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Abstract. Gumiri S, Ardianor, Syahrinudin, Anshari GZ, Komai Y, Taki K, Tachibana H. 2018. Seasonal yield and composition of an 
inland artisanal fishery in a humic floodplain ecosystem of Central Kalimantan, Indonesia. Biodiversitas 19: 1181-1185. Seasonal yield 
of an inland artisanal fishery was studied in 2015 in the Takapan Floodplain Lake located along the Rungan River of Central Kalimantan 
Province-Indonesia. Record on daily fish catch consisting weight data and species composition was made in situ along with a one-year 
rainfall data that was collected from the nearest Meteorological Station located in Palangka Raya City airport. Results showed that 
throughout the year, total annual yield of captured fishes reached 4.8 tons comprised of 34 commercial freshwater fish species. Seasonal 
yield varied considerably in which fish capture was higher during the rainy season than on the dry season. The transition period from 
rainy to dry season was found to be the peak period of fish capture in the floodplain. Of the 34 fish species, the most abundant species 
was Channa striata that accounted to almost 50% of total annual fish yield. The two most abundant fishes, Channa striata, and 
Kryptopterus palembangensis were a top predatory blackfish and an omnivorous surface water whitefish, respectively. This result 
indicated that the studied floodplain habitat was still in good condition, however, conservation is needed to maintain the sustainability of 
freshwater fish resource in the future.  

Keywords: Artisanal, fishery, floodplain, yield, sustainability  

INTRODUCTION 

Palangka Raya City is the capital city of Central 
Kalimantan Province, Indonesia. The city covers an area of 
2,678.51 km2 inhabited by only 244,500 people or with the 
population density is only 91 people/km2. Although it is a 
provincial capital, the city often said to have three faces: 
the city face, the village face and the forest. About 93% of 
its area is still considered as the forested area (Anon 
2014a). 

The city is flowed by two big rivers namely the 
Kahayan River, 550 km long, and the Rungan River, 750 
km long (Anon 2014b). Along these rivers, 104 oxbow 
lakes were found with their size ranging from less than one 
hectare up to several hectares. These lakes were surrounded 
by tropical peat swamp forest. The rivers, lakes and this 
tropical peat swamp forest were interlinked forming a 
floodplain ecosystem. During rainy season, the rise of 
water level caused the oxbow lakes to expand and the peat 
swamp area was inundated and then dried up during the dry 
season (Gumiri and Iwakuma 2005).  

These seasonal hydrological dynamics was the major 
determinant of the seasonal dynamics of water quality of 
this floodplain ecosystem. Ardianor et al. (2014) reported 

that values of physicochemical parameters both in the river 
and its adjacent lakes varied greatly between dry season 
and wet season periods. During dry season, the water from 
both of the adjacent lakes and the Rungan River exhibited 
very low pH values. This low pH is probably due to the 
decrease of water discharge from upstream and the water 
bodies are then filled with the water released from the 
acidic groundwater from the surrounding peatland. On the 
other hand, during rainy season the increase of water 
discharge from upstream, the pH values will increase due 
to the dilution. However, the turbidity values were higher 
during dry season and lower during rainy season. The 
concentrations of dissolved oxygen were also higher during 
dry season than during rainy season. 

The floodplain ecosystem of Palangka Raya was also 
characterized by relatively low concentrations of anions 
and cations. The anion concentrations tended to increase 
significantly during the transition period between dry and 
rainy season, whereas the cation concentrations were 
relatively stable throughout the year. The periodic 
fluctuation of cation concentrations during this transition 
period is presumably due to the sudden increase of water 
discharge that might be bringing more organic inputs to the 
system.   
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Despite the fact that this humic floodplain ecosystem of 
Palangka Raya is physicochemically poor in nutrient 
content (Tachibana et al. 2003), it supports high diversity 
and production of inland fisheries. There were more than 
300 freshwater fish species had been recorded in Central 
Kalimantan Province (Anon 2010). It has been reported 
that even a single lake with less than 3 ha in size could 
harbor more than 100 species of freshwater fish (Buchar et 
al. 2007). The annual yield of inland captured fisheries in 
Palangka Raya City in 2013 was 1,340.5 tons (Anon 
2014a). This high production of inland fisheries is probably 
partly due to the existence of riparian forest that provides 
fishes with natural food during rainy season (Gumiri et al. 
2009).  

The inland fishery catch in Southeast Asia was mostly 
under-reported including in Indonesia the official figures 
reported may not be based properly on recorded data 
(Coates 2002). In the present study, we attempt to provide a 
more accurate information of the inland fishery yield and 
species composition from the floodplain ecosystem of 
Central Kalimantan Province, Indonesia.  

MATERIALS AND METHODS 

Study area 
The study was conducted in floodplain ecosystem 

surround Takapan Lake, a 53 ha humic floodplain oxbow 
lake located at the Rungan River, Sub-district of Pahandut, 
Palangka Raya City, Central Kalimantan, Indonesia (02 9’ 
2.86” S; 113 55’ 1.17 E) (Figure 1).  

The lake area was inhabited by a small number of 
subsistent local fishermen families in which they relied on 
their income solely from catching fish from the forested 
floodplain ecosystem of Rungan River watershed either 

from the river, lake or the swamp forest area around the 
lake. Data collection was made for one year period from 
January until December 2015. Fish record was made by 
treating a local fisherman household operated in the lake as 
a defined unit effort as suggested by Coates (2002). This 
was possible because the fisherman was the only one buyer 
of all landed fishes in the lake. This daily bulk of catches 
was then usually sold to local market in Palangka Raya 
City. The fisherman was asked to record the daily fish 
catch consisting of number of fish types or local fish name 
and their weight. The fisherman’s record was then 
collected every month by visiting the lake. Naming the 
scientific names of the caught fished based on local names 
was made according to Kotellat et al. (1993) and Roberts 
(1989). Along with the fish record, rainfall data were also 
collected from the Airport Meteorological Station located 
in Palangka Raya City, located c.a 20 km from the study 
site. The fish data were then tabulated and presented in the 
form of tables and graphs.  

RESULTS AND DISCUSSION 

Results 
Throughout the year the daily fish yield fluctuated 

considerably (Figure 2). In most cases, the daily fish catch 
was less than 25 kg per day, but during high yield period, 
the catch could reach more than 75 kg per day. More fish 
was captured between December and July, whereas 
between August and November were the months with the 
lowest catch. This trend somewhat coincided with the rainy 
events in the region. High rainfall periods occurred 
between February and May, and between October and 
December. It seemed that the high fish yield periods were 
preceded by those of high rainfall periods.   

 
 
 

  
 
Figure 1. Study site in Takapan Lake, Palangka Raya City, Central Kalimantan, Indonesia. Arrow indicates the fish landing point where 
fish record was made 

Takapan Lake 

Rungan River 

Kahayan River 

Palangkaraya 
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Although the fish catch quiet high in certain periods 
(Figure 3.A), the number of fish species was relatively low 
(Figure 3.B). During high yield days, the number of fish 
species was mostly less than 5, and even during the two 
highest yields periods on mid of May and mid of July, the 
species caught consisted of only one species. This indicated 
that some particular species were abundant only during 
particular periods of the year.   

Throughout the year, the number of commercial fishes 
caught in the lake was 34 species with the total yield 
reached 4.8 tons (Table 1). The most abundant and 
common species caught was Channa striata that 
contributed to almost 50% of the total catch and captured in 
198 days out of 365 days. The second high fish catch was 
Kryptopterus palembangensis with the total yield over 1 
ton, and caught in 89 days per year. Mystus nemurus, 
Trichogaster trichopterus, Osteochilus melanopleura and 
Mystus nigriceps were the next abundant fish caught 
respectively.  

Throughout the year, trends of monthly catch of the top 
five most abundant species varied (Figure 4). The yield of 
Channa striata peaked during May and June. The variation 
of its catch was very similar with the trend of the rainfall 
events but it seemed that the high yields happened just after 
the heavy rainfall period or during the transition period 
between the rainy and the dry season. The highest season 
of Kryptopterus palembangensis and Mystus nemurus were 
of January and February, respectively. Their yield 
variations somewhat coincided with the seasonal variation 
of rainfall events in the region. On the other hand, other 
two abundant species: Trichogaster trichopterus and 
Osteochilus melanopleura yield did not seem to have any 
correlation to the rainfall events.  

Discussion 
In the current study, the data were based on a whole one 

year period of inland artisanal fishery yield record. Since 
the study was conducted in a floodplain ecosystem where 
this type of inland fishery usually covers full spectrum of 
gears, the bulk of catches was difficult to see and monitor 
(Coates 2002). However, since all of the captured fishes 
were usually landed and sold to a local fisherman who then 
resells them on daily basis to Palangka Raya City, so we 
claim that our record represents the bulk catches of fish in 
this floodplain ecosystem.   

The total number of species found during the present 
study was 34 species. Although the species richness was 
similar, the species composition differed considerably with 
fish species found in other studied tropical inland water 
ecosystems in Kalimantan and Sumatera (Utomo and 
Prasetyo 2005; Kartamiharja et al. 2011; Kasim et al. 2015; 
Rupawan and Rais 2016). This difference supports the 
common scientific view that high diversity of freshwater 
fish species occurs mostly in the equatorial countries 
including Indonesia (Ng et al. 2017).   

Similar to fish caught in other tropical floodplain 
ecosystems (de Merona 1990; Baran 2005; Freitas et al. 
2002), fish yield in the studied floodplain ecosystem 
fluctuated considerably throughout the year. We found that 

high yields occurred during the rainy season and during the 
transitional period, from rainy to the dry season. This yield 
pattern could be attributed to fish migration behaviors in 
this typical ecosystem (Junk et al. 1989; Coates 2002). It 
has been well documented that adults of many tropical 
freshwater species migrate up tributaries and on to flooded 
plains to spawn, lake dwelling species move into tributary 
streams and other riverine species migrated upriver to 
headwater regions in anticipation of seasonal rains 
(Helfman et al. 2009). In this type of inland fishery, local 
fishermen have adapted to apply more appropriate and 
efficient fishing gears to capture more fishes as floodwater 
recede (Coates 2002).  
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Figure 2. Seasonal variation in fish yield during the period from 
January until December 2015 
 
 

 

 
 
Figure 3. A. Daily number of fish yield, B. The number fish 
species caught 
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A B C D E 

 
Figure 4. Trends of yield of five most abundant species: A. Channa striata, B. Kryptopterus palembangensis, C. Mystus nemurus, D. 
Trichogaster trichopterus, and E. Osteochilus melanopleura. Units of Y-axis were kg for fish catch and mm for rainfall 
 
 
 
 
Table 1. List of commercial captured fish species, their yields and 
catching days during the period from January until December 
2015 
 

Local name Scientific name 
Annual 
catch  
(kg) 

Catch- 
ing days 

    
Haruan  Channa striata 2,289.5 198 
Lais baji Kryptopterus palembangensis 1,056 89 
Baung  Mystus nemurus 242 30 
Sapat Trichogaster trichopterus 155.1 30 
Tauman Channa micropletes 116 22 
Biawan Helostoma temminckii 128 19 
Kapar Belontia hasselti 61.7 15 
Puyau Osteothilus hasselti 54.4 14 
Kalabau Osteochilus melanopleura 149.9 12 
Pantikan Mystus nigriceps 144.7 12 
Karandang Channa pleurophthalma 28 12 
Udang Macrobrachium sp 11.7 12 
Saluang Rasbora oxygastroides 39.5 10 
Tauman alas Channa micropeltes 28.6 8 
Lili Mastacembelus nothopthalmus 22.5 8 
Papuyu Anabas testudineus 12.8 7 
Puhing Cyclocheilichthys apogon 26.3 5 
Lais tabirin Belodontichthys dinema 25.3 5 
Mihau Channa melasoma 16.4 5 
Tauman karamba Ophiocephalus micropeltres 47.6 4 
Manangin Elops machnata 30.3 4 
Kalui Osphronemus goramy 11.2 4 
Pipih Chitala lopis 7.7 4 
Patin Pangasius djambal 11.1 3 
Lawang Pangasius polyuranodon 6.5 3 
Pentet Clarias batrachus 3.3 3 
Lais besar Kryptopterus parvanalis 13.5 2 
Tapah Wallago leeri 6.3 2 
Jelawat Leptobarbus hoeveni  2.4 2 
Lais bamban Kryptopterus cry 1.9 2 
Lais bantut Ompok hypophthalmus 17.5 1 
Darap Mystus olyroides 8 1 
Sanggi Mystus sp 2.5 1 
Kakap Lates calcarifer 1 1 
    
Total annual catch 4,779.2  
   

Of the almost 4.8 tons of total annual fish yield, 48% of 
the catch composed of snakehead (Channa striata). This 
species is considered as a native freshwater fish species of 
Borneo (Roberts 1989). The very high production of this 
top predatory fish can be an indicator that this floodplain 
ecosystem is still healthy because these predatory fishes 
depend largely on the production in floodplain (Junk et al. 
1989). 

The variation in time of peak yields of the five most 
abundant species could be attributed to the reproductive 
adaptations of these species to the seasonal dynamics of the 
ecosystem. The study area was a typical floodplain 
freshwater ecosystem consisted of river, lake, and 
floodplain to form a so-called river-floodplain system 
(Junk et al. 1989). This system is interconnected during 
rainy season and disconnected at dry season (Gumiri and 
Iwakuma 2005). During the rise of river water, these 
expanded interconnected ecosystems become a common 
spawning and nursery grounds for many riverine fishes. 
These fishes have reproductive cycles that coincide with 
seasonal inundation of gallery forest and swamps, perhaps 
cued by rainfall or rising water levels (Helfman et al. 
2009). This high recruitment of riverine fishes could be due 
to the fact that food supply in fertile floodplains during the 
flood phase can be so abundant (Junk et al. 1989). The 
importance of peat swamp forest ecosystem as habitat of 
freshwater fish community in the region was reported by 
Thornton (2017) in which of the 55 fish species found in 
Sebangau floodplain ecosystem, 29 species of them were 
captured in the forest.  

The dominance of predatory species Channa striata 
could be attributed to the abundance of juvenile of other 
fishes during the rainy season. It has been well documented 
that worldwide predatory fish species often spawn earlier 
than their prey, thus assuring a food source for young 
predators (Helfman et al. 2009). The coincident trend of 
Kryptopterus palembangensis catches with the rainfall 
events in this study perhaps due to its both migration and 
reproductive strategies which utilised the expanded 
floodplain habitat, since members of this Siluridae was 
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found as an omnivorous surface water fish that feed mostly 
on terrestrial insects falling from the swamp forest or 
riparian vegetation (Handayani et al. 2009; Minggawati 
2009).  

To conclude, the present study has attempted to provide 
a more reliable data on bulk catches of inland artisanal 
fishery in a humic tropical floodplain ecosystem. In this 
complex system, the rainfall events tended to govern the 
high seasonality of fish yield and composition. The 
dominance of Channa striata and Kryptopterus 
palembangensis as a top predatory blackfish and an 
omnivorous surface water whitefish respectively, indicate 
that their habitats are still in good condition to maintain the 
sustainability of freshwater fish resource in the studied 
floodplain ecosystem.  
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Abstract. Authors. 2018. Molecular phylogeny of trees species in Tripa Peat Swamp Forest, Aceh, Indonesia inferred by 5.8S nuclear 
gen. Biodiversitas 19: 1186-1193. Tripa peat swamp forest is protected areas that have high biodiversity. Nevertheless, in some areas, 
the damage occurred due to conversions of land function to oil palm plantations. The impact of conversions of peat swamp forest to oil 
palm plantations has led to biodiversity decreased. Hence, it is important to identify the remain tree species in Tripa peat swamp forest. 
This study aimed to determine of trees species diversity in Tripa peat swamp forest by using of 5.8S rRNA nuclear gene. Research was 
conducted at Forest Genetics and Molecular Forestry Laboratory, Faculty of Forestry, IPB from September 2015 to August 2016. 
Molecular identification consisted of DNA extraction, PCR analysis, and sequencing. The data were analyzed using Bioedit, MEGA 6, 
BLAST, and ITS2 database. Molecular identification using ITS 1 and ITS 4 primer successfully amplified (the ITS region ITS1-5.8S-
ITS2) of 16 trees species from 9 families. BLAST analysis results indicate the presence of 16 species has similar bases sequence with 
the GeneBank DNA database. The plant species are Branckenridgea palustris (Ochnaceae), Gonystylus sp. (Thymelaeaceae), 
Tristaniopsis whiteana (Myrtaceae), Syzygium sp.1 (Myrtaceae), Macaranga triloba (Euphorbiaceae), Syzygium garciniifolium 
(Myrtaceae), Knema intermedia (Myristicaceae), Palaquium ridleyi (Sapotaceae), Palaquium sp. (Sapotaceae), Dyera lowii 
(Apocynaceae), Elaeocarpus petiolatus (Elaeocarpaceae), Ficus sp. (Moraceae), Syzygium leptostemon (Myrtaceae), Chilocarpus 
suaveolens (Apocynaceae), Alstonia pneumatophora (Apocynaceae), and Alstonia sp. (Apocynaceae). Phylogeny tree reconstruction 
using the Neighbor-Joining Method (NJ) showed that 5.8S rRNA nuclear gene was successful as marker for 16 trees species from 9 
different families. In addition, the 5.8S also successful for resolving phylogenetic relationships at genus level i.e. Alstonia, Palaquium, 
Syzygium, Tristaniopsis, Macaranga, Elaeocarpus, and Ficus. 

Keywords: Tripa peat swamp forests identification, phylogenetic relationships, tree species, 5.8S rRNA nuclear gene 

INTRODUCTION 

Tripa peat swamp forest is a protected peat swamp 
forest area of ± 63.228 hectares and part of the Leuser 
Ecosystem. It locates in Aceh Barat Daya District to Nagan 
Raya District, Aceh Province, Indonesia. The Tripa peat 
swamp forest is one of megadiversity center and also the 
largest carbon storage site in Aceh (YLI-AFEP 2008). 
Peatland has extremely poor soils which are acidic and 
lower minerals as well as nutrients content. The unique and 
specific conditions of peatland created unique species 
diversity compared to another forest. According to Thomy 
et al. (2016) there were 17 families of trees species that can 
be found in Tripa peat swamp forest, i.e., Myrtaceae, 
Apocynaceae, Sapotaceae, Anacardiaceae, Sterculiaceae, 
Moraceae, Euphorbiaceae, Rubiaceae, Stemonuraceae, 
Thymelaeaceae, Ochnaceae, Rhizophoraceae, Annonaceae, 
Dipterocarpaceae, Myristicaceae, Elaeocarpaceae, and 
Arecaceae. WWF and LIPI (2007) reported that the endemic 
species in peat swamp ecosystem are Dyera lowii 
(Apocynaceae), Gonystylus bancanus (Thymelaeaceae), 
Kompassia malaccensis (Fabaceae), Alstonia pneumatophora 
(Apocynaceae), Campnosperma spp. (Anacardiaceae), 
Callophylum spp. (Calophyllaceae), Palaquium spp. 
(Sapotaceae), and Lagerstroemia speciosa (Lythraceae). 

Moreover, Djufri et al. (2016) reported that there were 41 
species of herbs, seven species of shrubs and 24 species of 
trees in deforested peat-swamp forest of Tripa. 

Tripa was mostly covered by forest as many as 67.000 
hectares or 65% of the area, of which most was peat swamp 
forest. In the most recent year of observation, forest cover 
was 19.000 hectare (18% of the area). The largest forest 
conversion took place from 2005 to 2009, with the loss of 
approximately 4.000 hectares per year. Historical analyses 
can be used to support efforts to protect the remaining peat 
swamp forest in Tripa. In addition, forest degradation, 
conversion of forest area into oil palm plantations, illegal 
logging, forest fire, reduced Tripa peat swamp forest area 
as well as biodiversity, especially tree species. Hence, it is 
important to identify trees species that still found in the 
remain forest area. Database about the trees species will 
support the restorations program in the future (Widayati et 
al. 2012). 

The 5.8S nuclear rRNA gene lies between Internal 
Transcribed Spacer 1 (ITS1) and Internal Transcribed 
Spacer 2 (ITS2). The 5.8 S rDNA sequences contain three 
conserved motives in their nucleotide sequences that are 
essential for the correct folding of secondary structure 
(Harpke and Peterson 2008a,b). According to Gomes et al. 
(2002) and; O'Brien et al. (2005) the 5.8S rRNA gene has a 
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very high conserved level and commonly used as a marker 
for plant identification. Hribova et al. (2011) also reported 
that the 5.8S rDNA sequence region had a conserved length 
of 155 bp or 154 bp, its GC content varied from 49.68 to 
57.48% and it can be used for molecular phylogeny. 
Alvarez and Wendel (2003) also reported that 5.8S 
sequence region is one of the most popular loci used in 
molecular phylogenetic studies. Therefore this study was 
conducted to identify peat swamp trees species in Tripa 
swamp forest using of 5.8S rRNA nuclear gene for 
conserving and restoring effort in the future.  

MATERIALS AND METHODS 

Study area 
The research was conducted in Tripa peat swamp forest, 

Darul Makmur Sub-district of Nagan Raya District, Aceh, 
Indonesia and Laboratory of Forest Genetics and Molecular 
Forestry, Faculty of Forestry, Bogor Agricultural 
University, Bogor, West Java, Indonesia. The research was 
begun from September 2015 to August 2016. 

Procedures 
Sample collection 

This research used purposive sampling method. The 
total area for sampling site is 18.000 ha. Species sample 

was taken as much as 2% per plot in the three locations, 
i.e., primary, secondary, and tertiary forest. Forty-five plots 
were designed in the study area and each location 
was divided into fifteen plots. The plot size was 20 m x 20 
m for tree sampling (tree diameter > 20 cm and tree height 
> 10 m). 

DNA extraction, amplification, and sequencing  
Total genomic DNA from each 16 trees species was 

extracted from young leaves using the Qiagen DNeasy 
Plant Mini kit (Qiagen, Hilden, Germany) following 
the manufacturer's instructions. The concentration and 
quality of DNA were checked by 2% agarose gel 
electrophoresis and visualized by UV transilluminator after 
red gel staining. 

Amplification segments of DNA were conducted using 

20 µL Polymerase Chain Reaction (PCR) reactions (Kapa 
Taq PCR MasterMix). All of the components consists of 10 
µL (1X Kapa Taq), 1 µL forward primer, 1 µL reverse 
primer, 3 µL DNA template, and 5 µL nuclease-free water. 
The temperature for PCR condition start to initial 
denaturation at 94˚C for 3 minutes, 30 cycles of 
denaturation (at 94˚C for 30 s), annealing (at 58˚C for 30 
s), and extension (at 72˚C for 1 minutes), and ends with an 
elongation stage at 72˚C for 10 minutes. The primer used in 
this study was ITS 1 and ITS 4 (Table 1). 

 

 
 

Figure 1. The forest cover map in The Leuser Ecosystem in the area of Tripa peat swamp forest, Aceh, Indonesia 
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Figure 2. Location of sample collection in Tripa peat swamp forest, Aceh, Indonesia 
 
 
Table 1. Bases sequence of ITS 1 and ITS 4 primers 
 

Genom DNA region Primer name Bases Sequence (5’-3’) Reference 

Nuclear ITS1 
5.8S rRNA 
ITS2 

ITS 1 
 
ITS 4 

TCCGTAGGTGAACCTGCGG 
 
TCCTCCGCTTATTGATATGC 

White et al. (1990) 
 
White et al. (1990) 

 
 

 
Sequencing process is conducted after amplicon was 

checked by 2% agarose gel electrophoresis. The amplicons 
were sequenced based on the selective incorporation of 
chain-terminating dideoxynucleotides method according to 
the manufacturer’s instructions and run on an ABI-3100 
automatic sequencer (Applied Biosystems) (Sanger and 
Coulson 1997). DNA strands were fully sequenced.  
Editing and sequence alignment 

The data was analyzed using BioEdit, BLAST and 
MEGA 6. Manual data review was performed by using 
BioEdit version 7.0.5.2 (Hall 1999). The Basic Local 
Alignment Search Tool (BLAST) from the NCBI 
homepage (http://www.ncbi.nlm.nih.gov/blast/blast.cgi) 
was then used to compare these sequences with in-house 
sequences and GenBank database sequences. The software 
of Molecular Evolutionary Genetics Analysis (MEGA) 
version 6.0 (Tamura et al. 2013) was used to predict 
phylogenetic relationships among trees species in Tripa 

peat swamp forest. The reconstructing of phylogenetic tree 
using Neighbor-Joining method (NJ) bootstrap 1000x 
(Saitou and Nei 1987). 

RESULTS AND DISCUSSION 

The 5.8S motifs for the identifications of peat swamp tree 
The ITS2 database gives information about the 

sequence, structure, and taxonomic classification in 
GenBank. ITS2 region was delimited in the database 
http://its2.bioapps.biozentrum.uni-wuerzburg.de/cgibin/ 
index.pl?annotator. The ITS2 database also looked for 
several motifs in Internal Transcribed Spacer (ITS), i.e., 
5.8S, ITS2, and 28S (Keller et al. 2009). The presence of 
all these motifs suggests that all ITS sequences obtained in 
this study are functional. An example of annotating result 
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of a complete sequence of the ITS region in Palaquim 
ridleyi is presented in Figure 4. 

In the following years, the ITS2 database was further 
expanded from a data repository to a rather full-featured 
interactive workbench (Selig et al. 2008; Koetschan et al. 
2010, 2012; Wolf et al. 2014). This figure also explained 
that one of species originated from Tripa peat swamp forest 
has a complete sequence. But in the several cases, not all 
species have a complete sequence. This research focused 
on the 5.8S rRNA as the functional part of the ITS region 
as marker for revolving phylogenetic relationships at the 
genus/species level. Generally, the region of 5.8S motifs 
has a length of 24 base pair (bp). However, the length of 
base pair (bp) could vary in other species. The 5.8S rRNA 
nuclear gene is the short sequence which is often used to 
identify and predict phylogenetic in plants and fungi. The 
5.8S motifs for tree species identification in Table 2. 

In tree phylogenetic, ITS1 and ITS2 can be used for 
distantly related species whereas 5.8S gene can be used for 
closely related species include plants and fungi. Conserved 
motifs for the 5.8S gene are poorly described in fungi. 
However, three motifs of the 5.8S gene are conserved for 

angiosperms M1 (5'-CGAUGAAGAACGUAGC-3'), M2 
(5'-GAAUUGCAGAAUCC-3') and M3 (5'-
UUUGAACGCA-3') (Harpke et al. 2008). The 5.8S 
ribosomal RNA (5.8S rRNA) is a non-coding RNA 
component of the large subunit of the eukaryotic ribosome 
and plays an important role in protein translation. Thus, the 
5.8S locus can serve as a critical alignment-free anchor 
point for search algorithms that make sequence 
comparisons for both phylogenetic and barcoding purposes.  

Basic Local Alignment Search Tool (BLAST) 
BLAST analysis was conducted to compare the DNA 

sequence of the peat swamp tree and the DNA sequence in 
GenBank DNA database. BLAST analysis also finds the 
similarity regions between biological sequences. Hence, it 
is assisting for reconstruction of the phylogenetic tree. 
Furthermore, it could explain the position of the species in 
taxonomy. The BLAST analysis result of the 16 trees 
species from 9 families in Tripa peat swamp forest is 
presented in Table 3. 

 

 
 
 

 

 
Figure 4. The annotated of 5.8S motifs in Palaquim ridleyi 

 
 

Table 2. The 5.8S motifs of the tree species in Tripa peat swamp forest, Aceh, Indonesia 
 

Name of species Locus Sequences Length (bp) 

Palaquium ridleyi 5.8 S CGAGGGCACGCCTGCCTGGGCGTCT 25 
Palaquium sp. 5.8 S CGAGGGCACGCCTGCCTGGGCGTCT 25 
Alstonia sp. 5.8 S CGAGGGCACGTCTGCCTGGGCGTCA 25 
Alstonia pneumatophora 5.8 S CGAGGGCACGTCTGCCTGGGCGTCA 25 
Chilocarpus suaveolens 5.8 S CGAGGGCACGTCTGCCTGGGCGTCA 25 
Dyera lowii 5.8 S GGAGGGCGCGTCTGCCTTGGGGGTCA 26 
Elaeocarpus petiolatus 5.8 S CGAGGGCACGTCTGCCTGGGGTCA 24 
Ficus sp. 5.8 S CGAGGGCACGTCTGCCTGGGCGTCA 25 
Syzygium sp. 5.8 S CGAGGGCACGTTTGCCTGGGTGTCA 25 
S. leptostemon 5.8 S TGAGGGCACGTTTGCCTGGGTGTCA 25 
S. garciniifolium 5.8 S TTAGGGCACGTTTGCCTGGGTGTCA 25 
Tristaniopsis whiteana 5.8 S AGAGGGCACGCTTGCCTGGGTGTCA 25 
Macaranga triloba 5.8 S CAAGGGCACGTCTGCCTGGGTGTCA 25 
Branckenridgea palustris 5.8 S CGAGGGCACGCCTGCCTGGGCGTCA 25 
Knema intermedia 5.8 S TGAGGGCACGTCTGCCTGGGCGTCA 25 
Gonystylus sp. 5.8 S CGAGGGCACGCCTGCCTGGGTGTCA 25 

region target 
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Table 3. BLAST analysis of the 16 trees species from Tripa peat swamp forest, Aceh, Indonesia based on 5.8S rRNA nuclear gene 
 

Species name Families Process ID Quary cover Ident E-value 

Palaquium ridleyi Sapotaceae >KF686291.1 P. xanthochymum 100% 100% 3e-08 
Palaquium sp. Sapotaceae >KF686291.1 P. xanthochymum 100% 100% 3e-08 
Alstonia sp. Apocynaceae >KC960438.1 Alstoniascholaris 100% 100% 2e-07 
Alstonia. pneumatophora Apocynaceae >KC960438.1 Alstoniascholaris 100% 100% 2e-07 
Chilocarpus. suaveolens Apocynaceae >KC960438.1 Alstoniascholaris 100% 100% 2e-07 
Dyera lowii Apocynaceae >JX856398.1 Alstonia macrophylla 96% 92% 0.014 
Elaeocarpus petiolatus Elaeocarpaceae >KX365744.1E. floribundus 83% 100% 9e-06 
Ficus sp. Moraceae >KX572966.1 F. carica 100% 100% 4e-07 
Syzygium sp. Myrtaceae >KR532633.1 Syzygium oblatum 100% 100% 1e-06 
S. leptostemon Myrtaceae >KX079334.1 Syzygium cumini 100% 100% 1e-06 
S. garciniifolium Myrtaceae >JF682809.1 S. aqueum 100% 100% 1e-06 
Tristaniopsis whiteana Myrtaceae >KM064872.1 T. laurina 100% 100% 1e-06 
Macaranga triloba Euphorbiaceae >AF361166.1 M. bancana 100% 100% 3e-06 
Branckenridgea palustris Ochnaceae >KF263225.1 B. zanguebarica 100% 100% 1e-08 
Knema intermedia Myristicaceae >KR532228.1 K.globularia 100% 100% 5e-09 
Gonystylus sp. Thymelaeaceae >GQ205178.1 Pimelea williamsonii 100% 100% 3e-08 
 
 
 
 
 

All of the trees species from Tripa peat swamp forest 
has a similarity at the genus level with the sequences from 
GenBank DNA database. The Query Cover for 16 trees 
species has values in the range of 83% to 100%. It has a 
high degree of alignment to BLAST sequences. The E-
value of 0.0 indicates the number of alignments with scores 
equivalent to or greater than that is expected to occur in a 
database by chance. Therefore the lower the E-value the 
more significant the score is and a better quality of the 
alignment BLAST search. The E-value was high in this 
study due to the locus sequence as the marker is very short. 
In this study, the 5.8S nuclear gene has a length of about 
24-26 bp. Hence, searching for similarity to a query 
sequence limited. According to Claverie and Notredame 
(2003), the DNA sequence has a high similarity if the 
Query Cover value is close to 100% and the E-value is 
close to 0.0.  

Phylogenetic relationships based on 5.8S rRNA nuclear 
gene 

The reconstructions of the phylogenetic tree (Figure 5) 
explained about phylogenetic relationships within the 9 
families of the plants, i.e., Apocynaceae, Sapotaceae, 
Myrtaceae, Euphorbiaceae, Elaeocarpaceae, Moraceae, 
Ochnaceae, Thymelaeaceae, and Myristicaceae. In our 
study, from 16 different species, the 5.8S nuclear gene 
were clearly differentiated species from genus Alstonia 
(Figure 5.A), Palaquium (Figure 5.B), Syzygium (Figure 
5.C), Tristaniopsis (Figure 5.C), Macaranga (Figure 5.D), 
Elaeocarpus (Figure 5.E), and Ficus (Figure 5.F). This 
marker is attractive because it has been used in previous 
barcoding studies of the eukaryotic with success (Nguyen 
and Seifert 2008; Schoch et al. 2012). However, the 5.8S as 
marker was not successful to resolve phylogenetic 
relationships in genus Chilocarpus (Figure 5.A), Dyera 
(Figure 5.A), Branckenridgea (Figure 5.G), Gonystylus 
(Figure 5.H), and Knema (Figure 5.I). According to Stern 

et al. (2012) ITS region is one of the difficult markers 
technically because it is present in multiple distinct copies. 
ITS region also has the high level of intra and intergenomic 
variability in species that can make alignment difficult.  

The 5.8S is the small and large subunit ribosomal RNA 
genes are separated by the Internal Transcribed Spacer 
(ITS) units 1 and 2 as well as-as a marker using a wide 
variety of the tree species from peat swamp forest. The 
molecular phylogeny studies about plants in the peat 
swamp forest are very limited. It is therefore important to 
develop of molecular phylogenetic to determine the best of 
DNA barcode markers for the identification. The best 
performance of 5.8S occurred in Figure 5.A, whereby the 
5.8S was successful grouped genus Alstonia (TPSF) with 
Alstonia from GenBank while there are four genera there. 
(Burge et al. 2013) reported that the complete sequence of 
ITS (ITS1, 5.8S, ITS2) was used to predict molecular 
phylogeny of the plant within genus Pachypodium 
(Apocynaceae). 

The most dominant species in Tripa peat swamp forests 
belong to Myrtaceae. According to Manshor and Manshor 
(2014), most species in peat swamp forests belong to the 
Myrtaceae and Dipterocarpaceae. Among all phylogenetic 
trees, the 5.8S was very successful for resolving 
phylogenetic relationships within families Myrtaceae. 
Caused all member of families Myrtaceae (Figure 5.C) 
grouped clades based on the same genus i.e. Syzygium 
(TPSF) with Syzygium (GenBank) as well as Tristaniopsis 
(TPSF) with Tristaniopsis (GenBank). Even though 5.8S is 
highly conserved within plants, but this marker can be used 
to differentiate among species within families Myrtaceae. 
The 5.8S was used for reconstructing phylogenetic 
relationships among species of Myrceugenia (Myrtaceae) 
(José Murillo-A et al. 2012). Furthermore, the 5.8S nuclear 
gene is recommended as universal barcodes for plants, 
especially within families Myrtaceae.  
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 Alstonia pneumatophora (TPSF)

 Alstonia sp. (TPSF)

 KX277720.1 Hemidesmus indicus

 LN901557.1 Cynanchum foetidum

 Chilocarpus suaveolens (TPSF)

 KX079330.1 Alstonia scholaris

 Dyera lowii (TPSF)

 JX856398.1 Alstonia macrophylla

 Cyrtostachys lakka (OG)

52

8
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7

3
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A 

 Palaquium ridleyi (TPSF)

 KF686284.1 Palaquium rufolanigerum

 Palaquium sp. (TPSF)

 KF686287.1 Palaquium sp.

 KF686286.1 Palaquium sericeum

 KF686291.1 Palaquium xanthochymum

 KF686290.1 Palaquium walsurifolium

 Cyrtostachys lakka (OG)

12

10

8

2

11
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 Syzygium sp. (TPSF)

 KR532633.1 Syzygium oblatum

 Tristaniopsis whiteana (TPSF)

 KM064872.1 Tristaniopsis laurina

 Syzygium leptostemon (TPSF)

 KX079334.1 Syzygium cumini

 Syzygium garciniifolium (TPSF)

 JF682809.1 Syzygium aqueum

 Cyrtostachys lakka (OG)

87

30

28

29

17

47
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 Macaranga triloba (TPSF)

 AF361161.1 Macaranga tanarius

 AF361151.1 Macaranga pruinosa

 AF361142.1 Macaranga kingii

 AF361167.1 Macaranga winkleri

 Cyrtostachys lakka (OG)

16
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 Elaeocarpus petiolatus (TPSF)

 KJ675670.1 Elaeocarpus thelmae

 KX365744.1 Elaeocarpus floribundus

 KJ675665.1 Elaeocarpus stellaris

 KJ675681.1 Elaeocarpus largiflorens

 Cyrtostachys lakka (OG)

15

13

17
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 Ficus sp. (TPSF)

 KU365058.1 Ficus amplocarpa

 KX689296.1 Ficus rubra

 KU365054.1 Ficus anamalayana

 KP325598.1 Ficus semicordata

 KP325593.1 Ficus prostrata

 Cyrtostachys lakka (OG)

13
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4

15
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 Branckenridgea palustris (TPSF)

 KF263204.1 Campylospermum umbricola

 KF263225.1 Brackenridgea zanguebarica

 KF263200.1 Campylospermum schoenleinianum

 KF263209.1 Campylospermum klainei

 Cyrtostachys lakka (OG)

16

15

15
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 Gonystylus sp.(TPSF)

 FJ572732.1 Pimelea decora

 AM162502.1 Thecanthes punicea

 GQ205178.1 Pimelea williamsonii

 Cyrtostachys lakka (OG)

23

23

 
H 
 

 Knema intermedia (TPSF)

 KR532219.1 Horsfieldia prainii

 KR532228.1 Knema globularia

 Cyrtostachys lakka (OG)

33

 
I 

 
 
Figure 5. Phylogenetic tree based on 58s rRNA nuclear gene within families: A. Apocynaceae; B. Sapotaceae; C. Myrtaceae; D. 
Euphorbiaceae; E. Elaeocarpaceae; F. Moraceae; G. Ochnaceae; H. Thymelaeaceae; I. Myristicaceae using Neighbor-Joining (NJ) 
method. The phylogenetic tree is the consensus result. The bootstrap value shows in every node. TPSF: Tripa Peat Swamp Forest, OG: 
Out Group 
 
 

Species endemic, which is discovered in Tripa peat 
swamp forest i.e. Palaquium, Palaquium ridleyi, 
Gonystylus sp., Dyera lowii, and Alstonia pneumatophora. 
Generally, all the species are classified as timber forest 
products. According to (Yamada 1997) reported that the 
dominants of mixed swamp forest common both to 
Sumatra and Kalimantan are Alstonia pneumatophora, 
Campnosperma coriacea, Durio carinatus, Dyera lowii, 

Gonystylus bancanus, Koompassis malaccensis, 
Lophopetalum multinervium, Mezzettia leptopoda, 
Palaquium burckii, Parastemon urophyllum, Shorea 
platycarpa, S. teysmanniana and S. uliginosa.The timber 
production in peat swamp forest is low when compared to 
the lowland or mix dipterocarp forests. Therefore, the 
problem faced by peat swamp forest is due to increased 
human activity on tropical peatlands has resulted in much 
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of the destruction of the peat swamp forest ecosystem. The 
remaining pristine peat swamp forests need to be protected 
and managed wisely to prevent further losses of valuable 
endemic species. We concluded that 5.8S is strongly 
supported within genus Palaquium (Figure 5.B). Prior to, 
there were several studies used the 5.8S for the 
identification within families Sapotaceae. Swenson et al. 
(2007a) reported that the 5.8S as one of a marker was used 
to molecular phylogeny studies of Planchonella 
(Sapotaceae) as well as eight new species from New 
Caledonia. Bartish et al. (2005) also reported that the 5.8S 
is one of the sequences used for resolving phylogenetic 
relationships among New Caledonian Sapotaceae.  

In addition, there are several species include as the 
compiler of peat swamp vegetation in Tripa peat swamp 
forest, i.e., Elaeocarpus petiolatus, Macaranga triloba, 
Ficus sp., Knema intermedia, and Branckenridgea 
palustris. According to Kuniyasu and Tetsuya (2002) 
reported that one of the species compositions of Sumatran 
peat swamp forests is Knema intermedia. There were 
approximately 40 species of Macaranga including both 
peat swamp and non-peat swamp environments (Siregar 
and Sambas 2000). Molecular identification using the 5.8S 
as a marker is not recommended for several of the compiler 
species such as Branckenridgea palustris (Figure 5.G) and 
Knema intermedia (Figure 5.I). Due to searching the 
similarity of the 5.8S rRNA belonging to the species B. 
palustris and K. intermedia with the query sequence in 
NCBI limited. We concluded that the phylogenetic 
relationships among that species (Figure 5.G and 5.I) are 
not clear. Further, needed full sequences of ITS region for 
resolving the phylogenetic issue. According to Vivas et al. 
(2014) for species discrimination, ITS region provided the 
best results, followed by matK, trnH-psbA, and rbcL. 
Furthermore, the combined analysis of two, three or four 
markers did not result in higher rates of discrimination than 
with ITS alone. These results indicate that the ITS region is 
the best option for molecular identification of Sapotaceae 
species from the Atlantic Forest. 

Conversely, the 5.8 is very recommended for species 
Elaeocarpus petiolatus (Elaeocarpaceae), Macaranga 
triloba (Euphorbiaceae), and Ficus sp. (Moraceae). The 
previous study reported that several molecular phylogenetic 
studies on the families Elaeocarpaceae, as well as the genus 
Elaeocarpus, have been undertaken. The molecular studies 
using full sequence data from the Internal Transcribed 
Spacer (ITS) of nuclear ribosomal DNA (Maynard 2008). 
Zeng et al. (2005) reported that phylogenetic relationships 
within families Moraceae have also used the 5.8S rRNA to 
predict phylogenetic of intra-species and inter-species 
within genus Morus (Moraceae). 

In conclusion, the 5.8S was successful to distinguish all 
species within 9 families i.e. Apocynaceae, Sapotaceae, 
Myrtaceae, Euphorbiaceae, Elaeocarpaceae, Moraceae, 
Ochnaceae, Thymelaeaceae, and Myristicaceae from Tripa 
peat swamp forest. In addition, the 5.8S also successful for 
resolving phylogenetic relationships at the genus level, 
especially in genus Alstonia, Palaquium, Syzygium, 
Tristaniopsis, Macaranga, Elaeocarpus, and Ficus.  
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Abstract. Ruchin A, Mikhailenko AP. 2018. Fauna of mantids and orthopterans (Insecta: Mantodea, Orthoptera) of the Mordovia State 
Nature Reserve, Russia. Biodiversitas 19: 1194-1206. The data on the distribution and habitat confinement of one Mantodea species and 
44 Orthoptera species in the Mordovia State Nature Reserve are given. Of these, one species of Orthoptera (Calliptamus italicus) is 
recorded for the first time for the Mordovia State Nature Reserve, four species (Mantis religiosa, Phaneroptera falcata, Conocephalus 
fuscus, Tettigonia caudata) are recently penetrated, one species (Conocephalus fuscus) is reported in the Republic of Mordovia for the 
first time. In the fauna of mantids and orthopterans of the Mordovia Reserve, three ecological groups were identified: polytopic, not 
confined to certain biotopes (14 species), hygrophilous representatives of intrazonal habitats (5 species) and xerophiles. Among the 
latter, there are species of extrazonal habitats (13 species) and confined to dry pine forests (7 species). The steppe group was not 
represented. For the three key habitats with the largest number of identified species, brief botanical descriptions are given. Factors 
influencing the species composition and current state of fauna of mantises and orthopterans of the Mordovia Reserve are discussed, and 
measures are proposed for the conservation of vulnerable species. 

Keywords: Mantodea, Orthoptera, fauna, Mordovia State Nature Reserve, Republic of Mordovia 

INTRODUCTION  

Mantises and orthopterans (Insecta: Mantodea, 
Orthoptera) are characteristic components of natural 
communities of diverse landscapes and form an integral 
part of the fauna of consumers in a significant proportion of 
phytocenoses (Latchininsky et al. 2011). Possessing good 
abilities to fly, and, accordingly, to resettle, many 
orthopterans actively explore new territories. For example, 
in recent years and in Europe and Russia, there has been a 
tendency to move to the north and northeast in species such 
as Phaneroptera falcata (Poda, 1761) (Böhme et al. 2011; 
Ivinskis and Rimšaitė 2008; Kočárek et al. 2008; Samietz 
et al. 2014), Conocephalus fuscus (Fabricius, 1793) 
(Kleukers et al. 1996; Ozersky 2012), Mantis religiosa 
(Linnaeus, 1758) (Cannings 2007; Bolshakov et al. 2010; 
Linn and Griebeler 2016), Oecanthus pellucens (Scopoli, 
1763) (Sackl and Zechner, 1999), Metrioptera roeselii 
(Hagenbach, 1822) (Hochkirch and Damerau 2009; 
Kaňuch et al. 2013) and others. The thermophily of the 
majority of orthopteran species leads to a significant 
reduction of their species number and biomorphological 
spectrum in the forest zone. In this connection, the main 
habitats of the orthopteran species are various open 
biotopes, which in these conditions of management often 
turn out to be transformed. The distribution and 
phytocenotic characteristics of these biotopes are in many 
ways the product of the historical relationship between man 
and nature in each particular region. On the contrary, 
orthopterans with limited dispersal capacity can serve as 

indicators of undisturbed, primary landscapes, fragments of 
which are still preserved in sparsely populated areas of the 
forest zone. 

A significant role in the conservation of biodiversity of 
geographic zones is assigned to Protected Areas 
(Grebennikov 2016). The compilation of faunistic lists of 
insects for individual territories is the first important step in 
the study of biodiversity, since knowledge of the fauna of 
the region is an essential foundation for all further 
biological research. In a number of Russian nature reserves 
and national parks, studies were conducted on the fauna of 
Mantodea and Orthoptera. For example, the fauna of these 
detachments was studied in the Prioksko-Terrasny State 
Nature Reserve (Kritskaya and Labetskaia 1972), the 
Central Chernozem State Nature Reserve (Kritskaya and 
Litvinova 1984), the Bashkir State Nature Reserve 
(Kopaneva 1985), the Voronezh State Nature Reserve 
(Emets 2016), the National Park “Sebezhsky” (Saveliev 
1999), the «Kaluga Zaseki» State Nature Reserve 
(Alexanova and Alekseev 2003), the Ilmen State Nature 
Reserve (Lagunov 2006), the Volga-Kama Reserve 
(Karmazina and Shulaev 2009), the Kabardino-Balkarian 
State Nature Reserve (Mokaeva 2010), the National Park 
«Nizhnyaya Kama» (Zhukov 2015), the National Park 
«Samarskaya Luka» (Benediktov 2017). 

However, in the territory of the Mordovia State Nature 
Reserve extensive studies have not been conducted so far. 
Some fragmentary information about the fauna of this 
group was obtained in the late 1930s and mid-1940s. N.N. 
Plavilshchikov (1964) published a list of integrated 
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material on the entomofauna of the Mordovia Reserve, 
where 37 species of orthopterans were indicated. Later, in 
the presence of new material and to refine the results of 
past studies, a report was published on the orthopterans of 
the Mordovia State Nature Reserve, which included 40 
species (Ruchin et al. 2013). At the same time from the 
previously mentioned species 9 species were excluded 
(Meconema thalassinum (DeGeer, 1771), Pholidoptera 
fallax (Fischer, 1854), Euprepocnemis plorans 
(Charpentier, 1825), Stenobothrus fischeri (Eversmann, 
1848), Omocestus petraeus (Brisout, 1856), Eremippus 
simplex (Eversmann, 1859), Ochrilidia hebetata (Uvarov, 
1927), Duroniella kalmyka (Adelung, 1906), Bryodema 
gebleri (Fischer von Waldheim, 1836) by different authors 
(Redikortsev 1938; Plavilshchikov 1964). In this paper we  

present updated information on the fauna of mantids and 
orthopterans of the Mordovia State Nature Reserve, 
identify the distribution of representatives of these orders in 
the biotopes within the studied territory, identify several 
ecological groups of local orthopterofauna, describe the 
characteristic habitats of species and discuss conservation 
of rare and vulnerable species in recent conditions. 

 MATERIALS AND METHODS  

The Mordovia State Nature Reserve is located in the 
Temnikov district of the Republic of Mordovia on the 
forested right bank of the Moksha river and covers an area 
of 321.62 km2 (Figure 1).  

 
 
 

 

 
  

 
Figure 1. Mordovia State Nature Reserve, Russia location and study sites (red dots) 
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Figure 2. Typical biotopes of the Mordovia State Nature Reserve, Russia. A. Floodplain meadow (cord. Plotomoyka, author: G.B. 
Semishin); B. Meadow (cord. Inorskiy, author: G.B. Semishin); C. Glades in a mixed forest (quar. 420, author: G.B. Semishin); D. 
Floodplain meadows with adjacent oak forest (quar. 376, author: O.N. Artaev) 
 
 
 
 

From the north the border runs along the Satis river-the 
right tributary of the Moksha, further to the east along the 
Arga river, which flows into the Satis river. The western 
border runs along the rivers Chernaya, Satis and Moksha. 
From the south the forest-steppe approaches naturally 
delineating the boundary of the reserve massif. By natural 
zoning the forest tract of the Mordovia State Nature 
Reserve belongs to the zone of coniferous-deciduous 
forests on the border with the forest-steppe. Forest 
communities occupy 89.3% of the total territory. In 
general, the vegetation cover of the Mordovia State Nature 
Reserve has a taiga character with a definite gravitation 
towards a nemoral complex during successions.The 
participation of forest-steppe elements is typical for this 
territory. Pine (Pinus sylvestris L.) is the main forest tree in 
the Mordovia State Nature Reserve. It forms pure or mixed 
plant communities in the southern, central and western 
parts of the Mordovia Reserve. Birch (Betula pendula 
Roth) forests occupy the second place in the forest area the 
Mordovia Reserve. These are predominantly secondary 
communities at the sites of cut and burnt pine forests. 
Especially a lot of young birch forests are at places 
damaged by wildfire in 2010. Lime (Tilia cordata Mill.) 
forests are located mainly in the northern part of the 
Mordovia State Nature Reserve.These are secondary plant 

communities that arose on the site of pine forests and lime-
spruce forests. Oak (Quercus robur L.) forests occupy a 
relatively small area of the Mordovia Reserve. They are 
common in the Moksha river floodplain in the western part 
of the reserve. Spruce (Picea abies L.) and alder (Alnus 
glutinosa (L.) Gaertn.) forests are located mainly in 
floodplains of rivers and streams (Pushta, Vyaz-Pushta, 
Vorsklaia, Arga, etc.) and occupy small areas. Plant 
communities of small-leaved tree species (birch, aspen, 
alder) are formed on burnt forest areas (Khapugin et al. 
2016). The main areas of floodplain meadows are located 
along the Moksha river in the south-west of the Mordovia 
State Nature Reserve. The territory of the reserve is 
conditionally divided into quarters. Their numbering begins 
from the north and continues from west to east (Figure 1, 
2).  

Material was collected in the seasons 2011-2017 using 
generally accepted entomological methods of field research 
(Fasulati, 1971). In 2017, in addition, the method of 
bioacoustic monitoring was used (Benediktov and 
Mikhailenko 2017), in particular to detect species of the 
morphologically difficult group Chorthippus 
(Glyptobothrus) biguttulus gr. In total, over 60 habitats 
were surveyed during the survey. More than 2,000 
specimens were collected and processed. 

A B 

C D 
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In the annotated list below, references are given for 
each species to the literature with indications for the 
territory of the Mordovia Reserve. In the section „Results" 
new collection points (previously unpublished data, 
quarters are listed in increasing numbering order), date of 
collection, number of collected specimens, surname of the 
collector are listed. In the absence of the surname of the 
collector, the material was compiled by the first author of 
the article. For the species, we have found, original 
information about their biotopic confinedness in the 
Mordovia Reserve and characteristics of some key habitats 
are given. The name of the first recorded species for the 
Republic of Mordovia is marked with an asterisk (*), 
species first recorded in the Mordovia Reserve-with two 
asterisks (**). The "?" sign indicates species whose status 
requires confirmation by new collected material. 

A systematic list is given according to Bei-Bienko and 
Mishenko (1964) and Sergeev (1986). The nomenclature is 
used according to Cigliano et al. (2018). The genera 
Bicolorana, Roeseliana and Pseudochorthippus are 
considered as subgenera in the genera Metrioptera and 
Chorthippus, respectively. The common Latin synonyms 
are given for some species. All the collection material is 
stored in the funds of the Museum of the Mordovia State 
Nature Reserve (Pushta), in the Biological Museum of the 
Mordovia State University (Saransk) and in the personal 
collections of the authors.  

Abbreviations used in the work: exemplar-ex, quarter-
quar., cordon-cord.  

RESULTS AND DISCUSSION 

MANTODEA 

Mantidae  
Mantis religiosa (Linnaeus, 1758)  

Literature. Ruchin 2014, 2016. 
Material. quar. 86, cord. Steklyannyi, 8.VIII.2016, 1 

ex., Khapugin А.А.; quar. 330/358, 10.VIII.2016, 1 ex., 
Sharikov М.V.; Pushta, 20.VIII.2015, 13.VIII.2016, 2 ex.; 
quar. 420, 22.VIII.2016, 1 ex.; quar. 436, 19.VIII.2016, 1 
ex.; quar. 377, 03.IX.2016, 1 ex.; quar. 59, 23.VIII.2016, 1 
ex. 

Biotopes. In meadows, roadsides, kitchen gardens, 
clearings, in sparse forest shelterbelts, can come across in 
the depths of the forest and fly to the light. 

ORTHOPTERA 

Tettigoniidae 
Phaneroptera falcata (Poda, 1761)  

Literature. Ruchin et al. 2013. 
Material. cord. Srednyaya Melnitsa, 23.VIII.2017, 1 

ex., Mikhailenko A.P.; cord. Plotomoyka, 3.VIII.2014, 1 
ex.; ibid, 23.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 82, 
28.VII.2015, 1 ex.; quar. 85, 23.VIII.2016, 1 ex.; quar. 115, 
3.VIII.2014, 1 ex.; quar. 330, 4.VIII.2013, 2 ex.; quar. 368, 

21.VII.2013, 1 ex.; quar. 408, cord. Dolgy most, 
15.VII.2013, 1 ex.; quar. 427, 20.VII.2013, 1 ex.; cord. 
Drozhdenovsky, quar. 434, 18.VIII.2013, 1 ex.; 

Biotopes. On floodplain and elevated meadows, 
clearings, glades, roadsides. 

 
* Conocephalus (Anisoptera) fuscus (Fabricius, 1793) 
(=discolor Thunberg, 1815) 

Material. quar. 85, 24.VIII.2017, 1 ex., Mikhailenko 
A.P.; quar. 79, 24.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 
86, 24.VIII.2017, 1 ex., Mikhailenko A.P.; cord. 
Plotomoyka, 23.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 
377, 03.IX.2016, 1 ex.; quar. 401, cord. Taratinsky, 
16.VIII.2015, 1 ex.; ibid, 23.VIII.2017, 1 ex., Mikhailenko 
A.P.; cord. Novenky, 23.VIII.2017, 1 ex., Mikhailenko 
A.P.; Pushta, 12.IX.2017, 3 ex. 

Biotopes. In meadows with varying degrees of 
moisture, near water and roads on ruderal vegetation. 

 
Conocephalus (Anisoptera) dorsalis (Latreille, 1804) 

Literature. Redikortsev 1938; Ruchin et al. 2013. 
Material. quar. 368, 24.VIII.2017, 1 ex., Mikhailenko 

A.P. 
Biotopes. Near the water on the coastal grassy 

vegetation. It is locally rare, known only in the Mordovia 
State Nature Reserve.  

 
Tettigonia viridissima (Linnaeus, 1758)  

Literature. Ruchin et al. 2013. 
Material. cord. Dolgy most, 15.VII.2013, 1 ex.; quar. 

427, 20.VII.2013, 1 ex.; quar. 431, 23.VI.2013, glade, 1 
ex.; quar. 398, 24.VII.2016, 1 ex.; cord. Inorsky, quar. 436, 
28.VI.2015, 1 ex.; quar. 419, 22.VIII.2016, 2 ex.; quar. 
420, 6.VIII.2017, 1 ex.; quar. 448, 19.VIII.2016, 1 ex.; 
cord. Novenky, 23.VIII.2017, 1 ex., Mikhailenko A.P.; 
Pushta, 03.IX.2015, 06.IX.2014, 5.VIII.2016, 4 ex. 

Biotopes. In meadows of various types, usually dry, on 
glades and fringes, often on trees, can fly to the light. 

 
Tettigonia caudata (Charpentier, 1845) 

Literature. Ruchin et al. 2013. 
Material. quar. 85, 24.VIII.2017, 1 ex., Mikhailenko 

A.P.; quar. 86, 24.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 
276, 23.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 448, 
19.VIII.2016, 1 ex. 

Biotopes. On dry and steppe meadows, near roads on 
ruderal vegetation. 

 
Tettigonia cantans (Fuessly, 1775)  

Literature. Plavilshchikov 1964; Ruchin et al. 2013. 
Material. cord. Novenky, 26.VI.2016, 1 ex., Zvonov 

А.А.; cord. Srednyaya Melnitsa, 23.VIII.2017, 1 ex., 
Mikhailenko A.P.; cord. Plotomoyka, 23.VIII.2017, 1 ex., 
Mikhailenko A.P.; quar. 276, 23.VIII.2017, 1 ex., 
Mikhailenko A.P.; quar. 324, 15.VII.2017, 1 ex.; quar. 376, 
19.VI.2016, 1 ex.; quar. 386, 7.VII.2016, 2 nymphs; cord. 
Polyansky, 3.VII.2016, 1 ex., Zvonov А.А.; quar. 401, 
23.VIII.2017, 1 ex., Mikhailenko A.P.; cord. Dolgy most, 
15.VII.2013, 1 ex.; quar. 411, 7.VII.2016, 1 ex.; quar. 421, 
8.VI.2014, 1 ex.; cord. Inorsky, quar. 436, 15.VIII.2014, 
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23.VIII.2016, 2 ex.; quar. 448, 19.VIII.2016, 1 ex.; cord. 
Novenky, 23.VIII.2017, 1 ex., Mikhailenko A.P.; Pushta, 
12.VI.2016, 13.VIII.2016, 2 ex. 

Biotopes. In meadows of various types, in sparse 
forests of various composition, in forest glades and fringes, 
near water, on bush and trees. 

 
Decticus verrucivorus (Linnaeus, 1758) 

Literature. Redikortsev 1938; Ruchin et al. 2013. 
Material. cord. Plotomoyka, 3.VIII.2014, 1 ex.; quar. 

86, cord. Steklyannyi, 4.VIII.2015, 1 ex.; ibid, 
24.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 114, 
24.VIII.2017, 1 ex.; quar. 249, 13.VIII.2015, 1 ex.; quar. 
283, 4.VII.2015, 1 ex.; quar. 324, 15.VII.2017, 1 ex.; quar. 
330, 4.VIII.2013, 1 ex.; quar. 358/389, 14.VI.2013, 1 ex.; 
quar. 368, 24.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 
384, 20.VII.2013, 23.VIII.2015, 3 ex.; quar. 397, 
17.VIII.2014, 1 ex.; cord. Dolgy most, 15.VII.2013, 1 ex.; 
quar. 417, 20.VIII.2016, 1 ex.; quar. 420, 24.VIII.2016, 1 
ex.; quar. 424, 4.VIII.2013, 1 ex.; quar. 427, 20.VII.2013, 1 
ex.; cord. Inorsky, 23.VIII.2017, 1 ex., Mikhailenko A.P.; 
cord. Drozhdenovsky, quar. 434, 18.VIII.2013, 1 ex.; quar. 
448, 10.VIII.2016, 1 ex.; Pushta, 24.VII.2014, 1.VIII.2015, 
15.VIII.2016, 30.VIII.2017, 7 ex. 

Biotopes. In meadows, mainly dry, on forest glades, 
near roads, on glades and other areas with disturbed 
vegetation. 

 
Metrioptera (Metrioptera) brachyptera (Linnaeus, 1761)  

Literature. Redikortsev 1938; Ruchin et al. 2013. 
Material. quar. 59, 23.VIII.2016, 1 ex.; quar. 80, 

24.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 368, 
24.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 398, 
24.VII.2016, 1 ex. 

Biotopes. In steppe meadows, glades and fringes of 
pine forests. It is locally rare, known only in the Mordovia 
State Nature Reserve. 

 
Metrioptera (Bicolorana) bicolor (Philippi, 1830)  

Literature. Plavilshchikov 1964; Ruchin et al. 2013. 
Material. cord. Srednyaya Melnitsa, 23.VIII.2017, 1 

ex., Mikhailenko A.P.; cord. Plotomoyka, 23.VIII.2017, 1 
ex., Mikhailenko A.P.; quar. 86, 24.VIII.2017, 1 ex., 
Mikhailenko A.P.; quar. 330, 4.VIII.2013, 1 ex.; quar. 338, 
21.VII.2013, 3.VII.2016, 7 ex.; quar. 368, 21.VII.2013, 1 
ex.; quar. 384, 20.VII.2013, 1 ex.; quar. 408, 23.VIII.2016, 
1 ex.; quar. 413, 4.VIII.2017, 1 ex.; quar. 417, 
20.VIII.2016, 1 ex.; quar. 419, 6.VIII.2017, 1 ex.; quar. 
420, 6.VIII.2017, 1 ex.; quar. 434, 22.VIII.2015, 1 ex.; 
cord. Inorsky, quar. 436, 15.VIII.2014, 28.VI.2015, 
1.VIII.2015, 23.VIII.2016, 23.VIII.2017, 28 ex.; cord. 
Novenky, 23.VIII.2017, 1 ex., Mikhailenko A.P.; Pushta, 
27.VII.2013, 2 ex.  

Biotopes. In meadows of different composition and 
degree of moisture, except wet, on forest glades in thin dry 
pine forests. 

 
Metrioptera (Roeseliana) roeselii (Hagenbach, 1822) 

Literature. Feoktistov 2011; Ruchin et al. 2013. 

Material.cord. Novenkovsky, 13.VII.2014, 1 ex.; ibid, 
26.VI.2016, 2 ex., Zvonov А.А.; cord. Srednyaya Melnitsa, 
23.VIII.2017, 1 ex., Mikhailenko A.P.; cord. Plotomoyka, 
23.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 59, 
23.VIII.2016, 1 ex.; quar. 80, 24.VIII.2017, 1 ex., 
Mikhailenko A.P.; quar. 86, 24.VIII.2017, 1 ex., 
Mikhailenko A.P.; quar. 249, 13.VIII.2015, 1 ex.; quar. 
324, 16.VIII.2015, 15.VII.2017, 2 ex.; quar. 351, 
16.VIII.2015, 2 ex.; quar. 368, 24.VIII.2017, 1 ex., 
Mikhailenko A.P.; quar. 377, 03.IX.2016, 1 ex.; quar. 384, 
20.VII.2013, 6 ex.; quar. 393, 20.VIII.2016, 2 ex.; quar. 
399, 17.VIII.2014, 2 ex.; quar. 400, 13.VIII.2015, 1 ex.; 
cord.Taratinskiy, 16.VIII.2015, 4 ex.; ibid, 23.VIII.2017, 1 
ex., Mikhailenko A.P.; quar. 402, 03.IX.2016, 3 ex.; cord. 
Dolgy most, quar. 408, 15.VII.2013, 2 ex.; quar. 413, 
4.VIII.2017, 1 ex.; quar. 434, 22.VIII.2015, 1 ex.; quar. 
421, 03.IX.2016, 6 ex.; cord. Inorsky, 23.VIII.2017, 1 ex., 
Mikhailenko A.P.; quar. 448, 3.VIII.2013, 1 ex.; cord. 
Novenky, 23.VIII.2017, 1 ex., Mikhailenko A.P. 

Biotopes. In meadows, mainly wet, in relief 
depressions, near water, on forest glades, on roadsides and 
other disturbed places with ruderal vegetation. 

 
Pholidoptera griseoaptera (De Geer, 1773) (=cinerea 
(Gmelin in Linnaeus, 1789) 

Literature. Feoktistov 2011; Ruchin et al. 2013. 
Material. cord. Srednyaya Melnitsa, 31.IX.2013, 2 ex.; 

ibid, 23.VIII.2017, 1 ex., Mikhailenko A.P.; cord. 
Plotomoyka, 23.VIII.2017, 1 ex., Mikhailenko A.P.; cord. 
Steklyannyi, 12.VIII.2013, 2 ex.; quar. 338, 3.VII.2016, 1 
nymph; 358/389 quar., 20.V.2013, 1 ex.; quar. 403, 
5.VII.2015, 1 ex.; quar. 408, 19.V.2013, 4.IX.2013, 
08.IX.2014, 7 ex.; cord. Novenky, 23.VIII.2017, 1 ex., 
Mikhailenko A.P.; Pushta, 22.VII.2013, 1 ex. 

Biotopes. On the fringes and glades in deciduous and 
mixed forests. 

Gryllidae 
Gryllus campestris Linnaeus, 1758 

Literature. Ruchin et al. 2013. 
Biotopes. Floodplain meadows, on elevated dry plots 

with a dilute grass cover, in mink. Position is highly local. 
 

Modicogryllus frontalis (Fieber, 1844)  
Literature. Feoktistov 2011; Ruchin et al. 2013. 
Material. Pushta, 1.IV.2012, 12.V.2014, 2 ex.; cord. 

Inorsky, 21.V.2016, 1 ex. 
Biotopes. In the meadows, near the dwelling, it is 

attracted to the light and falls into the premises. It is locally 
rare, known only in the Mordovia State Nature Reserve. 

Gryllotalpidae 
Gryllotalpa gryllotalpa (Linnaeus, 1758)  
Literature. Plavilshchikov 1964; Ruchin et al. 2013. 
Material. quar. 85, 24.VIII.2017, 1 ex., Mikhailenko 

A.P.; quar. 401, 23.VIII.2017, 1 ex., Mikhailenko A.P.; 
cord. Novenkovsky, 26.VI.2016, 1 ex., Zvonov А.А.; 
Pushta, 12.V.2013, 25.V.2015, 19.VIII.2016, 27.VIII.2017, 
8 ex. 
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Biotopes. Floodplain meadows, as a rule, near water, in 
wet peaty or sandy-silty soil. 

Tetrigidae 
Tetrix subulata (Linnaeus, 1758)  

Literature. Feoktistov 2011; Ruchin et al. 2013. 
Material. cord. Srednyaya Melnitsa, 29.V.2013, 

27.VI.2013, 1.VIII.2013, 5 ex.; quar. 59, 23.VIII.2016, 1 
ex.; cord. Steklyannyi, 28.V.2013, 1 ex.; cord. Podrubny, 
9.VI.2013, 1 ex.; quar. 278, 14.V.2016, 4 ex.; quar. 
358/389, 20.V.2013, 14.VI.2013, 7 ex.; quar. 368, 
10.V.2015, 1 ex.; quar. 377, 03.IX.2016, 2 ex.; quar. 402, 
03.IX.2016, 1 ex.; quar. 404, 26.V.2016, 1 ex.; quar. 408, 
19.V.2013, 31.VII.2013, 4.IX.2013, 5.V.2015, 
23.VIII.2016, 20.V.2017, 54 ex.; quar. 421, 11.V.2014, 
03.IX.2016, 10 ex.; quar. 424, 23.VIII.2016, 2 ex.; quar. 
430, 12.VI.2016, 1 ex.; quar. 431, 9.V.2013, 2 ex.; cord. 
Drozhdenovsky, quar. 434, 18.VIII.2013, 1 ex.; quar. 435, 
13.VI.2016, 1 ex.; cord. Inorsky, 9.VI.2013, 10.V.2013, 
19.IV.2014, 23.VIII.2016, 14.V.2017, 8 ex.; quar. 448, 
3.VIII.2013, 1 ex.; Pushta, 30.IV.2013, 1.V.2013, 
27.V.2013, 12.IX.2017, 8 ex. 

Biotopes. In various habitats with low vegetation, 
except dry: near water, in meadows, glades. 

 
Tetrix tenuicornis (Sahlberg, 1893)  

Literature. Ruchin et al. 2013. 
Material. quar. 408, 31.VII.2013, 4.IX.2013, 32 ex.; 

cord. Novenky, 23.VIII.2017, 1 ex., Mikhailenko A.P. 
Biotopes. In humid and moderately humid habitats with 

rare vegetation: in meadows, near roads and housing. It is 
locally rare, known only in the Mordovia State Nature 
Reserve. 

 
Tetrix bipunctata (Linnaeus, 1758) 

Literature. Feoktistov 2011; Ruchin et al. 2013. 
Material. cord. Srednyaya Melnitsa, 23.VIII.2017, 1 

ex., Mikhailenko A.P.; quar. 308, 11.VI.2016, 2 ex.; quar. 
338, 21.VII.2013, 3.VII.2016, 2 ex.; quar. 345, 
22.VIII.2015, 1 ex.; quar. 384, 20.VII.2013, 10.V.2016, 2 
ex.; quar. 368, 21.VII.2013, 10.V.2015, 2 ex.; quar. 386, 
27.V.2016, 1 ex.; quar. 387, 23.VIII.2015, 1 ex.; quar. 407, 
21.V.2016, 3 ex.; 408 quar., 27.VI.2013, 4.IX.2013, 4 ex.; 
quar. 417, 3.VI.2016, 1 ex.; 420, 31.V.2015, 1 ex.; quar. 
427, 30.VI.2014, 10.VIII.2016, 3 ex.; quar. 424, 
23.VIII.2016, 1 ex.; quar. 431, 2.VI.2016, 2 ex.; quar. 434, 
22.VIII.2015, 1 ex.; cord. Inorsky, quar. 436, 17.VIII.2013, 
1 ex.; quar. 442, 2.VI.2016, 2 ex. 

Biotopes. In all points where there are pines: light 
forests, forest glades, edges. 

Acrididae 
Podisma pedestris (Linnaeus, 1758) 

Literature. Redikortsev 1938; Ruchin and Mikhailenko 
2013; Mikhailenko and Ruchin 2015. 

Material. cord. Novenkovsky, 13.VII.2014, 2 ex.; quar. 
86, cord. Steklyannyi, 12.VII.2014, 1 larva. 

Biotopes. Sites with a rare grass cover and bald patches 
of sand in sparse old-growth pine forests. It is locally rare, 
known only in the Mordovia State Nature Reserve. 

** Calliptamus italicus (Linnaeus, 1758)  
Material. quar. 86, 24.VIII.2017, 1 ex.; quar. 368, 

21.VII.2013, 24.VIII.2014, 35 ex.; Pushta, 20.VIII.2017, 2 
ex. 

Biotopes. Dry and warmed glades in pine forests, areas 
with low and rare vegetation. It is locally rare, known only 
in the Mordovia State Nature Reserve. 

 
? Stenobothrus nigromaculatus (Herrich-Schaffer, 1840) 

Literature. Plavilshchikov 1964; Ruchin et al. 2013; 
Mikhailenko and Ruchin 2015. 

Note. From the Mordovia Reserve it is known only 
from the literature. 

 
Stenobothrus lineatus (Panzer, 1796) 

Literature. Plavilshchikov 1964. 
Material. quar. 368, 21.VII.2013, 24.VIII.2014, 4 ex.; 

ibid, 24.VIII.2017, 1 ex., Mikhailenko A.P.; cord. Inorsky, 
23.VIII.2017, 1 ex., Mikhailenko A.P. 

Biotopes. In dry herbaceous associations with a dilute 
grass cover: in steppe meadows and glades in pine forests. 

 
Omocestus viridulus (Linnaeus, 1758) 

Literature. Plavilshchikov 1964. 
Material. quar. 79, 28.VII.2015, 1 ♀.; quar. 376, 

19.VI.2016, 1 ♀. 
Biotopes. In wet habitats on floodplain meadows. 
 

? Omocestus rufipes (Zetterstedt, 1821) (=ventralis 
(Zetterstedt, 1821)) 

Literature. Plavilshchikov 1964. 
Note. Known only from the literature. 
 

Omocestus haemorrhoidalis (Charpentier, 1825) 
Literature. Redikortsev 1938. 
Material. quar. 142, 11.VII.2015, 4 ex.; quar. 368, 

21.VII.2013, 4.VII.2015, 5 ex.; ibid, 24.VIII.2017, 1 ex., 
Mikhailenko A.P.; cord. Dolgy most, 14.VII.2013, 
15.VII.2013, 3 ex.; quar. 427, 10.VIII.2016, 1 ex.; cord. 
Inorsky, quar. 436, 1.VIII.2015, 2 ex.; Pushta, 27.VII.2013, 
1 ex. 

Biotopes. In a variety of dry habitats, on forest glades, 
where it prefers sites with a rare grass cover. 

 
Myrmeleotettix maculatus (Thunberg, 1815) 

Literature. Redikortsev 1938; Ruchin et al. 2013; 
Mikhailenko and Ruchin 2015. 

Material. quar. 86, cord. Steklyannyi, 12.VII.2014, 
4.VIII.2015, 4.VIII.2015, 54 ex.; ibid, 24.VIII.2017, 1 ex., 
Mikhailenko A.P.; quar. 368, 21.VII.2013, 24.VIII.2014, 
24.VIII.2017, 9 ex.; ibid, 24.VIII.2017, 1 ex., Mikhailenko 
A.P. 

Biotopes. On glades in dry sandy pines. It is locally 
rare, known only in the Mordovia State Nature Reserve. 

 
?Chorthippus (Chorthippus) albomarginatus (De Geer, 
1773) 

Literature. Redikortsev 1938; Plavilshchikov 1964. 
Note. It is known only from literature data so far. In the 

republic, as a whole, it populates meadows of various 
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types, mostly wet. It is locally rare, known only in the 
Mordovia State Nature Reserve. 

 
Chorthippus (Chorthippus) dorsatus (Zetterstedt, 1821)  

Literature. Plavilshchikov 1964; Ruchin et al. 2013. 
Material. cord. Srednyaya Melnitsa, 23.VIII.2017, 1 

ex., Mikhailenko A.P.; cord. Plotomoyka, 3.VIII.2014, 1 
ex.; ibid, 23.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 59, 
23.VIII.2016, 3 ex.; quar. 80, 24.VIII.2017, 1 ex., 
Mikhailenko A.P.; quar. 86, 24.VIII.2017, 1 ex., 
Mikhailenko A.P.; quar. 249, 13.VIII.2015, 1 ex.; quar. 
324, 16.VIII.2015, 2 ex.; quar. 342, 22.VIII.2015, 2 ex.; 
quar. 368, 21.VII.2013, 24.VIII.2014, 4 ex.; ibid, 
24.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 377, 
03.IX.2016, 1 ex.; quar. 384, 23.VIII.2015, 2 ex.; cord. 
Taratinsky, 16.VIII.2015, 1 ex.; quar. 417, 20.VIII.2016, 2 
ex.; quar. 420, 6.VIII.2017, 1 ex.; quar. 421, 03.IX.2016, 1 
ex.; cord. Drozhdenovsky, quar. 434, 18.VIII.2013, 2 ex.; 
cord. Inorsky, quar. 436, 1.VIII.2015, 3 ex.; ibid, 
23.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 448, 
3.VIII.2013, 1 ex.; cord. Novenkiy, 23.VIII.2017, 1 ex., 
Mikhailenko A.P.; Pushta, 27.VII.2013, 12.IX.2017, 4 ex. 

Biotopes. In meadows of different degrees of 
moistening, forest glades. 

 
Chorthippus (Glyptobothrus) brunneus (Thunberg, 1815) 

Literature. Plavilshchikov 1964; Ruchin et al. 2013. 
Material. quar. 80, 24.VIII.2017, 1 ex., Mikhailenko 

A.P.; quar. 85, 24.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 
86, 24.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 303, 
18.VII.2016, 1 ex.; quar. 330, 4.VIII.2013, 6 ex.; quar. 368, 
21.VII.2013, 21.VII.2013, 4 ex.; ibid, 24.VIII.2017, 1 ex., 
Mikhailenko A.P.; quar. 408, 14.VII.2013, 1 ex.; quar. 409, 
10.VIII.2016, 1 ex.; cord. Inorsky, 23.VIII.2017, 1 ex., 
Mikhailenko A.P.; cord. Novenky, 23.VIII.2017, 1 ex., 
Mikhailenko A.P.; Pushta, 27.VII.2013, 2 ex. 

Biotopes. In meadows of various types, except wet, on 
forest glades, clearings and other disturbed places. 

 
Chorthippus (Glyptobothrus) biguttulus (Linnaeus, 1758)  

Literature. Ruchin et al. 2013. 
Material. cord. Srednyaya Melnitsa, 23.VIII.2017, 1 

ex., Mikhailenko A.P.; cord. Plotomoyka, 23.VIII.2017, 1 
ex., Mikhailenko A.P.; quar. 80, 24.VIII.2017, 1 ex., 
Mikhailenko A.P.; quar. 85, 24.VIII.2017, 1 ex., 
Mikhailenko A.P.; quar. 86, 24.VIII.2017, 1 ex., 
Mikhailenko A.P.; quar. 330, 4.VIII.2013, 3 ex.; quar. 368, 
24.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 401, 
23.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 408, 
23.VIII.2016, 1 ex.; quar. 417, 20.VIII.2016, 1 
ex.;cord.Drozhdenovsky, quar. 434, 18.VIII.2013, 8 ex.; 
cord. Inorsky, quar. 436, 17.VIII.2013, 5 ex.; ibid, 
23.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 448, 
3.VIII.2013, 5 ex.; cord. Novenky, 23.VIII.2017, 1 ex., 
Mikhailenko A.P.; Pushta, 27.VII.2013, 11.IX.2017, 
12.IX.2017, 5 ex. 

Biotopes. In meadows, forest clearings and glades, 
areas with disturbed grass cover, near housing. 
Chorthippus (Glyptobothrus) mollis (Charpentier, 1825) 

Literature. Feoktistov 2011. 

Material. quar. 79, 24.VIII.2017, 1 ex., Mikhailenko 
A.P.; quar. 86, 24.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 
324, 15.VII.2017, 1 ex.; quar. 368, 24.VIII.2017, 1 ex., 
Mikhailenko A.P.; quar. 384, 20.VII.2013, 1 ex.; 
cord.Taratinsky, 16.VIII.2015, 1 ex.; cord. Inorsky, quar. 
436, 17.VIII.2013, 5 ex.; ibid, 23.VIII.2017, 1 ex., 
Mikhailenko A.P.; Pushta, 11.IX.2017, 2 ex. 

Biotopes. In dry and steppe meadows, on clearings, 
glades and fires in dry pine forests. 

 
Chorthippus (Glyptobothrus) apricarius (Linnaeus, 1758)  

Literature. Redikortsev 1938; Plavilshchikov 1964; 
Ruchin et al. 2013. 

Material. cord. Novenkovsky, 13.VII.2014, 2 ex.; ibid, 
26.VI.2016, 1 ex., Zvonov А.А.; cord. Srednyaya Melnitsa, 
23.VIII.2017, 1 ex., Mikhailenko A.P.; cord. Plotomoyka, 
3.VIII.2014, 1 ex.; ibid, 23.VIII.2017, 1 ex., Mikhailenko 
A.P.; quar. 59, 23.VIII.2016, 2 ex.; quar. 79, 28.VII.2015, 2 
ex.; quar. 80, 24.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 
85, 24.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 249, 
13.VIII.2015, 8 ex.; quar. 274, 13.VIII.2015, 1 ex.; quar. 
276, 20.VII.2014, 3 ex.; quar. 283, 4.VII.2015, 3 ex.; quar. 
288, 4.VII.2015, 1 ex.; cord. Podrubny, 19.VII.2016, 1 ex.; 
quar. 322, 13.VIII.2015, 3 ex.; quar. 324, 16.VIII.2015, 4 
ex.; quar. 330, 4.VIII.2013, 3 ex.; quar. 331, 18.VII.2016, 1 
ex.; quar. 338, 21.VII.2013, 1 ex.; quar. 342, 22.VIII.2015, 
6 ex.; quar. 351, 16.VIII.2015, 3 ex.; quar. 357, 
4.VIII.2013, 1 ex.; quar. 360, 27.VII.2014, 23.VIII.2015, 9 
ex.; quar. 368, 21.VII.2013, 24.VIII.2014, 4.VII.2015, 12 
ex.; ibid, 24.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 384, 
20.VII.2013, 27.VII.2014, 15 ex.; quar. 387, 23.VIII.2015, 
2 ex.; quar. 393, 20.VIII.2016, 1 ex.; quar. 397, 
6.VIII.2017, 1 ex.; quar. 398, 24.VII.2016, 4 ex.; quar. 399, 
17.VIII.2014, 24.VII.2016, 4 ex.; quar. 401, 23.VIII.2017, 
1 ex., Mikhailenko A.P.; quar. 405, 5.VII.2015, 1 ex.; cord. 
Dolgy most, 15.VII.2013, 23.VIII.2016, 9 ex.; quar. 409, 
10.VIII.2016, 1 ex.; quar. 411, 7.VII.2016, 1 ex.; quar. 419, 
6.VIII.2017, 1 ex.; quar. 420, 6.VIII.2017, 1 ex.; quar. 421, 
03.IX.2016, 2 ex.; quar. 424, 23.VIII.2016, 4 ex.; quar. 
427, 23.VIII.2015, 10.VIII.2016, 11 ex.; quar. 434, 
22.VIII.2015, 3 ex.; cord. Inorsky, quar. 436, 17.VIII.2013, 
1.VIII.2015, 28.VI.2015, 8 ex.; ibid, 23.VIII.2017, 1 ex., 
Mikhailenko A.P.; quar. 440, 10.VIII.2016, 6 ex.; quar. 
446, 13.VIII.2016, 2 ex.; quar. 448, 3.VIII.2013, 2 ex.; 
cord. Novenky, 23.VIII.2017, 1 ex., Mikhailenko A.P.; 
Pushta, 27.VII.2013, 9 ex. 

Biotopes. In meadows and forest glades, in sparse pine 
forests, near roadsides and in various secondary herbaceous 
associations. 

Chorthippus (Glyptobothrus) pullus (Philippi, 1830)  
Literature. Plavilshchikov 1964. 
Material. quar. 338, 3.VII.2016, 1 ♀. 
Biotopes. On glades in dry sandy pines. It is locally 

rare, known only in the Mordovia State Nature Reserve. 

Chorthippus (Pseudochorthippus) parallelus (Zetterstedt, 
1821)  

Literature. Ruchin et al. 2013. 
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Material. cord. Srednyaya Melnitsa, 23.VIII.2017, 1 
ex., Mikhailenko A.P.; cord. Plotomoyka, 23.VIII.2017, 1 
ex., Mikhailenko A.P.; quar. 249, 13.VIII.2015, 2 ex.; cord. 
Podrubny, 19.VII.2016, 1 ex.; quar. 322, 13.VIII.2015, 2 
ex.; quar. 324, 16.VIII.2015, 4 ex.; quar. 330, 4.VIII.2013, 
2 ex.; quar. 331, 18.VII.2016, 1 ex.; quar. 338, 
21.VII.2013, 24.VIII.2014, 12 ex.; quar. 368, 24.VIII.2017, 
1 ex.; quar. 384, 20.VII.2013, 7 ex.; quar. 393, 
20.VIII.2016, 1 ex.; quar. 397, 17.VIII.2014, 6.VIII.2017, 3 
ex.; quar. 398, 24.VII.2016, 2 ex.; quar. 399, 17.VIII.2014, 
24.VII.2016, 4 ex.; cord. Polyansky, 17.VIII.2014, 1 ex.; 
cord. Dolgy most, 14.VII.2013, 15.VII.2013, 23.VIII.2016, 
6 ex.; quar. 413, 4.VIII.2017, 2 ex.; quar. 419, 6.VIII.2017, 
1 ex.; quar. 421, 03.IX.2016, 1 ex.; cord. Drozhdenovsky, 
quar. 434, 18.VIII.2013, 22.VIII.2015, 5 ex.; cord. Inorsky, 
quar. 436, 17.VIII.2013, 1.VIII.2015, 28.VI.2015, 
23.VIII.2016, 15 ex.; ibid, 23.VIII.2017, 1 ex., 
Mikhailenko A.P.; quar. 417, 20.VIII.2016, 1 ex.; quar. 
420, 6.VIII.2017, 4 ex.; quar. 440, 10.VIII.2016, 3 ex.; 
quar. 448, 3.VIII.2013, 4 ex.; cord. Novenky, 23.VIII.2017, 
1 ex., Mikhailenko A.P.; Pushta, 27.VII.2013, 12.IX.2017, 
5 ex. 

Biotopes. In meadows of different degree of 
moistening, mainly on wet, on forest glades and in 
woodlands, near roads and other disturbed places. 

 
?Stauroderus scalaris (Fischer von Waldheim, 1846)  

Literature. Plavilshchikov 1964. 
Note. Known only from the literature. 
 

Gomphocerippus rufus (Linnaeus, 1758) (=Gomphocerus 
rufus (Linnaeus, 1758) 

Literature. Redikortsev 1938. 
Material. quar. 330, 4.VIII.2013, 1 ex.; quar. 338, 

21.VII.2013, 1 ex.; quar. 342, 22.VIII.2015, 1 ex.; quar. 
360, 23.VIII.2015, 2 ex.; quar. 368, 24.VIII.2014, 1 ex.; 
ibid, 24.VIII.2017, 1 ex., Mikhailenko A.P.;quar. 386, 
7.VII.2016, 1 nymph; . 387, 23.VIII.2015, 8 ex.; quar. 393, 
20.VIII.2016, 2 ex.; quar. 399, 17.VIII.2014, 1 ex.; quar. 
409, 10.VIII.2016, 1 ex.; quar. 413, 9.VIII.2014, 4 ex.; 
quar. 424, 23.VIII.2016, 1 ex.; quar. 427, 20.VII.2013, 
23.VIII.2015, 10.VIII.2016, 5 ex.; cord. Inorsky, quar. 436, 
28.VI.2015, 1 ex. 

Biotopes. On forest glades and in dry sparse forests, 
including in artificial ecotones (clearings, roadsides of 
forest roads). 

 
Dociostaurus brevicollis (Eversmann, 1848)  

Literature. Plavilshchikov 1964. 
Material. cord. Novenkovsky, 13.VII.2014, 2 ex.; cord. 

Steklyannyi, 12.VII.2014, 4.VIII.2015, 3 ex.; quar. 142, 
11.VII.2015, 3 ex.; quar. 303, 18.VII.2016, 2 ex.; quar. 
368, 24.VIII.2014, 1 ex. 

Biotopes. In steppe meadows, forest clearings with a 
dilute grass cover in dry sandy pines, on sites with 
disturbed vegetation. It is locally rare, known only in the 
Mordovia State Nature Reserve. 
Chrysochraon dispar (Germar, 1835)  

Literature. Redikortsev 1938; Ruchin et al. 2013. 

Material. cord. Novenkovsky, 13.VII.2014, 1 ex.; cord. 
Srednyaya Melnitsa, 23.VIII.2017, 1 ex., Mikhailenko 
A.P.; cord. Plotomoyka, 23.VIII.2017, 1 ex., Mikhailenko 
A.P.; quar. 80, 24.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 
85, 24.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 86, 
24.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 324, 
15.VII.2017, 1 ex.; quar. 402, 03.IX.2016, 1 ex.; cord. 
Inorsky, quar. 436, 28.VI.2015, 1 ex.; cord. Novenky, 
23.VIII.2017, 1 ex., Mikhailenko A.P. 

Biotopes. In wet meadows in river floodplains and in 
relief depressions, on forest glades with similar conditions. 

 
Euthystira brachyptera (Ocskay, 1828)  

Literature. Plavilshchikov 1964; Ruchin et al. 2013. 
Material. cord. Novenkovsky, 13.VII.2014, 1 ex.; ibid, 

26.VI.2016, 2 ex., Zvonov А.А.; cord. Srednyaya Melnitsa, 
23.VIII.2017, 1 ex., Mikhailenko A.P.; cord. Plotomoyka, 
3.VIII.2014, 1 ex.; ibid, 23.VIII.2017, 1 ex., Mikhailenko 
A.P.; quar. 59, 23.VIII.2016, 1 ex.; quar. 82, 28.VII.2015, 1 
ex.; quar. 80, 24.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 
86, 24.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 142, 
11.VII.2015, 1 ex.; quar. 249, 13.VIII.2015, 3 ex.; quar. 
274, 13.VIII.2015, 1 ex.; quar. 288, 4.VII.2015, 1 ex.; quar. 
322, 13.VIII.2015, 1 ex.; quar. 324, 16.VIII.2015, 
15.VII.2017, 5 ex.; quar. 330, 4.VIII.2013, 1 ex.; quar. 331, 
18.VII.2016, 2 ex.; quar. 338, 21.VII.2013, 3.VII.2016, 2 
ex.; quar. 342, 22.VIII.2015, 2 ex.; quar. 345, 22.VIII.2015, 
3 ex.; quar. 347, 23.VIII.2016, 2 ex.; quar. 360, 
23.VIII.2015, 27.VII.2014, 3 ex.; quar. 368, 24.VIII.2017, 
1 ex., Mikhailenko A.P.; quar. 370, 4.VII.2015, 1 ex.; quar. 
384, 23.VIII.2015, 27.VII.2014, 3 ex.; quar. 386, 
7.VII.2016, 1 ex.; quar. 397, 17.VIII.2014, 6.VIII.2017, 3 
ex.; quar. 398, 24.VII.2016, 4 ex.; quar. 399, 17.VIII.2014, 
24.VII.2016, 5 ex.; cord. Polyansky, 3.VII.2016, 1 ex., 
Zvonov А.А.; cord. Taratinsky, 16.VIII.2015, 1 ex.; quar. 
402, 03.IX.2016, 1 ex.; cord. Dolgy most, 14.VII.2013, 
15.VII.2013, 23.VIII.2016, 5 ex.; quar. 411, 7.VII.2016, 3 
ex.; quar. 413, 4.VIII.2017, 1 ex.; quar. 417, 20.VIII.2016, 
3 ex.; quar. 419, 6.VIII.2017, 2 ex.; quar. 420, 6.VIII.2017, 
1 ex.; quar. 421, 8.VI.2014, 03.IX.2016, 4 ex.; quar. 427, 
10.VIII.2016, 1 ex.; quar. 434, 22.VIII.2015, 1 ex.; cord. 
Inorsky, quar. 436, 28.VI.2015, 1.VIII.2015, 23.VIII.2016, 
5 ex.; ibid, 23.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 
440, 10.VIII.2016, 3 ex.; quar. 448, 3.VIII.2013, 2 ex.; 
cord. Novenky, 23.VIII.2017, 1 ex., Mikhailenko A.P.; 
Pushta, 27.VII.2013, 30.VII.2013, 6 5 ex. 

Biotopes. In meadows of various types and degree of 
moistening, except wet, on glades and in thin pine forests. 

Stethophyma grossum (Linnaeus, 1758) (=Mecostethus 
grossus (Linnaeus, 1758)) 

Literature. Redikortsev 1938; Plavilshchikov 1964; 
Ruchin et al. 2013. 

Material. quar. 402, 03.IX.2016, 1 ex.; quar. 420, 
22.VIII.2015, 1 ex.; quar. 421, 03.IX.2016, 3 ex.; cord. 
Inorsky, 8.VII.2013, 1 ex., StoykoT.G.; Pushta, 
29.IX.2017, 1 ex. 

Biotopes. In the flood meadows, along the banks of 
reservoirs, in swamps and damp meadows in relief 
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depressions. It is locally rare, known only in the Mordovia 
State Nature Reserve. 

 
? Locusta migratoria Linnaeus, 1758  

Literature. Plavilshchikov 1964. 
Note. Known only from the literature. 
 

Psophus stridulus (Linnaeus, 1758) 
Literature. Redikortsev 1938; Plavilshchikov 1964; 

Ruchin et al. 2013; Mikhailenko and Ruchin 2015. 
Material. quar. 413, 9.VIII.2014, 2 ex. 
Biotopes. On clearings and glades in dry pine forests. It 

is locally rare, known only in the Mordovia State Nature 
Reserve. 

 
Oedipoda caerulescens (Linnaeus, 1758) 

Literature. Redikortsev 1938; Ruchin et al. 2013. 
Material. cord. Novenkovsky, 13.VII.2014, 4 ex.; quar. 

79, 24.VIII.2017, 4 ex.; quar. 80, 24.VIII.2017, 1 ex., 
Mikhailenko A.P.; quar. 85, 23.VIII.2016, 24.VIII.2017, 15 
ex.; cord. Steklyannyi, 12.VII.2014, 24.VIII.2017, 12 ex.; 
quar. 276, 23.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 
303, 18.VII.2016, 4 ex.; quar. 330, 4.VIII.2013, 4 ex.; quar. 
338, 21.VII.2013, 1 ex.; quar. 368, 21.VII.2013, 7 ex.; ibid, 
24.VIII.2017, 1 ex., Mikhailenko A.P.; quar. 384, 
20.VII.2013, 1 ex.; quar. 424, 4.VIII.2013, 3 ex.; cord. 
Drozhdenovsky, quar. 434, 18.VIII.2013, 4 ex.; cord. 
Inorsky, quar. 436, 17.VIII.2013, 1.VIII.2015, 8 ex.; ibid, 
23.VIII.2017, 1 ex., Mikhailenko A.P.; 

Biotopes. In dry steppe meadows with a rare or 
disturbed grass cover, on clearings in dry and sparse sandy 
pines, roadsides, on glades and old fires, free of woody 
vegetation. It is locally rare, known only in the Mordovia 
State Nature Reserve. 

 
? Bryodemella tuberculata (Fabricius, 1775) (=Bryodema 
tuberculatum (Fabricius, 1775)) 

Literature. Redikortsev 1938; Plavilshchikov 1964. 
Note. Known only from the literary data. 
 

Sphingonotus caerulans (Linnaeus, 1767) 
Literature. Mikhailenko and Ruchin 2015. 
Material. quar. 79, 24.VIII.2017, 2 ex., Mikhailenko 

A.P.; quar. 80, 24.VIII.2017, 1 ex.; quar. 85, 24.VIII.2017, 
1 ex., Mikhailenko A.P.; cord. Steklyannyi, quar. 86, 
12.VII.2014, 4.VIII.2015, 5 ex.; ibid, 24.VIII.2017, 1 ex., 
Mikhailenko A.P.; quar. 278, 18.VII.2016, 1 ex.; quar. 303, 
18.VII.2016, 3 ex. 

Biotopes. On glades in dry sandy pine forests, on slopes 
of railways with rare vegetation. It is locally rare, known 
only in the Mordovia State Nature Reserve. 

Discussion  
The fauna of mantids and orthopterans of the Mordovia 

Reserve covers recently 1 species and 44 species, 
respectively. The most numerous family are Acrididae-27 
species, followed by Tettigonidae-11 species, Gryllidae-2 
species, Gryllotalpidae-1 species, Tetrigidae-3 species of 
the same genus. 

Conocephalus fuscus was first noted for the fauna of the 
Republic of Mordovia. This widespread species in the 
forest-steppe has penetrated the meadow biotopes deeper 
into the forest zone in recent years (Kleukers et al. 1996; 
Karmazina and Shulaev 2009; Ozersky 2012 missing in 
ref). Another species actively dispersed in the northern and 
north-eastern directions is Mantis religiosa. For the first 
time in the territory of Mordovia, it was registered in the 
very hot year 2010 (Bolshakov et al. 2010). Later mantises 
began to be found everywhere in the republic. However, in 
general, the findings were made in open biotopes, i.e. on 
meadows, roadsides, kitchen gardens, clearings, in sparse 
forest shelter belts (Ruchin 2014). For the first time, 2 
findings of mantids were recorded in the territory of Pushta 
in the Mordovia Reserve in 2015 (Ruchin 2016). Then it 
began to be found in the depths of the forest in 2016. Thus, 
the mantis was active in all kinds of natural biotopes, not 
limited to open ones. Calliptamus italicus was first 
recorded for the fauna of the Mordovia Reserve. This 
thermophilic species, which is characteristic of the more 
southern subzones, chooses the most warmed biotopes 
here. All the individuals caught in the Mordovia State 
Nature Reserve are closer to the solitary phase by wing 
proportions, so we do not consider it is a recent invader. 

Six species (Stenobothrus nigromaculatus, Omocestus 
rufipes, Chorthippus albomarginatus, Stauroderus scalaris, 
Locusta migratoria, Bryodemella tuberculata) were noted 
in studies of the first half of the 20th century, but have not 
been found yet. 

Stenobothrus nigromaculatus in the main part of the 
range, including in Mordovia (Bei-Bienko and Mishenko 
1964; Krištín et al. 2013; Ruchin et al. 2017), is confined to 
steppe grassy associations with open grass and limestone 
outcrops. In the Mordovia State Nature Reserve there are 
possible findings of this species on dry warmed edges of 
pine forests with similar conditions. On the main part of the 
range, including in Mordovia, it is confined to steppe 
grassy associations with open grass and limestone outcrops. 
Findings are possible on dry warmed edges of pine forests 
with similar conditions.  

Omocestus rufipes is a highly local species with late 
phenology, usually confined to riverine dunes, fringes and 
glades in pine forests. It is rare even in the southern regions 
of Russia (Savitsky 2005), it was previously also quoted 
from the Vladimir region (Derevyanko 2002) without 
specifying the material. We have not confirmed it yet. Ch. 
albomarginatus was found twice on the fringes of the 
forests in the republic (our unpublished data). S. scalaris is 
widely distributed in the Palearctic from Europe to 
Transbaikalia. It enters the south of the taiga zone, it is 
quite common in the forest-steppe and in the north of the 
steppe zone, it is found southward locally (Carlsson and 
Kindvall 2011; Sergeev 2014). It cannot be excluded that 
this grasshopper is present in the fauna of the Mordovia 
State Nature Reserve, because the species was found 30 km 
west of its territory, in the Tengushevo district of the 
Republic of Mordovia (our unpublished data). It was also 
noted in the Vladimir region (Derevyanko 2002), but 
without specifying the material. 
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Also, in the fauna list, L. migratoria is omitted. This 
species is indicated earlier (Predchetenskiy 1925; Zolotarev 
1936; Plavilshchikov 1964; Oliger 1971) for the territory of 
Temnikov district, and its flights and temporary habitat in 
suitable biotopes are not ruled out in the Mordovia 
Reserve. 

We omit B. tuberculata in the list of fauna of the 
Mordovia State Nature Reserve, because not so long ago 
this species was observed both north and south of the 
Republic of Mordovia, for example, in Vladimir 
(Derevyanko 2002; Eremkin 2014) and Penza 
(Polumordvinov 2013) areas. This species is very local and 
confined to undisturbed psammophytic biotopes. It was 
also mentioned by Predtechensky (1925) for the Anaevsky 
volost of the Spassky district of the Penza province (now 
Zubova Polyana district of Republic of Mordovia).  

Considering the representation in the collections of 
certain species of Mantodea and Orthoptera of the 
Mordovia State Nature Reserve, we point out that these 
data, in a first approximation, reflect the relative abundance 
of species in biotopes, as a result of the use of standardized 
accounting methods.  

Species found in many studied sites of the Mordovia 
State Nature Reserve are the following: Phaneroptera 
falcata, Conocephalus fuscus, Tettigonia viridissima, 
Tettigonia cantans, Decticus verrucivorus, Metrioptera 
bicolor, Metrioptera roeselii, Pholidoptera griseoaptera, 
Tetrix subulata, Tetrix bipunctata, Omocestus 
haemorrhoidalis, Chorthippus dorsatus, Chorthippus 
brunneus, Chorthippus biguttulus, Chorthippus mollis, 
Chorthippus apricarius, Chorthippus parallelus, 
Gomphocerippus rufus, Chrysochraon dispar, Euthystira 
brachyptera, Oedipoda caerulescens. 

Species from a few sites are Mantis religiosa, 
Tettigonia caudata, Metrioptera brachyptera, Gryllotalpa 
gryllotalpa, Stenobothrus lineatus, Myrmeleotettix 
maculatus, Dociostaurus brevicollis, Stethophyma 
grossum, Sphingonotus caerulans. Species marked only in 
selected sites are as follows: Conocephalus dorsalis, 
Gryllus campestris, Tetrix tenuicornis, Podisma pedestris, 
Calliptamus italicus, Modicogryllus frontalis, Omocestus 
viridulus, Chorthippus pullus, Psophus stridulus. 

Polytopic species which inhabit a variety of biotopes 
(meadows of different types and degree of moisture, sparse 
forests of various composition, forest glades and fringes, 
clearings, near water, roadsides and other disturbed places 
with ruderal vegetation, near housing, some of them come 
across on a bush and trees and sometimes fly to light): 
Tettigonia viridissima, Tettigonia cantans, Decticus 
verrucivorus, Metrioptera bicolor, Metrioptera roeselii, 
Pholidoptera griseoaptera, Tetrix subulata, Tetrix 
tenuicornis, Chorthippus dorsatus, Chorthippus brunneus, 
Chorthippus biguttulus, Chorthippus apricarius, 
Chorthippus parallelus, Euthystira brachyptera. Local 
species, confined to clearly restricted biotopes, we divided 
into three groups. 

Types of intrazonal habitats (these are usually marshes, 
river floodplains, wet meadows, more rarely their 
fragments in relief depressions and forest glades with 
similar conditions, some species are found directly near 

water on coastal grassy vegetation or in the ground): 
Conocephalus dorsalis, Gryllotalpa gryllotalpa, Omocestus 
viridulus, Chrysochraon dispar, Stethophyma grossum. 

Species confined to extrazonal ? habitats, occurring in 
more or less significant separation from their continuous 
range or steppe species inhabiting biotopes which are 
uncharacteristic but suitable for temperature and water 
regime. Most of these species fly well, and we cannot 
unequivocally interpret the origin of all the locations of 
these species, that is, assert the relictness of these locations 
or the periodic irradiation of such species from their refugia 
in the main part of the range: Mantis religiosa, 
Phaneroptera falcata, Conocephalus fuscus, Tettigonia 
caudata, Gryllus campestris, Modicogryllus frontalis, 
Calliptamus italicus, Stenobothrus lineatus, Omocestus 
haemorrhoidalis, Chorthippus mollis, Dociostaurus 
brevicollis, Oedipoda caerulescens, Sphingonotus 
caerulans. 

Species, confined in our subzone to certain 
phytocenoses or vegetation formations (in this case, mainly 
pine forests). These are mostly wingless or non-flying 
species, whose habitats can be considered to be relict, that 
is, the age of which is equal to or greater than the age of the 
given formation: Tetrix bipunctata, Metrioptera 
brachyptera, Podisma pedestris, Chorthippus pullus, 
Gomphocerippus rufus, Myrmeleotettix maculatus, 
Psophus stridulus. 

We consider the last two groups of species, confined to 
the driest and warmest biotopes, as xerophilic. The greatest 
number of species occurs in points that satisfy the 
conditions of existence (suitability) for habitat species from 
different ecological groups. Such conditions are the result 
of heterogeneity, mosaic biotopes, which are often located 
in ecotones (for example, on the border of forest and 
meadow, meadow and water body). 

Special mention should be made of several habitats in 
which the maximum number of species occurs. So, in the 
meadows of the central floodplain of the Moksha (quar. 
401, 402, 421) we encountered 14 species of orthopterans. 
These meadows are surrounded by floodplain oak forests. 
The cereals which are predominant in the herb layer 
composition are the following: Bromus inermis Leyss., 
Alopecurus pratensis L., Dactylis glomerata L., Elymus 
repens (L.) Gould and others, Filipendula ulmaria (L.) 
Maxim., Cirsium arvense (L.) Scop. s.l. Also Rumex 
confertus Willd., Tanacetum vulgare L., Centaurea jacea 
L., Geranium pratense L., Trifolium pratense L., Galium 
boreale L., G. verum L., Alchemilla spp. (Vargot et 
al.2016) were noted. 

A large meadow in the forest (quar. 368) in the vicinity 
of the cordon Zhegalovsky represents a series of adjacent 
biotopes: from the edge of a dry pine tree through sand 
dunes to a small standing water basin in a lowering of the 
relief. Young pine trees grow here (Pinus sylvestris L.), 
settled by self-seeding. The soil cover near them is 
represented by green mosses and lichens, among which 
there are individual shoots of Pilosella officinarum Vaill., 
Potentilla argentea L., Helichrysum arenarium (L.) 
Moench. Closer to the forest boundary a herb layer is 
developed that contains Calamagrostis epigejos (L.) Roth., 
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Elymus repens, Poa pratensis L. s.l, Agrostis capillaris L., 
Hypericum perforatum L., Vicia cracca L., Rumex acetosa 
L., Veronica officinalis L., V. chamaedrys L. and some 
other species (Vargot et al. 2016; Lisovenko et al 2017). 
There are 22 species of orthopterans with different biology. 

The outskirts of the cordon Steklyannyi (quar. 86) 
represent a wide (up to 60 m) clearing in the pine forest, 
where water is accumulated between these roads, there are 
sandy areas which are devoid of vegetation, heathers, 
cranberries and sand-gravel mound. On the slopes of the 
railway there is no continuous vegetation cover. Among the 
gravel, the following forest and meadow species are found 
here: Rubus nessensis Hall, Pteridium aquilinum (L.) 
Kuhn, Trifolium pratense L., Fragaria vesca L., Galium 
mollugo L., Elymus repens, Leucanthemum vulgare (Vaill.) 
Lam., Silene tatarica (L.) Pers., S. vulgaris (Moench) 
Garcke, Medicago sativa L., as well as weeds: Artemisia 
absinthium L., Chenopodium spp., Atriplex spp., Oenothera 
biennis L., Erigeron canadensis L., Lepidium densiflorum 
Schrad., Setaria viridis (L.) P. Beauv., Sambucus racemosa 
L. and other species. Some areas are covered with small 
clumps of green mosses (Khapugin et al. 2013; Vargot et 
al. 2016). 16 species of Mantodea and Orthoptera were 
caught here. 

Also, we would like to note a point with such a 
southern view as Sphingonotus caerulans near the Nizhny 
Novgorod region (on the territory of the Nizhny Novgorod 
region we marked it in Pervomaisk on the side of the 
railway embankment). This species is found in the 
Mordovia State Nature Reserve far beyond the northern 
boundary of its continuous distribution, roughly 
corresponding to the July 24 ° C isotherm (Prisny 2014) 
and on our meridian its findings are by far the most 
northern in the center of European Russia. From the 
Mordovia Reserve S. caerulans has light-colored front 
wings, does not have a dark sling on the hind wings, only a 
few individuals have a slight darkening along their outer 
edge, which suggests that all collected specimens belong to 
the nominative subspecies. Populations of this species in 
the Mordovia State Nature Reserve are occupied by two 
areas divided by a continuous forest area: the northeastern 
quarters and the central part. In the first case, the 
population inhabits the roadside of the railway 
embankment and adjacent territories. Approximately this 
thermophilic species prefer such conditions within its 
range, populating firstly place stone placers, gravel 
deposits (Budrys and Pakalniðkis 2007; Jaun-Holderegger 
and Zettel 2008; Kuravova 2014). The second population 
occurs in the areas burnt in 2010. The habitats are sand 
dunes with a minimal projective covering of grassy 
vegetation here. 

Most of the species of orthopterans living in the 
Mordovia State Nature Reserve are widespread in the forest 
zone and subzone of the forest-steppe of the center of 
European Russia and were noted in the Mordovia Reserve 
earlier. The species, which were not observed by former 
explorers in the reserve, we consider to be recently 
penetrated: Mantis religiosa, Phaneroptera falcata, 
Conocephalus fuscus, Tettigonia caudata. 

Species on the northern border of a continuous area or 
beyond its borders, which were not observed in the Center 
of European Russia until the north of the Mordovia State 
Nature Reserve or were marked locally: Gryllus 
campestris, Modicogryllus frontalis, Calliptamus italicus, 
Sphingonotus caerulans (nominative subspecies). Rare 
species with reduced numbers or disappearing in different 
parts of their ranges are important as indicators of the 
preservation of relic biotopes and fragments of the 
landscape. Their list was proposed by us for inclusion in 
the regional Red Data Book (Mikhailenko and Ruchin 
2015). Such species were more widely distributed in the 
past, and now their preserved habitats are protected: 
Podisma pedestris, Stauroderus scalaris, Stenobothrus 
nigromaculatus, Chorthippus pullus, Myrmeleotettix 
maculatus, Psophus stridulus, Sphingonotus caerulans, 
Bryodemella tuberculata. 

Species diversity of orthopterans in Protected Areas is 
determined mainly by geographical breadth, nature of the 
relief and the variety of their vegetation, and does not 
depend on their area directly (Storozhenko and Sergeeva 
2015).  

Territorial protection, organized since the Mordovia 
State Nature Reserve has been created, provides protection 
of natural landscapes from human transformation. 
Unfortunately, it does not include parts of the northern 
meadow steppe, and meadow areas occupy a relatively 
small area, so the fauna of orthopterans of Mordovia is 
represented in it only partially. List of species of the 
Mordovia Reserve is depleted mainly due to a small 
representation of steppe elements of the fauna of 
orthopterans in it. A number of habitats of steppe 
vulnerable species, also proposed by us for inclusion in the 
Red Data Book of the Republic of Mordovia, is in the 
protected areas below (with a weak protection regime) or 
has no protection at all.  

Factors affecting the species composition and 
abundance of Orthoptera in the Mordovia State Nature 
Reserve are very diverse. For example, forest fires 
temporarily make it possible for xerophilous species with 
good potential for dispersal to settle (Chorthippus spp., Oe. 
caerulescens, S. caerulans). Then, as far as the overgrowth 
of such places is concerned, fires can permanently make an 
area completely unsuitable for the life of orthopterans due 
to the very high density of young birch, aspen, some 
shrubs. Solid fellings under power lines and other 
anthropogenically created xerophytic habitats (railroad 
embankments, curbs cleared of vegetation) allow steppe 
and semidesert elements of the fauna of the region to 
penetrate deep into the forest zone along such «corridors». 

The anthropogenic factor is only one of many causes of 
species dispersal and extinction (Bei-Bienko 1970; 
Kritskaya 1982; Prisny 2007; Hochkirch et al. 2016). The 
climatic changes of recent years exert a powerful influence, 
changing the temperature and water regime in the region, 
which leads not only to the introduction of more southern, 
heat-loving species, but also to changes in the composition 
of vegetation in existing biotopes, which can lead to 
unsuitability for orthopterans (Prisny 2005; Prisny and 
Negin 2012; Hochkirch et al. 2016). Mesophilization of 
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biotopes, associated with global climatic changes, leads to 
the overgrowth of their high grass, shrub and trees and, 
accordingly, to the destruction of meadow and fringe 
complexes of orthopterans living in them. 

The main reason for the decrease in the number and 
disappearance of populations of xerophilous species of 
orthopterans in the Mordovia State Nature Reserve is the 
overgrowing of their stands by forest. The great cattle 
trampled down the trees and brushed shrubs, i.e. reduced 
the degree of overgrowth of biotopes-meadows and glades, 
which were preferable for orthopterans. Therefore, such 
places remained open for a long time, covered with 
xerophytic vegetation with patches of pure sand. Now the 
populations of xerophiles in such biotopes need to be 
maintained with the help of artificial regulatory measures, 
especially relevant for use in years with high amounts of 
precipitation. To preserve the maximum number of 
Orthoptera species, it is necessary to preserve the 
maximum mosaic structure of biotopes, as well as the 
development of regulations for regulatory measures 
(applicable specifically for the given area) aimed at 
increasing it. To do this, it is necessary to exclude 
regenerative forest plantations on the fringes, sand dunes, 
and carry out reclamation work on the glades exposing to 
afforestation. The implementation of measures for the 
creation and expansion of existing ecotones is advisable in 
the neighborhood with habitats of rare species. Frequently, 
for the natural settlement of such species it is sufficient to 
create a temporary «ecological corridor». For non-flying 
species it is necessary to practice artificial settlement in 
such newly created habitats.  
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Abstract. Gifari T, Elfidasari D, Sugoro I. 2018. The effects of contaminant microorganism towards Chelonia mydas eggs hatchery 
results in Pangumbahan Green Sea Turtles Conservation, Sukabumi, Indonesia. Biodiversitas 19: 1207-1212. Green sea turtles 
(Chelonia mydas) is an endangered species, in which its population is continuously decreasing caused by a number of factors. 
Microorganisms are suspected to have important role in declining eggs hatching success. The aim of this study was to investigate the 
role of microbial contaminant on the egg hatching success at the green sea turtles conservation area in Pangumbahan needs. The 
microbial contaminants detection was carried out on the eggs at the semi-natural hatching nest. RAL with three times repetitions was 
selected to figure out the correlation between microbial contaminants and hatching success was. The eggs were incubated at three 
different depths, i.e., 40, 60, and 80 cm. The results showed that the Gram-negative microorganisms were from the coliform bacteria 
such as E. coli, Salmonella and Shigella. Meanwhile, the fungi were dominated by mildew and yeast. The hatching success rate was 
93.34% in 80 cm depth, 85% in 60 cm depth and 60% in 40 cm depth. HSD Tukey test shows the effects of various nesting depths 
towards the hatchery percentage (p≤0.05) with the correlation test of microorganisms contaminant shows negative value meaning the 
level of contaminant microorganism is an inverse proportion to the hatchery results.  

Keywords: Chelonia mydas, contaminant microorganism, eggs hatchery, green sea turtles, Pangumbahan  

INTRODUCTION 

Green sea turtle (Chelonia mydas) characterized by 
dark brown carapace with dark green spots and brown as 
well as yellow-white patterns (Wyneken 2001) is listed as 
one of the endangered species (Seminoff 2004). This shows 
that conservation is needed to protect green sea turtles from 
extinction. A number of factors are known as the causes of, 
the green sea turtles population decline in the world to this 
long and slow life cycle species including poaching, 
damaged habitats and climate change (Prasetyo 2014). The 
high demand for green sea turtles’ eggs and the souvenir of 
green sea turtle's carapace in the black market makes 
poaching hard to stop (Spotila 2004). In addition, the 
conservation effort that had been done in the past years did 
not run optimally due to limited human resources and 
infrastructures. 

Another important factor causes the decline of its 
population is the reduced hatching success of green sea 
turtle eggs due to bacteria contamination (Al-Bahry et al. 
2009). Bacillus sp., Salmonella sp., Citrobacter freundii 
and Mucor sp were often found contaminating the eggs of 
green sea turtles in conservation area in Indonesia, such as 
in Bilang-bilangan Island conservation area, Balikukup 
Islands, Berau District, East Kalimantan, Indonesia (Estika 
2013). Hafnia alvei, Salmonella choleraesuis, Escherichia 
fergusonii, Serratia odorifera, Serratia marcescens, 

Acinetobacter calcoaceticus and Shigella sp. were also 
reported contaminated the eggs of green sea turtles at 
Taman Pesisir Pantai (Coastal Park) Pangumbahan Green 
Sea Turtles conservation area (Wicaksono 2013). 

Previously, it was assumed that the microbial 
contamination of the green sea turtle eggs due to the 
interaction between microorganisms and green sea turtles 
eggs occurred from external environments such as the sand 
and the sea. The microbial contamination of green sea 
turtles eggs might cause the decline in the survivability of 
the eggs so that the eggs would potentially not hatch 
successfully (Phihlott and Parmenter 2001). Thus, 
microbial contamination on the eggs of green sea turtles 
might reduce. Some green sea turtles conservation areas in 
Indonesia.   

The Local Technical Implementing Unit (UPTD) of 
Pangumbahan Sea Turtles conservation is a conservation 
area which focuses on Green Sea Turtles species (Chelonia 
mydas). The conservation activities are started from 
collecting eggs at the nesting areas, eggs relocation, and 
eggs incubation at the semi-natural hatching nest, 
preservation and hatchlings release. The research on 
contaminant microorganisms conducted at this location was 
in 2013, did not describe the source of the contaminant 
microorganisms as well as its effect on hatchery results. It 
was hypothesized that the contaminating bacteria on the sea 
turtles eggs were from the sea water and polluted sand at 
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the Pangumbahan sea turtles conservation area. Therefore, 
a further study is needed to detect
contaminant microorganisms in the area and its correlation 
with the hatchery results. This study was aimed to figure 
out whether the microorganisms affect the decline in green 
sea turtles’ eggs hatchery results in Pangumbahan sea 
turtles conservation area.  

MATERIALS AND METHOD

Study area 
The research was carried out from March to July 2017. 

The turtle egg samples were collected from the Local 
Technical Implementing Unit (UPTD) of Pangumbahan sea 
turtles conservation, Sukabumi, West Java
microorganism presence on the egg samples was carried 
out at the Microbiology Laboratory, the Centre of Isotope 
and Radiation Application, National Nuclear Energy 
Agency (BATAN), South Tangerang, Indonesia

 

 
 

 

Figure 1. The location of semi-natural hatching nest at the Pangumbahan 
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the Pangumbahan sea turtles conservation area. Therefore, 
a further study is needed to detect the source of 
contaminant microorganisms in the area and its correlation 
with the hatchery results. This study was aimed to figure 
out whether the microorganisms affect the decline in green 
sea turtles’ eggs hatchery results in Pangumbahan sea 

MATERIALS AND METHODS 

The research was carried out from March to July 2017. 
The turtle egg samples were collected from the Local 
Technical Implementing Unit (UPTD) of Pangumbahan sea 
turtles conservation, Sukabumi, West Java, Indonesia. The 
microorganism presence on the egg samples was carried 
out at the Microbiology Laboratory, the Centre of Isotope 

National Nuclear Energy 
, South Tangerang, Indonesia. 

Procedures 
Research objects 

The research objects were seawater samples, sand in 
natural nest, the cloaca’s mucous of the sea turtles after 
hatchery, the sand at the semi-
hatchery with different depths, and the fresh eggs and 
unhatched eggs at the Pangumbahan sea turtl
conservation area. 

Tools and materials 
The tools used in this research were cooling box, 

laminar air flow, autoclave, vortex, centrifuge, magnetic 
stirrer, microcentrifuge tube
microscope, incubator, sample tube, SV column
Erlenmeyer, petri dish, beaker glass, pipette tips, micro 
pipette, L rod, ose, spoon, tube and sterile bottle, pH meter, 
multimeter, Bunsen burner, refrigerator, DSLR camera, 
stopwatch, rope, tissue, cotton, gloves, mask, labelling 
paper, plastic wrap and aluminium foil. 
were Nutrient agar (NA) media
media, Salmonella-Shigella Agar (SSA) media, 
Dextrose Agar (PDA) media and 
media, NaCl 0.85%, aquadest, coloring Gram material and 
alcohol 70%.  

  

natural hatching nest at the Pangumbahan Sea Turtles Conservation area, Sukabumi, West Java, Indonesia at
20'52" W  

Semi-natural hatching nest  
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objects were seawater samples, sand in 
natural nest, the cloaca’s mucous of the sea turtles after 

-natural nesting pre and post 
hatchery with different depths, and the fresh eggs and 
unhatched eggs at the Pangumbahan sea turtles 

The tools used in this research were cooling box, 
laminar air flow, autoclave, vortex, centrifuge, magnetic 
stirrer, microcentrifuge tube, analytical balance, 
microscope, incubator, sample tube, SV column, 
Erlenmeyer, petri dish, beaker glass, pipette tips, micro 

ose, spoon, tube and sterile bottle, pH meter, 
multimeter, Bunsen burner, refrigerator, DSLR camera, 

rope, tissue, cotton, gloves, mask, labelling 
aluminium foil.  The materials used 

(NA) media, Mac Conkey Agar (MCA) 
Agar (SSA) media, Potato 

Agar (PDA) media and E. coli Agar (ECA) 
media, NaCl 0.85%, aquadest, coloring Gram material and 
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The process of eggs incubation and hatchery
The eggs were taken from three female parents which 

produced more than 60 eggs per female at natural hatching 
nest in coastal area 2 and 3. The eggs were taken using the 
ditande method (taking the eggs at the same 
hatchery process). Then the eggs were relocated using a 
bucket to a semi-natural hatching nest and were buried in 
less than two hours. The eggs were then randomly selected 
and divided into nine clutches of eggs which then laid at 
three artificial nest depths; they were 80 cm (A), 60 cm 
(B), and, 40 cm (C) depth. There were three replications of 
nests in each depth. Thus there were 9 clutches of 20 eggs 
were incubated. 

Seawater samples were taken from three sea turtles 
drop-zone locations and were kept in the sampling bottles. 
Samples of cloaca mucous weres taken from the three sea 
turtle female parents. Natural sand from three hatchery 
locations and the semi-natural sand from the nests was 
sampled in varieties of depth, i.e., 40, 60, and 80 cm (p
and post hatchery). The eggs were inspected for their 
condition as the samples, which comprised of three fresh 
eggs, three unhatched eggs, and three inner
eggs. The collected types of samples were 12 samples with 
the total samples for 36 samples (sea water = 3; cloaca 
mucous = 3; natural sand = 3; pre semi natural sand 80 cm 
= 3; pre semi natural sand 60 cm = 3; pre semi natural sand 
40 cm = 3; post semi natural sand 80 cm = 3; post semi 
natural sand 60 cm = 3; post semi natural sand 40 cm = 
fresh eggs = 3; unhatched eggs = 3; unhatched eggs content 
= 3). 

Samples analysis 
All of liquid samples (sea water, cloaca mucous, 

unhatched eggs content ) were taken for 2 
using NaCl 0.85% to 10 mL, solid samples (sands) for 
1 g and were diluted using NaCl 0.85% up to 10 
samples of eggshells (fresh and unhatched) were diluted by 
rinsing the eggs using NaCl 0.85% and was fixed exactly 
up to 100 mL. All samples were then diluted for eight 
times. The spread plate method was used to distribute 
bacterial cells evenly across the surface of an agar plate. 
Bacterial cells suspended in a small drop of liquid were 
distributed using a sterile spreader for all
NA, MCC, ECA, SSA and PDA media. The growing 
microorganisms were then isolated and counted using the 
TPC method. The Gram bacteria coloring was performed to 
each successfully isolated colony.  

Data analysis 
Data of percentage of hatched eggs were analyzed using 

one-way ANOVA followed by Tukey HSD
using SPSS software (version 17). Descriptives results of 
data about the microorganisms in the water, sand, eggs, and 
cloacae mucous were analyzed using Microsoft Excel. The 
correlation between contaminant microorganisms and 
hatched eggs was analyzed using Pearson correlation 
formula in SPSS software.  
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process of eggs incubation and hatchery 
The eggs were taken from three female parents which 

produced more than 60 eggs per female at natural hatching 
nest in coastal area 2 and 3. The eggs were taken using the 

taking the eggs at the same time during 
hatchery process). Then the eggs were relocated using a 

natural hatching nest and were buried in 
less than two hours. The eggs were then randomly selected 
and divided into nine clutches of eggs which then laid at 

al nest depths; they were 80 cm (A), 60 cm 
(B), and, 40 cm (C) depth. There were three replications of 
nests in each depth. Thus there were 9 clutches of 20 eggs 

eawater samples were taken from three sea turtles 
e kept in the sampling bottles. 

Samples of cloaca mucous weres taken from the three sea 
turtle female parents. Natural sand from three hatchery 

natural sand from the nests was 
40, 60, and 80 cm (pre 

and post hatchery). The eggs were inspected for their 
condition as the samples, which comprised of three fresh 
eggs, three unhatched eggs, and three inner-part of the 
eggs. The collected types of samples were 12 samples with 

ples (sea water = 3; cloaca 
mucous = 3; natural sand = 3; pre semi natural sand 80 cm 
= 3; pre semi natural sand 60 cm = 3; pre semi natural sand 
40 cm = 3; post semi natural sand 80 cm = 3; post semi 
natural sand 60 cm = 3; post semi natural sand 40 cm = 3; 
fresh eggs = 3; unhatched eggs = 3; unhatched eggs content 

All of liquid samples (sea water, cloaca mucous, 
) were taken for 2 mL then adjusted 

, solid samples (sands) for 0.5-
85% up to 10 mL. The 

samples of eggshells (fresh and unhatched) were diluted by 
85% and was fixed exactly 

All samples were then diluted for eight 
times. The spread plate method was used to distribute 
bacterial cells evenly across the surface of an agar plate. 
Bacterial cells suspended in a small drop of liquid were 
distributed using a sterile spreader for all samples on the 
NA, MCC, ECA, SSA and PDA media. The growing 
microorganisms were then isolated and counted using the 
TPC method. The Gram bacteria coloring was performed to 

s were analyzed using 
way ANOVA followed by Tukey HSD test (p≤0.05) 

using SPSS software (version 17). Descriptives results of 
data about the microorganisms in the water, sand, eggs, and 
cloacae mucous were analyzed using Microsoft Excel. The 

n between contaminant microorganisms and 
hatched eggs was analyzed using Pearson correlation 

RESULTS AND DISCUSSI

The detection of contaminant microorganisms at the 
conservation area 

Based on the microscopic observations, six d
bacteria colonies were identified. Morphologically, all of 
the colonies were round in shape, and in term of color, it 
was found that most of the colonies were white, then 
followed by green and blue. White colonies have such two 
size classes as big and small (Figure 2
Gram coloring, showed that all of the colonies were Gram
negative and pathogenic. The cell shape was basil with 
different sizes.  

The result of fungi identification on the PDA media 
from the overall samples showed th
mildew and yeast. The observation on the mildew colonies 
was conducted after the samples were incubated for 24 
hours. Thus the mildew could be observed after 72 hours. 
Macroscopically, the mildew that was found out has 
circular hypha and mucus. Meanwhile, yeast has smaller 
size and mucus (Figure 2).  

Results from enumeration of microbes, coliform, 
coli, Salmonella-Shigella and fungi on cloaca’s mucous 
samples, fresh eggs, sea water and natural nest sand, 
revealed that cloaca’s mucous and eggs were contaminated 
the most (Figure 3). The higher contaminant 
microorganisms on cloaca's mucous were probably due to 
the digestive condition of sea turtle mothers. Alkindi 
(2006) suggested that the microorganisms contamination 
was probably from the digestive system of the sea turtle 
mothers including from their cloaca channels. It is basically 
because this mucous is a clear liquid containing 
glycoprotein that is secreted fro
during hatchery process occurred
microorganism’s displacement on to the eggs may occur 
through cloacae mucous due to the sea turtle mothers’ 
reproduction system that has been previously infected by 
bacteria and fungi (Keene 2012).
may have been infected with bacteria and fungi originating 
from the turtle mothers’ cloaca that had been contaminated 
earlier, causing the transfer of microorganisms to the eggs 
(Keene 2012). 

 
 

 
Figure 3. The quantification result of microorganisms on the 
sample taken during the sea turtles' hatchery process 
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The detection of contaminant microorganisms at the 

Based on the microscopic observations, six different 
bacteria colonies were identified. Morphologically, all of 
the colonies were round in shape, and in term of color, it 
was found that most of the colonies were white, then 
followed by green and blue. White colonies have such two 

and small (Figure 2). Results from the 
Gram coloring, showed that all of the colonies were Gram-
negative and pathogenic. The cell shape was basil with 

The result of fungi identification on the PDA media 
from the overall samples showed that the fungi were from 

. The observation on the mildew colonies 
was conducted after the samples were incubated for 24 
hours. Thus the mildew could be observed after 72 hours. 
Macroscopically, the mildew that was found out has 

and mucus. Meanwhile, yeast has smaller 

Results from enumeration of microbes, coliform, E. 
and fungi on cloaca’s mucous 

samples, fresh eggs, sea water and natural nest sand, 
us and eggs were contaminated 

). The higher contaminant 
microorganisms on cloaca's mucous were probably due to 
the digestive condition of sea turtle mothers. Alkindi et al. 
(2006) suggested that the microorganisms contamination 
was probably from the digestive system of the sea turtle 
mothers including from their cloaca channels. It is basically 
because this mucous is a clear liquid containing 
glycoprotein that is secreted from cloaca to coat the eggs 
during hatchery process occurred (oviposition). The 
microorganism’s displacement on to the eggs may occur 
through cloacae mucous due to the sea turtle mothers’ 
reproduction system that has been previously infected by 

Keene 2012). Therefore, this mucous 
may have been infected with bacteria and fungi originating 
from the turtle mothers’ cloaca that had been contaminated 
earlier, causing the transfer of microorganisms to the eggs 

 

antification result of microorganisms on the 
sample taken during the sea turtles' hatchery process  



 BIODIVERSITAS 19 (4): 1207-1212, July 2018 

 

1210

 
A B C D E 

 
Figure 2. The results of microorganism isolation, in general, using spread plate method. A. Total coliform, B. Salmonella-Shigella, C. 
E. coli, D. Mildew, E. Yeast 
 
 
 
 

Escherichia coli and Salmonella-Shigella colonies were 
not detected on the natural nesting sand, and Salmonella-
Shigella colony was also not detected on the seawater 
samples. Thus it suggests that the contamination of 
Salmonella-Shigella was from the sea turtles’ digestive 
system which was brought by the eggs and cloaca’s 
mucous. Berrang et al. (1996) suggested that there was a 
possibility that bacterial infection towards the eggs’ 
components prior to the eggshells construction, since the 
ovary and the uterus of the sea turtle mothers were infected 
by bacteria beforehand. Gantois et al. (2009) inferred that 
the reproduction organ of sea turtle mothers that has been 
infected by Salmonella might contaminate the eggs through 
filtration on the eggshells and intestine (feces 
contamination) and direct contamination on the yolk, 
albumin, and eggshells before oviposition occurred.  

 The results showed that the number of successful 
colonies was detected in each sample, especially in post-
hatch samples, including total microbes, coliforms, E. coli, 
Salmonella-Shigella and fungi (Figure 4). The total of 
microorganisms on semi-natural post-hatchery nesting sand 
was higher compared to semi-natural pre-hatchery nesting 
sand, except on the total growth of microbes and fungi. 
According to Simbolon (2008), this happened due to 
competition between the microorganisms themselves; it 
was thought that the fungi were defeated in taking 
advantages of the nutrients to grow and to develop.  

Furthermore, the decrease in total microbes on semi-natural 
nesting sand might occur due to competition with coliform 
brought by the eggs. Coliform in the eggs would easily 
develop because of its position was closer to the eggs that 
have a source of nutrients richer than the nutrients in semi-
natural sand. The closeness of coliform to the nutrient 
sources probably caused the E, coli colony andSalmonella-
Shigella on the semi-natural post-hatchery nesting sand 
was higher. The excavation and nest closure during 
relocation process may also cause microorganisms to be 
dispersed to the entire parts of the nests, so that in the 80 
cm depth, the coliform colony and E. coli were detected 
which were probably from the sand surface.  

The correlation of contaminant microorganisms and the 
hatching success 

Nest depth significantly affected the hatching success 
rate (F = 8.249; P = 0.004; Figure 5). The highest hatching 
rate was found in the nests located at 80 cm depth, which 
was higher (p≤0.05). The further test (Tukey HSD) 
displayed that the depths of 80 and 60 cm did not have 
different results. In accordance with the previous research, 
the depth of 60 cm and above showed better hatchery due 
to stable temperature fluctuation. The optimum temperature 
for the development of sea turtles embryo is between 28-
300C and will be impeded if it is outside the approximate 
temperature (Nuitja 1992). 

 
 
 
 

 
 
Figure 4. The number of microorganisms on samples was taken during the eggs incubation period until hatchery 
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Figure 6. Scattered diagram of the correlation between log microorganism CFU and hatching success
 
 
  
 

 
Figure 5. The effect of nest depth of the nests on the hatching 
success of the eggs of sea turtles using Tukey 
8.249; P = 0.004) 

 
 
The previous experiment of depth variation of semi

natural nests which had been acknowledged to be the 
determinant factor of hatchery result was conducted to 
collaborate the data of microbial contaminant on the semi
natural sand. The data of contaminant used for the 
correlation test was only on the samples of pre and post
hatching in semi-natural nesting sand. This was because the 
sample of semi-natural sand was directly related to the 
incubation process until the hatching. Pearson Corre
analysis was performed on log-transformed data of Colony 
Forming Unit (log CFU)and the hatching percentage, and 
the result showed that there was a negative correlation 
value, i.e., an inverse relationship between log total 
microorganism CFU and the hatching success (Figure 6). 

The existence of microorganism on both in the inner 
part and outer of the unhatched eggshells (
indicated that the microorganism was successfully 
penetrated into the eggs through the eggshells’ pores 
because the pores function as gas, water, and heat vapor 
exchange from the external environment (Limpus 
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Scattered diagram of the correlation between log microorganism CFU and hatching success 

 

The effect of nest depth of the nests on the hatching 
Tukey Test (p≤0.05) (F = 

The previous experiment of depth variation of semi-
natural nests which had been acknowledged to be the 
determinant factor of hatchery result was conducted to 
collaborate the data of microbial contaminant on the semi-

ta of contaminant used for the 
correlation test was only on the samples of pre and post-

natural nesting sand. This was because the 
natural sand was directly related to the 

Pearson Correlation 
transformed data of Colony 

Forming Unit (log CFU)and the hatching percentage, and 
the result showed that there was a negative correlation 

an inverse relationship between log total 
hatching success (Figure 6).  

The existence of microorganism on both in the inner 
part and outer of the unhatched eggshells (Figure 4) 
indicated that the microorganism was successfully 
penetrated into the eggs through the eggshells’ pores 

function as gas, water, and heat vapor 
exchange from the external environment (Limpus et al. 

2008). However, the pores also become the filtration path 
for microorganism (Al-Bahry et al

For the process of embryo growth eggshells should 
contain 43% of calcium (Bilinski 
fungi, exist on the eggshell, consumes the calcium on the 
eggshells surface causes calcium erosion (Phillot 
2006). In addition, the decrease of calcium on the eggshells 
coincides with the hypha growth 
eggshells which affect the gas exchange. The hypha 
penetration continued into the embryo which may cause the 
death of the embryo (Phillot et al
penetration into the eggs components (yolk and albumin) 
happens when the layer structure of the eggshells has been 
damaged (Al-Bahry et al. 2004). This condition may 
worsen if within one nest a number infertile or fertile eggs 
do not grow as supposed to that they will trigger the 
colonization of microorganism a
all eggs (Robinson et al. 2003). Additionally, the growing 
microorganisms will take advantage of calcium (CaCO
on the eggshells as a cofactor for cytosol enzymes that play 
roles in creating cell wall as well as constructing end
to keep growing (Brooks et al. 2013).

Environmental factors such as temperature and 
humidity may play important role in the process of 
microorganism filtration into the eggs. The soft structure of 
eggs with pores as the path for gas exchange will 
potentially be infected by bacteria if the nest temperature is 
too low and the humidity is high (Al
Number of pores and sizes of the eggshells of sea turtle 
varied significantly (Ackerman 1972). For instance, the 
eggs of green sea turtles have high level of oxygen 
diffusion. Thus it is greatly possible for the eggshells to 
have more pores or bigger pores than other sea turtle 
eggshells. Consequently, they are prone to bacterial 
infection. Moreover, the pores on the eggshells surface 
become bigger and bigger towards the end incubation 
period which allows the microorganisms to penetrate and 

40
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2008). However, the pores also become the filtration path 
et al. 2011). 

For the process of embryo growth eggshells should 
(Bilinski et al. 2001). However, the 

fungi, exist on the eggshell, consumes the calcium on the 
eggshells surface causes calcium erosion (Phillot et al. 
2006). In addition, the decrease of calcium on the eggshells 
coincides with the hypha growth covering the pores of the 
eggshells which affect the gas exchange. The hypha 
penetration continued into the embryo which may cause the 

et al. 2006). of Microorganism 
penetration into the eggs components (yolk and albumin) 
happens when the layer structure of the eggshells has been 

2004). This condition may 
worsen if within one nest a number infertile or fertile eggs 
do not grow as supposed to that they will trigger the 
colonization of microorganism and threatens the growth of 

2003). Additionally, the growing 
microorganisms will take advantage of calcium (CaCO3) 
on the eggshells as a cofactor for cytosol enzymes that play 
roles in creating cell wall as well as constructing endospore 

. 2013). 
Environmental factors such as temperature and 

humidity may play important role in the process of 
microorganism filtration into the eggs. The soft structure of 
eggs with pores as the path for gas exchange will 

tentially be infected by bacteria if the nest temperature is 
too low and the humidity is high (Al-Bahry et al. 2011). 
Number of pores and sizes of the eggshells of sea turtle 

(Ackerman 1972). For instance, the 
eggs of green sea turtles have high level of oxygen 
diffusion. Thus it is greatly possible for the eggshells to 
have more pores or bigger pores than other sea turtle 
eggshells. Consequently, they are prone to bacterial 

fection. Moreover, the pores on the eggshells surface 
become bigger and bigger towards the end incubation 
period which allows the microorganisms to penetrate and 



 BIODIVERSITAS 19 (4): 1207-1212, July 2018 

 

1212

colonize easier into the components of the eggs (Al-Bahry 
et al. 2004). 

The hatching failure may be due to the microbial 
contaminants may be caused by a number of factors. 
During the hatching process sea turtle, the contaminated 
cloaca solution makes possible to transfer microorganism 
into the eggs and natural nesting sand (Keene 2012). The 
microorganism transfer continues when the process of eggs 
relocation to semi-natural nesting hatchery is conducted. 
This condition occurred spontaneously causing the 
contamination at the Pangumbahan Sea Turtles 
Conservation area, especially at the semi-natural nesting 
location. The contaminant microorganism might reduce the 
hatching success, and this explains the negative correlation 
between total of microorganism and hatching success. 
Thus, the conservation officers should be aware and 
cautious of the unintentional microorganism transfer by 
wearing Self-Protection Apparatus (APD) when they are 
relocating the eggs. The semi-natural nesting hatchery thus 
needs regular sand removals and replacement with new 
sand or heating the sand to sterilize microorganism. This 
effort is aimed at increasing the hatchery result and 
supporting the maximum conservation effort. 
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Abstract. Kwatrina RT, Santosa Y, Bismark M, Santoso N. 2018. The impacts of oil palm plantation establishment on the habitat type, 
species diversity, and feeding guild of mammals and herpetofauna. Biodiversitas 19: 1213-1219. Indonesia is the world’s largest 
producer of palm oil. Contributing 2.14% to the country’s gross domestic product, palm oil plays an important role in the national 
economy from plantation sector. However, the expansion of oil palm plantations has brought negative impacts to forests and wildlife. 
Little is known to what extent these negative impacts on mammals and reptiles can be reduced through better management. To address 
this knowledge gap, the current study assessed species diversity as affected by the establishment of the oil palm plantation in Central 
Kalimantan, a tropical biodiversity hotspot in Asia. We conducted 25 line transect surveys and visual encounter surveys in oil palm 
areas, shrubs and secondary forests in these landscapes. The results indicated that the establishment of oil palm plantation negatively 
impacted species abundance and diversity, and changed the mammal and reptile species composition, by favoring ecologically generalist 
species. For forest specialist species, forested areas like HCV and HCS, play an important role in maintaining habitat heterogeneity in 
oil palm landscapes. Mammal species found in habitat conditions following oil palm plantations belong to some feeding groups, 
whereas all species of herpetofauna have terrestrial habitat types. These mammal and herpetofauna species can live and function in the 
food chain in the oil palm plantation ecosystem. 

Keywords: Borneo, high conservation value, habitat heterogeneity, oil palm plantation, species diversity 

INTRODUCTION 

Indonesia is the world's largest producer and exporter of 
crude palm oil with a total area of 12.3 million ha and 
produces 35.4 million tons by 2017 (Dirjenbun 2016). 
Together with Malaysia, Indonesia controls almost 85% of 
the world’s palm oil production. With its contribution to 
the national income of approximately 18.1 billion dollars in 
2016 and soared by 26% to US $ 22.97 billion in 2017 
(GAPKI 2017) or 2.31% of total national GDP, palm oil 
has become a mainstay product and play a leading role in 
the Indonesian economy from plantation sector. 

The expansion of oil palm (Elaeis guineensis) 
plantations also creates a negative perception of the loss of 
biodiversity. For the Southeast Asian region, oil palm 
plantations in Indonesia are often blamed for the 
destruction of tropical biodiversity (Fitzherbert et al. 2008; 
Koh and Wilcove 2008; Sodhi et al. 2008; Colchester et al. 
2011). The characteristics of oil palm plantations are 
considered to greatly reduce the functioning of species 
diversity and support only a few forest-dependent species 
(Aratrakorn et al. 2006; Edwards et al. 2013). Mammals 
and herpetofauna are animals that are affected by the 
expansion of oil palm plantations. Mammals play an 
important role in maintaining and preserving the continuity 
of ecological processes (Kartono 2015), while herpetofauna 
is a part of the environmental biological indicators. 

Although the number of mammal species that can survive 
in the oil palm plantations is relatively small (Yasuma 
1994), the available information on the impact of oil palm 
plantation establishment on species diversity is limited 
(Sodhi et al. 2010). Several studies have examined the 
impact of forest change on the tropical herpetofauna 
community (Vitt and Caldwell 2001, Wanger et al. 2010), 
and the effects of oil palm plantation establishments on 
mammals (Maddox et al. 2007; Bernard et al. 2009; Nantha 
and Tisdell 2009; Azhar et al. 2014; Kartono 2015). 
However, up to now, studies related to mammal and 
herpetofauna diversity based on changes in land cover in 
oil palm plantations have not been widely implemented. It 
is important to know the implementation of those studies 
because Indonesian oil palm plantations come in various 
types of land cover such as shrubs, forests, fields, or other 
plantations. 

Kalimantan is an important region of tropical 
biodiversity in Indonesia and is often the object of 
biodiversity and deforestation studies. The growth trend of 
oil palm plantations in Indonesia has also contributed to the 
expansion of these plantations in Kalimantan. In 2016, the 
total area of  oil palm plantations in this region ranked 
second after Sumatra. The largest area is located in Central 
Kalimantan Province with about 38.4% of the total area of 
Kalimantan (Dirjenbun 2016). So far, there are still some 
questions about how biodiversity in Borneo is affected by 
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the establishment of oil palm plantations. To address the 
knowledge gaps and obtain the accurate information on 
species diversity and composition, a study of mammals and 
herpetofauna in oil palm plantations was conducted by 
comparing the conditions of habitat prior to the oil palm 
plantation development and subsequent habitat conditions. 
This research will help our understanding of the impacts of 
the establishment of oil palm plantations on the diversity of 
mammals and herpetofauna on a land cover. 

MATERIALS AND METHODS 

Study area 
The study was conducted in Kotawaringin Barat 

District, Central Kalimantan Province, Indonesia (Figure 
1). Four oil palm plantation companies (Site A, Site B, Site 
C and Site D) and seven smallholder plantations located in 
three Sub-districts of Kumai, Arut Selatan, and Pangkalan 
Lada were used as the study sites. The oil palm plantations 
were established between 1993 and 2015. The observed 
smallholder plantations are located around the companies’ 
plantation area. 

Each plantation has different types and characteristics 
of land cover. Shrubs are present on Sites A, C, and D. 
These three sites are located in the areas adjacent to roads, 
HCV areas (High Conservation Value) and HCS (High 

Carbon Stock) areas, oil palm plantations, rubber 
plantations, and village forests. The ground cover consists 
of dense shrubs, and in the shrub area, Mucuna spp are also 
found. The secondary forests are found outside the 
plantation sites B, C, and D adjacent to oil palm plantations 
area, open land, lakes, or riparian areas. 

The companies’ oil palm plantations (large scale 
plantation) consist of several age classes. The first class is 
young palm plantation, planted in 2013, 2015, 2016 or one 
to four years old at the time of the study, and located 
adjacent to oil palm plantations, community forests, 
secondary forests, and HCV areas. The area of the young 
palm plant is characterized by 2-3 m tall plants, and 
groundcover with shrubs, grasses, Mucuna bracteata, 
sintrong (Crassocephalum crepidioides) and fern 
(Stenochlaena palustris). The second class is middle-aged 
palm plantation, grown in 1998, 2005, and 2006 or 11 to 19 
years old when the research was conducted, and located on 
the main roadside adjacent to oil palm plantations. Most 
have fairly wide canopy covers and groundcover with fern 
(S. palustris). The third is old palm plantation, grown in 
1993, 1994, 1997 or aged up to 24 years and located 
adjacent to rivers, oil palm plantations, and HCV areas. Oil 
palm in this category is characterized by closed canopy 
cover and groundcover with shrub species such as sintrong 
(C. crepidioides) and fern (S. palustris). 

 
 

 

 
 
Figure 1. Map of research location at four large-scale plantations in Kotawaringin Barat District, Central Kalimantan Province, Indonesia 

A 
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The HCV area is an area of secondary forest inside the 

oil palm plantation area. Its location is surrounded by 
community forests, oil palm plantations, shrubs, lakes, and 
parts of riparian areas. The land cover is quite dense 
dominated by big trees such as Mahang (Macaranga sp.), 
S. leprosula, S. pervifolia, and D. comutus. In addition to 
large plantations, there are community plantations called 
smallholder plantations planted in 2009 and 2013 or aged 
four to eight years when the research was conducted. The 
species of plants in this plantation include harendong 
(Melastoma malabathricum), fern (S. palustris) and 
sintrong (C. crepidioides). 

Procedures 
This study was conducted in two types of habitats, i.e., 

habitat before the oil palm plantation establishment 
(hereafter referred to as BPE), and habitat after the oil palm 
plantation establishment (hereafter referred to as APE). We 
used Landsat image analysis of each site within one to two 
years before plantation land clearance to determine the type 
of land cover prior to the development of oil palm 
plantations. Based on the satellite imagery interpretation, 
there are two types of land cover that dominate the area 
prior to the development of oil palm plantations, namely 
shrubs and secondary forest. Both were then used as 
sampling sites for the BPE habitat. The APE habitat is all 
large-scale plantation areas and smallholder existing after 
oil palm plantation development, covering all age classes 
of oil palm plantations on the large plantations of young 
palm, middle-aged palm, old palm, including HCV and 
HCS areas, and people’s oil palm plantation. The data on 
the diversity of mammals and herpetofauna were obtained 
through a survey of each type of land cover found in each 
habitat type (BPE and APE) (Terlizzi et al. 2005; Smiley et 
al. 2009; Santosa et al. 2016; Erniwati et al. 2016). This 
study used the assumption that the species found in each 
type of BPE land cover were similar to those prior to the 
establishment of oil palm plantations. 

Animal inventory was carried out simultaneously on 
each type of land cover present in each habitat (BPE and 
APE). In each type of land cover, one observation line was 
made considering the relatively small area and based on the 
assumption that mammal and herpetofauna species in each 
of the same habitat types were homogeneous. The 
inventory of mammals was done using the Line Transect 
Method with the length of 1 km and the width of 100 m. In 
total there were 25 transects in all types of land cover 
visited twice daily, in the morning (06.00-08.00 WIB) and 
afternoon (15.30-17.30 WIB) for each transect. Seven 
camera traps were used to record observations indirectly. 
Herpetofauna inventory was done by using Visual 
Encounter Survey method. The data collection was done at 
night from 19.00 to 21.00 WIB. Mammal and herpetofauna 
inventories were repeated for three days in each transect to 
maximize the number of species recorded. 

Data analysis 
The number of mammal and herpetofauna species found 

in each habitat condition at each study site was calculated. 

To measure and compare the abundance of mammals and 
herpetofauna in habitat conditions, BPE and APE, 
Margalef species Richness index (Magurran 1998) was 
used. The Evenness Index was used to determine the 
evenness of the species in each habitat type and the 
Similarity index was used to determine the degree of 
similarity of mammals and herpetofauna between the BPE 
and APE habitats (Krebs 1985). The comparison of species 
number, species richness, and species composition in BPE 
and APE habitats was used as the basis for assessing the 
impact of oil palm plantation establishment on the diversity 
of mammals and herpetofauna. Mammals based on feeding 
guilds were categorized into carnivores, herbivores, and 
omnivores (Azhar et al. 2014). An insectivorous animal 
was classified as a carnivore, whereas folivorous and 
frugivorous animals were classified as herbivores. 
Herpetofauna based on habitat types were categorized into 
three types: terrestrial, aquatic, and arboreal. 

RESULTS AND DISCUSSION 

Comparison of species richness 
Overall comparisons between habitats (BPE and APE) 

showed changes in species numbers, indexes of species 
richness and evenness. The results of observations on the 
diversity of mammals and herpetofauna in the study sites 
are shown in Table 1 and 2. Overall, the number of 
individuals and the number of mammals and herpetofauna 
species in APE were higher than those in BPE. The 
increase in number of individuals ranged from 66.67 to 
540% in mammals and 58.8-367.86% in herpetofauna. The 
number of species increased in the range of 16.67-166.67% 
and 20-250% for mammals and herpetofauna respectively. 

The diversity index of species also showed an increase 
in both groups of species. The decrease in value occurred 
only in site B for mammals and site D for herpetofauna. 
This can be seen as a response to the high number of 
individuals versus the number of species affecting the value 
of the Margalef index. The Margalef index is an index of 
species richness and diversity that not only takes into 
account the number of species, but also the number of 
individuals, so the abundance of a species will affect the 
value of the index. Magurran (1988) states that the 
Margalef index has a high sensitivity and ability to respond 
to differences in species so that the dominance of a species 
will affect the value of the index. 

Evenness is generally defined as the ratio between 
observational diversity and maximum diversity. The 
diversity of mammal species showed various values  (0.2-
0.93). The lowest evenness value was in Site C. This 
indicates a high dominance or abundance in certain species 
on the site. For herpetofauna, the species evenness values 
ranged from 0.65 to 0.96. Compared with mammals, the 
herpetofauna species tended to be more evenly distributed 
in BPE habitat than in APE habitat. Pielou (1996) states 
that the evenness value will reach maximum if the 
observed species have the same abundance. 
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Table 1. Comparison of ecological variable values of mammals’ species diversity in BPE and APE habitats  
 

Variables Site A Site B Site C Site D 
BPE APE BPE APE BPE APE BPE APE 

Number of individual 15 25 23 78 11 56 5 32 
Number of species 6 8 6 7 3 5 3 6 
Species Richness indices 1.85 2.17 1.59 1.38 0.83 0.99 1.24 1.44 
Evenness indices 0.9 0.93 0.84 0.73 0.2 0.22 0.86 0.64 
Note: BPE = before plantation establishment, APE = after plantation establishment 
 
 
 
Table 2. Comparison of ecological variable values of herpetofauna’s species diversity in BPE and APE habitats  
 

Variables Site A Site B Site C Site D 
BPE APE BPE APE BPE APE BPE APE 

Number of individual 47 99 31 138 51 81 28 131 
Number of species 10 14 15 22 17 22 12 15 
Species Richness indices 2.34 2.83 4.08 4.26 4.07 4.78 3.3 2.87 
Evenness indices 0.7 0.65 0.9 0.82 0.87 0.85 0.95 0.86 
Note: BPE = before plantation establishment, APE = after plantation establishment 
 

 
 
 
Impacts on composition, feeding guild, and habitat type 

The establishment of oil palm plantations also have an 
impact on species composition. In all the study sites, 15 
mammal species belonging to nine families were found. 
Six of them were primates from the families 
Cercopithecidae, Pongidae and Lorisidae (Table 3). 
Plantain squirrel (Callosciurus notatus) was the only 
species found consistently in all study sites in both BPE 
and APE habitats. The dominance of C. notatus is thought 
to be linked to ecological factors such as its high 
adaptability, wide distribution, large population, and 
tolerance to varying levels of habitat modification. This 
species can be found in secondary forests, plantations, and 
all types of habitats (Duckworth 2016). Pongo pygmaeus 
was the only animal not found at Site D of APE habitat, but 
was still found in Site A. Most primate species, especially 
orangutans, are arboreal animals that need trees for activity, 
but they also have the ability to adapt to certain 
circumstances in foraging activity (Ancrenaz et al. 2004). 

All sites received species additions following the 
establishment of palm plantations, including four species in 
Site A, a species in Site B, two species in site C, and four 
species in Site D. The low number of species additions in 
Site B is thought to be related to the conditions of trees and 
canopies especially for species of primate groups. In 
addition, the HCV area on Site B is a forest that is part of 
the riparian area as a specific mammalian habitat such as 
Proboscis monkey, pig-tailed macaque, and long-tailed 
macaque. 

Based on feeding guild, mammals found in the study 
sites can be classified into three groups, namely herbivores, 
carnivores, and omnivores. The herbivore group was 
dominated by primates whose main meals are leaves and 
fruit. In the omnivore group, the species found were more 
diverse, such as small arboreal mammals (squirrel), 
rodents, wild boars, and monkeys. These animals have a 
broad spectrum of food types. They can be found in the 
BPE and APE habitats, except Rattus sp and Sus barbatus 

that found only in APE habitat. There were two carnivore 
species encountered during the study, namely Leopard cat 
(Prionailurus bengalensis) and Malay badger (Mydaus 
javanensis). The Leopard cats are known as small 
carnivorous mammals that eat rats, lizards, frogs, birds, and 
insects, while the Malay badger is known as an eater of 
bird eggs, carcasses, insects, worms, and plants. Forest cats 
and the Malay badger were found in APE habitat but not in 
BPE habitat. According to Ross et al. (2015) and Wilting et 
al. (2015), both species are common in oil palm 
plantations. This is allegedly related to the presence of 
species of food sources (prey) in more diverse palm 
plantations. 

In addition to impacting mammals, the establishment of 
oil palm plantations also has an impact on the composition 
of herpetofauna. In all plantation sites, a total of 39 species 
of herpetofauna were found, consisting of 18 species of 
amphibians (413 individuals), and 21 species of reptiles (98 
individuals) (Table 4). No species were missing in APE 
habitat at Sites B and C, whereas Sites A and D, each 
losing one or two species. In contrast, all plantations 
received species additions in APE habitat, ie 11, 7, and 5 
species respectively for Sites A, B, and C and D. Some 
Herpetofauna species were found in almost all sites both in 
BPE and APE habitats, namely Polypedates leucomystax, 
Fejervarya cancrivora, Hylarana erythraea, Pulchrana 
baramica, Eutrophic multifasciata, and Varanus salvator. 
Polypedates leucomystax and F. cancrivora are non-forest 
species and adaptable opportunist species that can be found 
in almost all habitat types such as agricultural and artificial 
environments such as oil palm plantations (Diesmos 2004; 
Yuan et al. 2004). Pulchrana baramica is commonly found 
in swampy areas (Stuebing 2017) and lowland areas 
including peat swamp forests, primary forests of the plains, 
and swamp forests. High adaptability made this species 
found in all the observed locations and became the 
dominant species. 
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Table 3. Mammal species compositions and its feeding guild 
 

Scientific name Family 
Feeding 

guild 
Site A Site B Site C Site D 

BPE APE BPE APE BPE APE BPE APE 
Tupaia minor Tupaiidae Omnivore √ √ √ √   √ √ 
Callosciurus notatus Sciuridae Omnivore √ √ √ √ √ √ √ √ 
Callosciurus prevostii Sciuridae Herbivore     √ √  √ 
Rattus tiomanicus Muridae Omnivore √ √       
Rattus tanezumi Muridae Omnivore   √ √  √   
Rattus sp Muridae Omnivore        √ 
Mydaus javanensis Mephitidae Carnivore  √       
Sus barbatus Suidae Omnivore    √    √ 
Prionailurus bengalensis Felidae Carnivore  √    √  √ 
Trachypithecus cristatus Cercopithecidae Herbivore √ √       
Macaca fascicularis Cercopithecidae Omnivore √ √ √ √     
Nasalis larvatus Cercopithecidae Herbivore   √ √     
Macaca nemestrina Cercopithecidae Omnivore   √ √     
Pongo pygmaeus Pongidae Herbivore √ √     √  
Nycticebus coucang Lorisidae Herbivore     √ √   
Note: BPE= before plantation establishment, APE=after plantation establishment 

 
 

Table 4. Species compositions of herpetofauna and its habitat types 
 

Scientific name Family Habitat type 
Site A Site B Site C Site D 

BPE APE BPE APE BPE APE BPE APE 
Amphibians           
Polypedates leucomystax Rhacoporidae Terrestrial, freshwater √ √ √ √ √ √ √ √ 
Polypedates macrotis Rhacoporidae Terrestrial, freshwater    √   √ √ 
Rhacophorus appendiculatus Rhacoporidae Terrestrial, freshwater     √ √   
Fejervarya cancrivora Dicroglossidae Terrestrial, freshwater √ √  √ √ √ √ √ 
Fejervarya limnocharis Dicroglossidae Terrestrial, freshwater  √  √ √ √ √ √ 
Limnonectes sp. 
Limnonectes sp.1 
Limnonectes sp.2 
Kalophrynus pleurostigma 

Dicroglossidae 
Dicroglossidae 
Dicroglossidae 
Microhylidae 

Terrestrial, freshwater 
Terrestrial, freshwater 
Terrestrial, freshwater 
Terrestrial, freshwater 

 
 
 

 
√ 
√ 

√ √ √ 
 
 

√ 

√ 
 
 

√ 

√ √ 

Microhyla malang Microhylidae Terrestrial, freshwater     √ √   
Amnirana nicobariensis Ranidae Terrestrial, freshwater   √ √ √ √  √ 
Chalcorana chalconota Ranidae Terrestrial, freshwater      √   
Hylarana erythraea Ranidae Terrestrial, freshwater √ √ √ √ √ √  √ 
Hylarana glandulosa Ranidae Terrestrial, freshwater   √ √     
Pulchrana baramica  Ranidae Terrestrial, freshwater √ √ √ √ √ √ √ √ 
Ingerophrynus biporcatus 
Pseudobufo subasper 
Leptobrachium sp. 

Bufonidae 
Bufonidae 
Megophrydae 

Terrestrial, freshwater 
Terrestrial, freshwater 
Terrestrial, freshwater 

 
√ 

 
√ 

 √ 
 

√ 

√ √ √ √ 

           

Reptiles           
Cyrtodactylus marmoratus Geckonidae Terrestrial  √       
Hemidactylus frenatus Geckonidae Terrestrial √ √ √ √  √  √ 
Draco sp. Agamidae Terrestrial     √ √   
Bronchocela sp. Agamidae Terrestrial     √ √   
Eutropis rudis Scincidae Terrestrial √ √ √ √ √ √ √ √ 
Eutropis multifasciata Scincidae Terrestrial   √ √  √ √ √ 
Lipinia vittigera Scincidae Terrestrial   √ √     
Dasia vittata Scincidae Terrestrial   √ √   √  
Takydromus sexlineatus Lacertidae Terrestrial   √ √    √ 
Malayopython reticulatus Pythonidae Terrestrial √ √ √ √    √ 
Python breitensteini Pythonidae Terrestrial    √     
Naja sumatrana Elapidae Terrestrial  √  √     
Bungarus candidus Elapidae Terrestrial   √ √     
Lycodon subcintus Colubridae Terrestrial      √   
Dendrelaphis caudolineatus Colubridae Terrestrial      √   
Pseudorabdion albonuchalis Colubridae Terrestrial       √  
Xenopeltis unicolor Xenopeltidae Terrestrial     √ √   
Rhabdophis conspicillatus Natricidae Terrestrial, freshwater     √ √   
Varanus salvator Varanidae Terrestrial √ √ √ √ √ √ √ √ 
Siebenrockiella clasicollis Geomydae Terrestrial √        
Note: BPE= before plantation establishment, APE=after plantation establishment  
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Based on the habitat type, all herpetofauna of all 

amphibian and reptile groups in BPE or APE habitats have 
terrestrial habitat types. Although there are no changes in 
habitat types, some species such as Limnonectes, 
Leptobrachium, Cyrtodactylus marmoratus, Lycodon 
subcintus, and Dendrelaphis caudolineatus are found only 
in APE habitat. 

Discussion 
The results of this study revealed that oil palm 

plantations developed on land cover from secondary forest 
or shrubs had an impact on the number of species and the 
diversity of mammals and herpetofauna. The comparisons 
between the BPE and APE habitats showed no decrease in 
the number of mammal and herpetofauna species. Overall, 
the total number of species found in the APE habitat was 
higher than that in the BPE habitat. This result is in line 
with that of the research conducted by Azhar et al. (2014) 
who found more species of small mammals in oil palm 
planting areas than in natural forests. The presence of 
mammals in a particular habitat is influenced by the 
availability of feed, water, and shelter (Steinmetz et al. 
2010). This suggests that some species of mammals can 
live and are able to adapt to habitats in relatively small 
plantations (Yasuma 2004). The changes of shrubs and 
forests into oil palm plantations change the environment. 
However, these environmental conditions still provide a 
source of food derived from vegetation, water flow, and 
plant stands as cover. For some species of mammals, the 
standing structure of various classes of oil palm is thought 
to provide better protection than shrubs. Some mammals 
are well adapted to oil palm plantation landscape such as 
squirrels, rats, wild pigs, and some primates. Most of them 
are generalist species. Yaap et al. (2010) suggest that 
generalist species have a positive response and can thrive 
in secondary forest or plantation habitats. 

This study also showed that land conversion to oil palm 
plantations does not eliminate the ecological process of 
energy transfer in the food chain in the oil palm plantation 
landscape. In the mammal group, this is indicated by the 
presence of a forest cat (Prionailurus bengalensis) as a 
carnivore at the plantation site. This result is in accordance 
with the research conducted by Yue et al. (2015) who 
found forest cats and skunks only in the plantation area 
because of large number of prey from the rodents group in 
the plantation area. This suggests that the presence of these 
species is influenced by the availability of food sources 
(prey) in oil palm plantations as a foraging area. In addition 
to carnivorous animals, other mammal groups were also 
found, namely omnivorous mammals such as Sus barbatus, 
Rattus spp., and M. fascicularis; fruiting and leaf mammals 
(foliovores and fruityvores) such as P. pygmaeus and 
Nasalis larvatus; omnivore and insectivorous mammals 
such as Mydaus javanensis. Oil palm plantations provide a 
wide range of food resources compared to forests and 
shrubs to certain mammals, such as S. barbatus, and M. 
fascularis that can feed on young palm kernels as feed 
sources. The diverse ages of oil palm plants with different 
structures form spatial and temporal variations in 

microclimate and heterogeneity (Luskin and Potts 2011), 
and influences the diversity of feed sources. 

The number of individuals of herpetofauna in APE 
habitat was higher than that in BPE habitat. In addition, the 
number of individual amphibians was higher than that of 
reptiles. Muslim (2017) states that some reptile species 
play a predatory role for most amphibians, and healthy 
ecosystems are shown by higher amphibian counts than 
reptiles. The dominant reptile species found in plantation 
areas included Eutrophic rudis, E. mulifasciata, and 
Varanus salvator known as predators for several species of 
amphibians such as P. leucomystax and F. cancrivora. 

The study also revealed that HCV and HCS areas that 
are part of APE habitat play an important role in supporting 
the diversity of mammal and herpetofauna species. Oil 
palm plantations with heavily forested HCV and HCS areas 
serve as a refuge for wildlife and contribute to the habitat 
of arboreal primate supporters. This result is in line with 
that of Azhar et al. (2014) who suggests that a number of 
species of forest animals (especially mammals) are able to 
utilize the oil palm-planted environment as their habitat, 
although not as a primary habitat. Therefore, forest patches 
are essential for maintaining mammal diversity (Yue et al. 
2015).  

For herpetofauna, its presence in certain habitat is 
strongly influenced by environmental quality. Low 
environmental quality can result in low number of species 
in certain habitats (Denoël 2012). Forested areas such as 
HCV and HCS are thought to provide suitable 
microhabitats for herpetofauna as evidenced by the 
increasing number of herpetofauna species in APE habitat. 
Opportunistic species with good adaptability have a higher 
chance of survival and development in oil palm plantations. 
Some species are tolerant to environmental changes and 
can live in the human environment (Gillespie et al. 2005). 
Water is very important for some species especially 
amphibians (Vitt and Caldwell 2009) such as Polypedates 
leucomystax as a species of tree frog (arboreal) that is 
positively associated with aquatic vegetation and trees 
(Gunzburger and Travis 2004). In addition, several 
herpetofauna species that have the primary habitat type of 
forest were also found in APE habitat, such as Limnonectes 
and Chalcorana chalconota. This suggests that HCV areas 
with forest cover contribute to the presence of specialist 
species in the oil palm plantation landscape. 

Through this research, it can be concluded that the 
establishment of oil palm plantations has increased the 
number of species and the index of species richness and 
changed the species composition of mammals and 
herpetofauna in the study sites, where most of these species 
have high adaptability or are classified as generalist 
species. For some specialist species that depend on tree and 
forest existence, the HCV and HCS areas play an important 
role in creating habitat heterogeneity. Mammal species 
found in APE habitat belong to some feeding groups, 
whereas all species of herpetofauna have terrestrial habitat 
types. These mammal and herpetofauna species can live 
and function in the food chain in the oil palm plantation 
ecosystem. 
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Abstract. Supono, Hudaidah S. 2018. Short Communication: The diversity of epipelic diatoms as an indicator of shrimp pond 
environmental quality in Lampung Province, Indonesia. Biodiversitas 19: 1220-1226. Epipelic diatoms live by attaching to sediment. 
Their existence is strongly affected by water and sediment quality. The purpose of this research was to analyze the structure of 
epipelic diatom populations on the bottom of shrimp ponds and to determine the correlation between epipelic diatom diversity 
and the quality of water and of pond bottom sediment. This exploratory research was conducted on twelve shrimp ponds during the 
water preparation period (pre-stocking). Data were collected to analyze the correlation between water and sediment qualities. The results 
showed that Nitzschia and Pleurosigma were the dominant epipelic diatoms in the shrimp ponds. Epipelic diatom diversity in shrimp 
ponds was affected by water quality parameters (namely total alkalinity, organic matter and nitrate) as well as sediment quality 
parameters (namely cation exchange capacity, clay content and organic matter content). 

Keywords: Epipelic diatoms, shrimp ponds, lens tissue trapping method, Nitzschia, Pleurosigma 

INTRODUCTION  

Water quality management has a very important role in 
the success of shrimp aquaculture due to its direct impact 
on shrimp health and growth. Determination of the best 
indicators of water quality is a developing research area. 
Before the 20th century, the determination of water quality 
was based only on analysis of physicochemical parameters. 
In the early 20th century, research began to be conducted on 
using aquatic biota, both individuals and communities, as 
indicators of water quality. Qualitative and quantitative 
measurements on organisms like plankton can describe the 
overall water condition and quality. This is due to the direct 
impact of water physicochemical factors on aquatic 
organisms.  

However, plankton analysis cannot accurately assess 
the condition of the pond floor and its sediments important 
for bottom-dwelling organisms like shrimp. Therefore, 
analysis of the biota living on the pond bottom may be 
more appropriate for evaluating water quality phenomena 
near the bottom of shrimp ponds. A type of biota 
commonly found in sediments and water on the pond 
bottom is the epipelic diatoms. Epipelic diatoms are 
microalgae living on and inside the pond floor substrates. 
Their type and abundance are strongly influenced by the 
water quality and sediment conditions (Barbour et al. 1999; 
Garrido et al. 2013). According to Liboriussen and 
Jeppensen (2003), some lakes exhibit primary productivity 
of benthic algae that exceeds 190 g C/m2/year. The use of 
diatoms as a water quality indicator is better than the 

Saprobic Index due to the diatoms’ higher sensitivity 
towards conductivity and organic content (Almeida 2001; 
Cicek and Yamuc 2017). 

The use of epipelic diatoms as an indicator of shrimp 
pond fertility rate is still rather limited compared with the 
use of plankton. However, the structure and abundance of 
benthic diatom populations are very important in 
determining the water ecological condition (Picinska 
2007). Epipelic diatoms play an important role as a food 
source for meio-and micro-faunal grazers in shallow water 
ecosystems (Gould and Gallagher 1990; Althouse et al. 
2014).  

The purpose of the research described in this paper was 
to analyze the structure of epipelic diatoms at the bottom of 
shrimp ponds used in aquaculture in Lampung Province, 
Indonesia, and to determine the degree of correlation 
between epipelic diatom diversity and the quality of water 
and pond bottom sediments. 

MATERIALS AND METHODS 

Study area 
Our research was located in shrimp pond units in the 

Village of Kuala Teladas, Dente Teladas Sub-district, 
Tulang Bawang District, Lampung Province, Indonesia. 
The research location is displayed in Figure 1, and the pond 
sites illustrated in Figure 2.  
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Figure 1. Research location in Village of Kuala Teladas, Dente Teladas Sub-district, Tulang Bawang District, Lampung Province, 
Indonesia  
 
 
 

 
 
Figure 2. Pond sites illustration 

Materials 
This exploratory research studied the structure of 

epipelic diatoms populations in shrimp ponds and its 
relationship with pond environmental factors, particularly 
water and sediment quality. The main parameters assessed 
in this research were the epipelic diatoms type and 
abundance; sediment quality factors; and water quality 
factors. The sediment quality parameters consisted of total 
organic matter (TOM); cation-exchange capacity (CEC); 
soil pH; and soil texture. The water quality parameters 
consisted of water physical quality, namely temperature, 

transparency, and total suspended solids; as well as water 
chemical quality parameters of pH, dissolved oxygen (DO), 
salinity, nitrate concentration, phosphate concentration, 
total organic matter (TOM), alkalinity, and biological 
oxygen demand (BOD).  

Procedures 
Epipelic diatom sampling was conducted using the lens 

tissue trapping method. This technique is capable of 
capturing more than 70% of epipelic diatoms in aquatic 
sediments (Round 1993). Surface sediments and overlying 
water were taken using a glass tube, transported to the 
laboratory, and then poured out into a Petri dish. After 
removing the supernatant, the mud was covered with lens 
tissue and allowed to stand in the dark overnight. On the 
following day, the samples were put under low-level 
illumination. Epipelic diatoms moved up through the lens 
tissue and became attached to coverslips. The samples were 
preserved with 4% formaldehyde solution. The epipelic 
diatoms were counted on the identical area of the coverslip 
(Round 1993). The water quality parameters were 
measured using the standard methods described in APHA 
(1992). Identification of diatom species was carried out 
according to Davis (1955). 

Data analysis 
The epipelic diatom data were analyzed by calculating 

abundance, diversity index (Shannon-Weaver), uniformity 
(Evenness), true diversity measure (Jost 2006), and 
Nygaard index (Nygaard 1949). The correlation between 
epipelic diatom data and parameters of water and sediment 
quality were analyzed using nonparametric statistical 
methods (Spearman correlation) enabled by SPSS 14.0. 
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 RESULTS AND DISCUSSION 

The epipelic diatom data from 12 ponds is presented in 
Table 1. The data for physicochemical parameters of pond 
water and sediments are displayed in Table 2, 3, and 4. 
Forty-six species from eighteen epipelic diatom genera 
were found. Nitzschia was the dominant diatom genus 

found in all ponds with an abundance of 13 cells/cm2, 
followed by Pleurosigma (12 cells/cm2 ) and Amphora (5 
cells/cm2). The abundance of other genera were less than 4 
cells/cm2. The total abundance of epipelic diatoms varied 
among the ponds pond from 22 cells/cm2 to 123 cells/cm2, 

with an average of 54 cells/cm2.  

 
 
 
Table 1. Epipelic diatom species abundance for twelve shrimp ponds researched in Lampung Province, Indonesia 
 

Species 
Pond no. 

1 2 3 4 5 6 7 8 9 10 11 12 
Epipelic algae abundance (cells/cm2) 

Amphiprora alata (Ehrenberg) Kutzing  8 11 4   1   2   
Amphora hyaline (Kutzing)    5 1 2  1     
Amphora lineate Gregory 1 1  22 1 1 1     1 
Coscinodiscus radiatus Ehrenberg 1 1 4  4 1 1  7 2 4 10 
Cyclotella striata Kutzing   1 1 5    5   8 
Dactyliosolen antarcticus Castracane        6     
Fragilaria intermedia Grunow 1 1 1     7 1    
Grammatophora angulosa Ehrenberg   1 4  5 3 1 3 3    
Grammatophora marina (Lyngbye) Kutzing   1     3     
Grammatophora serpentina (Ralfs) Kutzing 5 1  3 3 7    3   
Gyrosigma acuminatum (Kutzing) Rabenhorst       3 1     
Gyrosigma balticum (Ehrenberg) Rabenhorst  4           
Gyrosigma spenceri (W.Smith) Griffith&Henfrey  1          1 
Gyrosigma strigile (W.Smith)    5  2 2 2 1 12 10 2 
Licmophora abbreviata C.Agardh          1   
Mastogloia minuta Greville  2  1         
Nitzschia closterium (Ehrenberg) W.Smith  5 1 1  2 1    1 3 
Nitzschia lanceolata W. Smith    1  1   1    
Nitzschia longissima (Brebisson) Ralfs     3   2 1  1  
Nitzschia paradoxa (J.F.Gmelin) Grunow 2 33 1 3 3 3 2  2  3 2 
Nitzschia pacifica Cupp 1 2 1 1 1 1 1      
Nitzschia plana W.Smith  3  3         
Nitzschia seriata Cleve      3 2    1  
Nitzschia sigma (Kutzing) W.Smith 1 34  1 1  2 2 1  2 1 
Nitzschia spectabilis (Ehrenberg) Ralfs  1  1    13     
Nitzschia vitrea G.Norman   1   1       
Navicula cancellata Donkin 1        1  1 3 
Navicula lyra Ehrenberg  1     1 1   1  
Pleurosigma affine Grunow   26   1   1  1 1 
Pleurosigma angulatum (Quekett) W.Smith 4   10  1 1      
Pleurosigma compactum Greville    2        1 
Pleurosigma fasciola (Ehrenberg) W.Smith 3   3 1 7  15   3  
Pleurosigma nicobaricum Grunow        3     
Pleurosigma pelagicum Cleve     2 3   2 6    
Pleurosigma rectum Donkin 1 22    2 3   1 14 7 
Rhabdonema adriaticum Kutzing   3  1   5 1 1 5  
Rhizosolenia styliformis T.Brightwell      1       
Rhizosolenia bergonii H.Peragalo    8         
Rhizosolenia delicatula Cleve    1         
Rhizosolenia robusta G.Norman      1       
Rhizosolenia setigera Brightwell    12  15    1   
Streptotecha indica Karsten G. 3   4      15   
Synedra gaillonii (Bory) Ehrenberg  2  2  12  5     
Thalassionema nitzschioides (Grunow)          1    
Triceratium reticulum Ehrenberg      1    1   
Triceratium rivale Schmidt          1   
Total Population 24 123 55 96 32 68 22 71 32 40 47 40 
Total Species 12 18 12 23 13 21 14 16 14 11 13 12 
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Table 3. Water quality chemical data for the twelve shrimp ponds in Lampung Province, Indonesia 
 

Pond no. 
Salinity  
 (ppt) 

pH 
Alkalinity  

 (mg/L) 
BOD  

 (mg/L) 
DO  

 (mg/L) 
TOM  

 (mg/L) 
Phosphate  

 (mg/L) 
Nitrate  

 (mg/Lm) 
1 30 8.8 108 20.1 4.5 8 0.08 0.01 
2 29 8.6 101 16.1 5.0 4 0.38 0.01 
3 28 8.1 113 20.1 4.4 14 0.44 0.01 
4 28 8.2 117 44.3 4.3 15 0.54 0.01 
5 26 7.2 97 7.0 3.2 36 0.23 0.03 
6 27 8.7 95 14.0 6.7 28 0.27 0.05 
7 26 8.6 97 4.7 6.3 44 0.36 0.07 
8 26 7.2 90 46.7 3.2 40 1.38 0.01 
9 26 8.0 99 24.8 5.6 23 0.46 0.01 
10 25 8.4 101 29.4 6.6 18 0.78 0.01 
11 24+ 8.4 90 20.1 6.7 3 0.57 0.01 
12 26 8.7 100 8.4 8.7 24 0.19 0.01 
Average 26.8 8.2 101 21.3 5.4 21 0.47 0.02 
Note: BOD (Biological Oxygen Demand) is the amount of dissolved oxygen (mg) required by aerobic organisms to decompose the 
organic matter per volume (l) of water sample. DO (Dissolved Oxygen) is the concentration (mg/L) of dissoved oxygen present in the 
water sample. TOM is Total Organic Matter 
 
 
Table 2. Water physical quality data in the twelve shrimp ponds in 
Lampung Province, Indonesia 
 

Pond no. Temperature  
 (oC) 

Transparency  
 (cm) 

TSS  
 (mg/L) 

1 30.0 30 144 
2 32.0 80 144 
3 28.6 65 147 
4 29.3 70 1341 
5 29.1 80 111 
6 29.1 65 115 
7 29.1 50 130 
8 31.6 65 140 
9 27.6 120 94 
10 28.5 90 127 
11 27.7 100 95 
12 27.7 90 127 
Average 29.2 76 124 
Note: Transparency is a relative measure of the visual clarity of 
the water. TSS (Total Suspended Solids) is the dry weight of 
suspended particles per litre of water 
 
 
Table 4. Sediment quality data for the twelve shrimp ponds in 
Lampung Province, Indonesia 
 

Pond no. 
Organic  
C (%) 

CEC  
 (me/100g) 

pH 
ORP  
 (mv) 

Soil texture  

1 2.11 14.4 6.5 34 Loam 
2 0.84 14.3 7.1 99 Loam 
3 0.61 3.1 7.0 18 Sandy loam 
4 0.42 3.1 7.4 47 Sand 
5 0.82 13.1 6.9 118 Loam 
6 1.84 14.7 6.5 68 Loam 
7 1.15 13.9 6.7 69 Loam 
8 1.76 12.5 6.8 49 Loam 
9 1.93 12.7 6.8 107 Loam 
10 0.97 10.4 6.7 126 Sandy loam 
11 1.73 9.9 6.8 67 Sandy loam 
12 0.89 12.3 6.7 109 Loam 
Average 1.26 11.20 6.8 76  
Note: CEC (Cation Exchange Capacity) is a measure of how 
many cations can be retained on soil particle surfaces. Units are 
milliequivalents per liter (meq/l). ORP (Oxidation-Reduction 
Potential) is a measure of the cleanliness of water: its oxidizing or 
reducing tendency. Units are millivolts (mV) 

Epipelic diatoms are microalgae that live by attaching 
to bottom substrates in aquatic habitats. According to 
Lysakova et al. (2007), epipelic diatoms dominate the 
benthic microalgae in a fish pond. The existence of epipelic 
diatoms is affected by sediment quality and water quality. 
Epipelic diatoms contain chlorophyll-a and exhibit positive 
phototaxis. Epipelic diatom species found in shrimp ponds 
have species similar to those in rivers (Gomez 1998; 
Kivrak and Uygun 2012), in coastal waters (Facca and 
Sfriso 2007) and in fish ponds (Lysakova et al. 2007). In 
the ponds in our study, the most abundant species were 
Nitzschia paradoxa, Nitzschia sigma, and Pleurosigma 
rectum. This observation was similar to the findings of 
Gottschalk et al. (2007) and Lysakova et al. (2007) 
regarding Nitzschia domination. 

Diversity and Uniformity Index 
Diversity index is a parameter used to indicate the level 

of stability of an observed community structure; which is 
closely related to the habitat characteristics occupied by the 
biota. On the other hand, uniformity index is used to assess 
the relative profusion of each individual organism. In our 
study, the diversity and uniformity indices of epipelic 
diatoms varied across sites (Figure 3). The diversity index 
of epipelic algae ranged between 1.7 (ponds 3 and 4) and 
2.5 (pond 6 and 7) with an average value of 2.2, while the 
uniformity index ranged from 0.5 (pond 4) to 0.9 (ponds 
1,5,7,8,9, and 12) averaging at 0.8. Pond 4 had a relatively 
low uniformity index characterized by Amphora lineata 
domination (22 cells/cm2). Based on these diversity 
indexes, the ponds were judged to fall into a moderate 
category, signifying that the pond diatom population 
structure could be altered by small environmental changes. 
According to the classification of the Shannon-Wiener 
index, if the diversity index is lower than 1, then the biota 
communities would be regarded as unstable, whereas a 
diversity index of 1-3 would be considered moderately 
unstable, and a value higher than 3 would signify a stable 
or prime condition (Mokoginta 2016). This suggests that in 
our study, the pond environments at the beginning of 
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culture were still relatively vulnerable to environmental 
changes; implying that fertilizing the ponds would be 
necessary. Nutrient enrichment by using fertilizer has the 
effect of significantly increasing epipelic diatom density 
(Licursi et al. 2015). 

True diversities 
The interpretation of diversity (H') and uniformity (E) 

values can be explained using true diversity values, by 
looking at the effective species (effective numbers of 
species) living in the ecosystem (Jost 2006). The true 
diversity values for each of the ponds in our study can be 
seen in Table 5. A pond exhibits a better true diversity 
value when it approaches the total number of species 
present in the pond (species richness). Pond 6 with a 
diversity index (H’) of 2.55 and uniformity index (E) of 
0.84 has a true diversity of 13; this means that it has an 
effective number of 13 species, out of a total number of 21 
species present in the pond. For pond 6 two species were 
dominant in the pond, namely Rhizosolenia setigera and 
Synedra goillonii. On the other hand, pond 4 had a 
diversity index (H') of 1.70, uniformity index (E) of 0.54 
and true diversity value of 6, so the effective number of 
species was only 6 out of 23 species present; with two 
species dominant, namely Amphora lineata and 
Rhizosolenia setigera.  

Having a high number of species is not necessarily 
better than having a fewer number; it all depends on the 
number of effective species living in the ecosystem (Jost 
2006). Pond 6 with a total of 21 species proved to be better 
than pond 4 which has 23, because pond 6 had 13 types of 
effective species, compared to the 6 effective species found 
in pond 4.  

The ponds that had the highest values for diversity and 
true diversity were ponds No. 5, 6, 7 and 8. The ponds 
happened to have low values for alkalinity, high values for 
Total Organic Matter (TOM) and mainly high values for 
nitrate concentration int heir water. The epipelic diatom 
that dominated in these ponds was Gramatophora angulosa 
(Table 6).  

While lowest diatom diversities and true diversities 
were found in ponds No. 3, 4, and 10. These ponds had 
generally low cation exchange capacity (CEC) values and 
organic C content, as well as sandy/sandy-loam soil texture. 
Amphiprora alata dominated in these ponds (Table 7). 
 
 

 
   
Figure 3. Diversity and Uniformity Index of epipelic diatoms in 
the twelve shrimp ponds evaluated in Lampung Province, 
Indonesia 
 
 
Table 5. The Diversity Index (H’) compared with the True 
Diversity of epipelic diatoms in the twelve research ponds 
evaluated in Lampung Province, Indonesia 
 

Pond no. Total species 
 Diversity 

H' True diversity 
1 12 2.23 9.29 
2 18 2.05 7.78 
3 12 1.73 5.62 
4 23 1.70 5.48 
5 13 2.45 11.58 
6 21 2.55 12.80 
7 14 2.54 12.67 
8 16 2.38 10.78 
9 14 2.30 10.00 
10 11 1.78 5.91 
11 13 2.11 8.28 
12 12 2.12 8.35 

 
 

 
Table 6. Water quality, and diatom diversity and true diversity for the best four ponds of the twelve evaluated in Lampung Province, 
Indonesia 
 

Pond no. Diversity True diversity Alkalinity (mg/L) TOM (mg/L) Nitrate (mg/L) Epipelic diatom  

6 2.55 12.80 95 28 0.05 Gramatophora 
angulosa 7 2.54 12.67 97 44 0.07 

8 2.38 10.78 90 40 0.01 
 
 

 
Table 7. Sediment quality, diversity and true diversity for the worst three ponds of the twelve evaluated in Lampung Province, 
Indonesia 
 

Pond no. Diversity  True diversity CEC (me/100g) Organic C (%) Soil texture Epipelic diatom 

3 1.73 5.62 3.1 0.61 Sandy loam Amphiprora alata 
4 1.70 5.48 3.1 0.42 Sandy 
10 1.78 5.91 10.4 0.97 Sandy loam 
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Nygaard Index (In) 
Nygaard index is determined by dividing the number of 

diatom species of the order Centrales by the number of 
species number of the order Pennales (Nygaard, 1949). 
Relatively high number of species in the order Centrales 
indicates eutrophic conditions, whereas a relatively higher 
number of species in the order Pennales indicates 
oligotrophic conditions. The range of Nygaard index falling 
into these categories is summarised here:  

0-0.2  : Habitat is oligotrophic 
>0.2  : Habitat is eutrophic 
The analysis of Nygaard Index values for each of the 

twelve ponds can be seen in Table 8.  
The Nygaard Index values for the research ponds varied 

from 0 (pond no. 8) to 0.82 (pond no.12), with an average 
of 0.24. According to the analysis, ponds with oligotrophic 
conditions were ponds No. 1, 2, 3, 7, 8,10, and 11, while 
ponds with eutrophic condition were ponds No. 4, 5, 6, 9 
and 12. 

According to our analysis of True Diversity and 
Nygaard Index, the most productive pond in terms of 
epipelic diatoms was pond No.6 while the pond with lowest 
productivity was No. 3. Pond No. 6 had the highest True 
Diversity and was grouped among the eutrophic ponds, 
while pond No. 3 had the lowest True Diversity and was 
grouped among the oligotrophic ponds. 

Correlation between epipelic diatoms and the quality of 
water and soil 

Based on non-parametric statistical analysis (Spearman 
Correlation) of data from the twelve ponds, the diversity 
index for epipelic diatoms is correlated with several 
parameters of water and sediment quality. The water 
quality parameters closely correlated with diversity index 
were alkalinity with a correlation coefficient (r) of 0.75, 
total organic matter (r = 0.71), and nitrate (r = 0.66) as 
presented in Tables 4, 5 and 6. The main components of 
water alkalinity are bicarbonate anion (HCO3

-), carbonate 
(CO3

=), and hydroxide (OH-). Bicarbonate anions are used 
by algae as a carbon source for photosynthesis, thus its 
availability greatly affects aquatic algae existence. Yang et 
al (2010) demonstrated that CO2 concentration affects the 
existence of epipelic diatoms in aquatic environments.  
 
Table 8. Nygaard Index values for epipelic diatoms in the twelve 
ponds evaluated in Lampung Province, Indonesia 
 
Pond  
no. 

Ordo 
Centrales 

Ordo 
Pennales 

Nygaard 
Index 

Classification 

1 1 23 0.04 Oligotrophic 
2 1 122 0.01 Oligotrophic 
3 5 50 0.10 Oligotrophic 
4 22 74 0.30 Eutrophic 
5 10 22 0.45 Eutrophic 
6 19 49 0.39 Eutrophic 
7 1 21 0.05 Oligotrophic 
8 0 71 0.00 Oligotrophic 
9 12 20 0.60 Eutrophic 
10 3 37 0.08 Oligotrophic 
11 4 43 0.09 Oligotrophic 
12 18 22 0.82 Eutrophic 
Average   0.24  

A sufficient quantity of dissolved organic material is 
needed by the algae. Research by Miho et al. (2005) 
showed that total organic matter as a mesure of fertility 
affects the diatom index. The organic matter decomposes, 
making nitrogen available, which is needed by the algae for 
their growth. Cicek and Yamuc (2017) showed that water 
temperature, pH, and conductivity positively affects the 
abundance of epilithic algae dominant species. However, 
excess organic material can have negative impacts on 
species diversity. Kivrak and Uygun (2012) revealed that 
the values for epipelic diatom diversity gradually decreased 
in response to increasing water pollution.  

The sediment quality parameters in our study that 
closely related to epipelic diatom diversity were soil 
cation-exchange capacity (CEC) (r = 0.72), clay content (r 
= 0.65), total organic matter (r = 0.62). The soil's ability to 
absorb or exchange cations is important for plant nutrient 
uptake, soil fertility, nutrient retention, and the response to 
fertilizing. The CEC affects the ability of soil colloid 
surfaces to bind nutrients added through fertilization. Soils 
with higher CEC value will have a higher level of fertility. 
Soil organic matter is a nitrogen source required for algae 
growth as well as a carbon source for photosynthesis. Total 
organic matter (TOM) in sufficient quantity is needed by 
the algae. The correlation between epipelic diatom 
diversity and water and sediment qualities in our study 
suggests that it can be used as an indicator to assess pond 
environmental quality. The finding is similar to the results 
of research conducted by Kivrak and Uygun (2012), 
Licursi et al. (2015), and Facca and Sfriso (2007). 

A number of water and sediment quality parameters 
exhibited an association with the epipelic diatom True 
Diversity values. Alkalinity between 95-100 mg/L 
generated good growth of epipelic diatom, while the 
optimal levels of total organic matter value for epipelic 
algae growth ranged between 28 mg/L and 44 mg/L. Soil 
texture also affected the True Diversity of the epipelic 
algae. Loam soils appeared to be more suitable for epipelic 
diatom’s growth compared to sandy soils, while sufficient 
total organic C (1%-2%) was required for epipelic diatom 
optimum growth. 
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Abstract. Trimanto, Hapsari L. 2018. Short communication: A new record of Etlingera megalocheilos (Griff.) A.D. Poulsen 
(Zingiberaceae) in Sulawesi, Indonesia. Biodiversitas 19: 1227-1235. A through morphological examination has been conducted to a 
living specimen of Zingiberaceae collection of Purwodadi Botanic Garden, East Java which was collected from Pangi Binangga Nature 
Reserve, Central Sulawesi. The result showed that the characters of the species match very well with the description of Etlingera 
megalocheilos. The distribution of E. megalocheilos was previously reported to occur only in Sundaland includes Peninsular Malaysia, 
Singapore, Sumatra, Java, and Borneo. Thus, E. megalocheilos is a newly recorded species in Sulawesi; and confirmed that its 
distribution record now has expanded to Wallacea. The key morphological characters of E. megalocheilos are labellum hourglass-
shaped, dull red or red to orange-red with the yellow margin, the anther is not covered by the corolla lobe, and have slightly angled 
filament. Detailed descriptions, photographs, and notes of the species are presented in this paper. Due to its high potential medicinal 
properties, further bioprospecting studies are necessary to conduct.  

Keywords: Etlingera megalocheilos, new record, Sulawesi, Zingiberaceae 

INTRODUCTION 

Etlingera Giseke is a large genus and morphologically 
diverse in the family Zingiberaceae. It represented by 
approximately of 150 to 200 species (Poulsen 2012). 
Etlingera species are evergreen and found mostly in 
equatorial evergreen forests, growing from lowlands to 
high altitudes of 2700 m. It is widely distributed from 
Northeast India and extends from Asia to Pacific Islands 
(Poulsen 2012; Yeats 2013). Due to present anthropogenic 
pressures on land and the consequential conversion of 
forested area to other uses, many of rainforest habitats are 
now greatly degraded, fragmented or lost entirely. 
However, some Etlingera species are found at forest 
margins and can exhibit vigorous growth in disturbed areas 
(Yeats 2013). Some species are cultivated for various 
purposes, such as E. elatior, E. fulgens, E. hemisphaerica, 
E. walang, etc. (Khaw 2001; Poulsen 2006; Poulsen 2007; 
Yeats 2013). 

The genus Etlingera is a terrestrial perennial herb 
which can range in height from less than 50 cm to nearly 
10 m. The larger species have strong, stout, leafy shoots 
called pseudostems arising from thick rhizomes which 
become robust with age. Several species have stilt roots to 
supports roots growing laterally and downward from their 
rhizome. The flowering shoot of Etlingera is a cone-like 
spike composed of bracts and flowers which are held on a 
peduncle of various lengths, with attractive and colorful 
tubular flower (Yeats 2013). Many species of Etlingera are 
used traditionally and commercially as food, herbs, 

medicines, and ornamentals; and also play an important 
role in the understorey layer as animal food source (Heyne 
1927; Noweg et al. 2003; Poulsen 2007; Chan et al. 2007; 
Gobilik and Limbawan 2010; Poulsen 2012; Lamb et al. 
2013; Lim 2014). 

 Etlingera megalocheilos (Griff.) A.D. Poulsen is one of 
wild ginger commonly called as Tepus (Heyne 1927; 
Poulsen 2006; Poulsen 2007). This species was described 
for the first time as Achasma megalocheilos by Griffith 
(1851) according to a specimen from Peninsular Malaysia. 
It was also mentioned by Ridley (1899), Holttum (1950), 
and Khaw (2001) was called E. littoralis following Burt 
and Smith (1986), and lastly was described by Poulsen 
(2007). Distribution of E. megalocheilos was previously 
reported to occurs in Peninsular Malaysia (Khaw 2001; 
Poulsen 2007), Sumatra (Poulsen 2007), Java (Poulsen 
2007), and the last report is distributed in Borneo (Poulsen 
2006; Poulsen 2007).  

The morphological characteristics of E. megalocheilos 
is most easily confused with E. coccinea since they both 
have inflorescence embedded in the soil and an elongate, 
with red and yellow labellum (Poulsen 2007). Moreover, E. 
megalocheilos is also closely related and similar to E. 
littoralis. It is known that E. littoralis has median red with 
a yellow lateral labellum (Chongkraijak et al. 2013). 
However, Smith (1986) was placed the species as 
synonymous as E. littoralis, even though their flowers 
bright red with no yellow color on the labellum. According 
to Poulsen (2007), the spesific characteristics of the species 
are petiole 1-4 cm, dorsal corolla lobe not covering the 
anther, the labellum is red with more or less pale red or 
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yellowish lateral lobe margins, the margins of the labellum 
are not enrolled, anther dehiscing in upper half only; and 
fruit top rounded, smooth or with a few warts. 

During field inspections to the gingers living collection 
in Purwodadi Botanic Gardens - Indonesian Institute of 
Sciences (Pasuruan, East Java), we have noticed a species 
collected from Pangi Binangga Nature Reserve, Central 
Sulawesi which suspected as E. megalocheilos. After a 
through examination, the morphological characteristics of 
the species were matched very well with the description of 
E. megalocheilos. The latest revision of Etlingera species 
in Sulawesi by Poulsen (2012) included 48 species, but E. 
megalocheilos was not listed. Therefore, this paper is 
aimed to report the first occurrence and new distribution 
record of E. megalocheilos in Sulawesi, Indonesia. This 
paper presents the detail morphological description of E. 
megalocheilos as a new record in Sulawesi and also 
discussed the comparison to its close related species i.e. 
E.littoralis and E. coccinea, its conservation concerns,  
potential uses and also future prospects.  

MATERIALS AND METHODS 

Study area 
The specimen examined was collected from Pangi 

Binangga Nature Reserve which located in Parigi Moutong 
Regency, Central Sulawesi, Indonesia (Figure 1). It has 
typical ecosystem of lowland tropical rainforest (< 1000 m 
alt.), with general topography of very steep (81.65 %) and 
steep (18,35%), annual rainfall in depth of 2,355 mm, daily 
temperature 19.80 to 26.20 C and relative humidity of 80% 

(BKSDA Sulteng, 2018). Furthermore, the living plants 
were ex situ conserved and well-cultivated at Purwodadi 
Botanic Gardens, Indonesian Institute of Sciences 
(Pasuruan, East Java, Indonesia) which has typical lowland 
and dry climate. The topography is flat to bumpy (±300 m 
alt.), with annual rainfall in depth of 1,812.5 mm, daily 
temperature 28.90 to 34.60 C, and relative humidity of 79% 
(Purwodadi Botanic Garden, 2018). The specimen 
examined was located at Vak V.E.I.62.  

Morphological characterization method 
The morphology of a newly recorded species was 

characterized from cultivated living plants from Sulawesi 
in Purwodadi Botanic Garden. Detailed morphological 
measurements in both vegetative and generative parts were 
made using a ruler, digital caliper, and a long arm 
microscope. Herbarium specimens were taken from the 
plants cultivated in the Garden, covering of leaves (dried), 
rhizomes and inflorescences (spirit); and deposited at the 
Herbarium of Pasuruan Hortus Botanicus Purwodadiensis 
(PHBP). For comparison, some digitized herbarium 
specimen sheets of E. megalocheilos from Herbarium of 
the Royal Botanic Garden of Edinburgh (E), materials from 
Malaysia and Indonesia; and living plant material of E. 
megalocheilos from Java were also observed. The 
morphological characteristics of the specimen examined 
were compared to descriptions of the protologue E. 
megalocheilos (Etlingera of Borneo 2006:167), digitized 
herbarium specimens, and E. megalocheilos from Java, also 
with some references.  

 
 
 

 

 
 
Figure 1. Distribution map of E. megalocheilos and its newly recorded location in Sulawesi, Indonesia 
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RESULTS AND DISCUSSION 

A detailed account comprising taxonomic treatments, 
basionym, synonym, descriptions, distribution, habitat and 
ecology, phenology, specimens examined, photographs and 
notes of this newly recorded species is provided hereunder: 

Taxonomic treatments 
Etlingera megalocheilos (Griff.) A.D. Poulsen, 

Etlingera of Borneo (2006) 167, Gard. Bull. Singapore 59 
(1&2) (2007) 161 — Type: W. Griffith s.n. (specimen not 
found): Malaysia, Johore, Mt. Ophir; Poulsen et al. 2341 
(AAU, BO, E): Indonesia, Banten Province; Poulsen et al. 
2461 (BO, E): Indonesia, West Java Province. 

Basionym: Achasma megalocheilos Griff., Not. Pl. 
Asiat. 3: 426 (1851), Ic. Pl. Asiat. 3: 355 (1851). 

Synonym: Amomum megalocheilos (Griff.) Baker, Fl. 
Brit. India 6: 236 (1892); Amomum rubroluteum Baker, Fl. 
Brit. India 6: 236 (1892); Etlingera rubrolutea (Baker) 
C.K. Lim, Folia Malaysiana 2: 157 (2001), Hornstedtia 
megalocheilos (Griff.) Ridl., J. Straits Branch Roy. Asiat. 
Soc. 32: 146 (1899). 

Description: Rhizomes long-creeping, subterranean 
(1.5-25 cm), stout, >2 cm in diameter, cream to pale brown, 
scales up to 6 cm, brown, pubescent at base. Leafy shoot to 
5 m, with up to 26 leaves, base to 8 cm in diameter and 2 
cm in the middle, dark green. Ligule up to 15 mm long, 
entire, green or tinged reddish brown, glabrous or with a 
few scattered hairs, margin ciliate. Petiole 15-35 mm, 
glabrous. Lamina to 78 x 16 cm, oblong, the broadest 
above the middle, mid to dark green, pale beneath; young 
leaf tinged reddish, glabrous (rarely pubescent), base 
unequal, apex acute. Inflorescence up to 13 cm long 
including peduncle, embedded in the soil, often some 
distance from base of leafy shoot, with 10-12 flowers, 2-5 
open at a time. Peduncle 2 cm long, subterranean, 
peduncular bracts cream to red, acute, shiny, glabrous. 
Spike to 10 cm x 2,5 cm long, cylindrical; flowers extended 
4 cm above the bracts, length only including bracts: 3-6 
cm. Sterile bracts up to 8, loosely and spirally arranged, to 
2-6 x 1-3.5 cm (upper longest and narrowest), ovate to 
broadly spathulate (widest above the middle), rigid, 
mucronate, cream-tinged pink or dark red, densely 
pubescent at least in lower half and shiny at upper half. 
Fertile bracts 5-7 x 0.6-1.5 cm, linear to spathulate, 
semitransparent, white in lower half and pink in upper half, 
pubescent in lower half, and pink; apex cucullate, ciliate. 
Bracteole 4.5-6 cm, pale pink, membranous, with two 
fissures of 1.5 cm; pubescent in lower half, apex 2-toothed, 
ciliate. Calyx 6-9 cm, almost reaching filament, ± as long 
as corolla lobes, white to pale red with pinkish apices, 
fissured 4-3.5 cm, pubescent in lower 1/4; apex irregularly 
3-toothed, tufted. Corolla tube 5.5 cm, pale red, darker at 
apex, glabrous, tube hairy inside especially in a 10 mm 
band ending 10 mm from labellum. Lobes pale red or pink, 
glabrous, delicately membranous; dorsal lobe 21-30 x 7-9 
mm, reaching near middle of anther (but pushed to the side 
by the lateral lobes of labellum leaving the anther ± 
exposed), elliptic, broadest below middle, apex slightly 
ciliate; lateral lobes 21-35 x 5-5 mm, linear-elliptic, the 

broadest below middle, apex slightly ciliate, insertion 
oblique, converging, 0-3 mm above dorsal lobe. Staminal 
tube 12-22 mm. Labellum hourglass-shaped, 45-50 x 20-25 
mm, plain red or red to orange-red with yellow margin, 
with a longitudinal central ridge, glabrous, lateral lobes 
erect, adhering to sides of anther, central lobe 40-48 x 17 
mm (measured from apex of anther and when flattened), 
spathulate, entire or emarginate (to 1.5 mm), margin 
recurved, apex extended 35 mm beyond anther. Stamen 17 
mm; filament 4 x 5 mm, slightly hairy on outside, pale red; 
anther 9-10 x 4-5 mm, broadest at apex, emarginate 3 mm, 
slightly angled 135-160, red, darker at crest; thecae 
dehiscing in upper 1/2-2/3, glabrous with a few hairs at the 
base. Style up to 7 cm, glabrous to very sparsely hairy 
adaxially near apex. Stigma 3 mm wide, rounded-triangular 
with a rounded back, pale or dark red; ostiole transverse, 
2.5-3 mm, facing downwards or forwards, perhaps flexi-
stylous. Ovary 3-7 x 3-4,5 mm, densely hairy. Fruit and 
seed not observed (Figure 2). 

Distribution: This species is distributed from 
Peninsular Malaysia (Khaw 2001; Poulsen 2007), Sumatra 
(Poulsen 2007), Java (Poulsen 2007), Borneo (Poulsen 
2006; Poulsen 2007); to Sulawesi (this study) (Figure 1).  

Habitat and ecology: There is no specific information 
about its natural habitat in Pangi Binangga Nature Reserve; 
since the plant materials were came from an early 
collection of Purwodadi Botanic Garden, in 1993. The 
natural habitat based on where the specimen examined was 
collected from the typical ecosystem of lowland tropical 
rainforest (alt. < 1000 m; Annual rainfall 2,355 mm). 
However, it was well grown and adapted in Purwodadi 
Botanic Gardens with typical lowland and dry climate (alt. 
±300 m; annual rainfall 1,812.5 mm). According to 
Poulsen (2006; Poulsen 2007), this species is often 
dominant in the forest gaps or completely open areas at 
altitudes 30 m to 1300 m alt.; like old gardens, abandoned 
rubber plantations, grazing areas or bamboo thickets near 
rivers or streams. A scholar reported that it grows wild on 
the riverbanks, roadsides and the edges of the Traditional 
Forest at Lekuk 50 Tumbi Lempur, Jambi, Sumatra 
(Novinovrita 2016). It commonly found as ornamentals in 
nature trails of lowland garden at Tawau Hills Park, Sabah; 
it prefers moist areas such as riverbanks, stream banks, and 
edges of natural ponds (Gobilik and Limbawan 2010). It 
often found in open areas such as abandoned plantations, 
gardens or places near rivers or streams (Chimera 2016).  

Phenology: It was reported by Griffith (1851) 
according to specimens from Peninsular Malaysia 
flowering in February. Whereas, Poulsen (2007) reported it 
was flowering on April in Banten Province and on August 
in West Java Province. However, according to our 
observation in Purwodadi Botanic Gardens (East Java), it 
was flowering from November to December. It may due to 
the differences of the climatic condition of each location. In 
addition, the flowers did not produce fruit and seed set, 
since it requires specialized pollinators. The inflorescence 
is adapted for pollination by birds hopping on the ground 
such as the sunbird Anthreptes malaccensis (Ibrahim and 
Setyawati 1999) and spiderhunters Arachnonthera 
longirostra (Poulsen 2006). 
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Figure 2. Etlingera megalocheilos (Griff.) A.D. Poulsen from Pangi Binangga Nature Reserve, Central Sulawesi cultivated in 
Purwodadi Botanic Garden. A. Habitus, B. Leaves, C. Ligule, D. Upper surface of leaves, E. Lower surface of leaves, F. Inflorescence 
(aerial view), G. Inflorescence with peduncle (side view), H. Sterile bracts, I. Flower with fertile bract, J. Fertile bract, K. Bracteole, L. 
Calyx, M. labellum with reproductive organ, N. Corolla lateral and dorsal lobes, O. Corolla tube, staminal tube, stamen and stigma, P. 
Labellum, Q. Rhizome, R. Transversal section of rhizome. 
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Specimens examined: P19930724/Sim.007, collected 

from Pangi Binangga Nature Reserve, Parigi Moutong 
Regency, Central Sulawesi (no GPS location recorded), 
planted in Purwodadi Botanic Gardens, East Java, at Vak 
V.E.I.6 on 26 December 1994, living plants flowering; 
PHBP 0002018 (dried herbarium) and PHBP 467 (spirit 
herbarium); P199109107/Is.11, collected from Alas Purwo 
National Park, Banyuwangi, East Java, planted in 
Purwodadi Botanic Garden, East Java, at Vak V.E.I.52-ab 
on 30 November 1992, living plants flowering. Digitized 
herbarium specimen sheets includes E00211420, material 
from Kinabalu National Park, Malaysia, Smith 31/86; 
E00211423, material from Tenom District, Sabah, 
Malaysia, Lamb 229/86 (Figure 3A); E00226789, material 
from Ujung Kulon National Park, Banten, Indonesia, 
Poulsen et al. 2341 (Figure 3B); and E00226817, material 
from Cibabi, West Java, Indonesia, Poulsen et al. 2461. 

Discussion 
After a through morphological observations, herbarium 

specimens, protologue and references studies, we 

concluded that the specimen examined is identified as E. 
megalocheilos. The characters were matched very well 
with the protologue description of E. megalocheilos from 
Borneo by Poulsen (2006) and also E. megalocheilos from 
Java (Poulsen, 2007). At first, this species was 
misidentified in the Garden as Amomum sp. When the 
living plants in the Garden was flowering, then we could 
fully characterize and identify it. We were also conducted a 
morphological comparison to the living collection of E. 
megalocheilos from Java, and the description result was 
similar. The key morphological characters of E. 
megalocheilos are labellum hourglass-shaped, plain red or 
red to orange-red with the yellow margin, the anther is not 
covered by the corolla lobe, and have slightly angled 
filament (Figure 2). Nonetheless, genetic testing using the 
molecular approach such as DNA barcodes is required to 
confirms the morphological identity result and compares to 
its closely related species. 

 
 
 
 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Digitized herbarium specimen sheets of Etlingera megalocheilos (Griff.) A.D. Poulsen from Herbarium of the Royal Botanic 
Garden Edinburgh (E): A. E00211423, material from Sabah, Malaysia and B. E00226789, material from Ujung Kulon NP, Indonesia 

A B 
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Notes of E. megalocheilos compare to its closely related 
species  

Before the latest revision by Poulsen (2006), the first 
report and whom describe this species was by Griffits 
(1851) called Achasma megalocheilos Griff. and then 
Khaw (2001) mentioned this taxon as E. littoralis. Indeed, 
the morphological characteristics of E. megalocheilos is 
confusing with E. littoralis. According to Khaw (2001), E. 
littoralis has horizontal labellum, blade elongate 7 cm long, 
2 cm wide, blade and basal lobes entirely red or with a 
yellow margin sometimes not reaching the broad apex, the 
margin of blade plain or crisped and crinkled, apex 
rounded, entire or slightly retuse. They have variations in 
lip color, most commonly encountered are plants with 
scarlet lips and a yellow margin. However, plants growing 
nearby may have scarlet lips edged orange-red or a third 
type. Whilst, description of E. megalocheilos by Poulsen 
(2007) is labellum hourglass-shaped, 52-70 x 20-22 mm, 
plain red or red to orange-red with yellow margin (Figure 
4A), with a longitudinal central ridge, glabrous, lateral 
lobes erect, adhering to sides of anther, base slightly 
auriculate.  

A comparison between those two species by 
Chongkraijak et al. (2013) confirms that E. megalocheilos 
was not synonymous with E. littoralis, they both are 
different species. The inflorescences of E. littoralis and E. 
megalocheilos are quite analogous, except the fruits are 
rather different. Morphologically, the inflorescence of E. 
megalocheilos has longer lip, a longer corolla tube, a 
longer labellum with median red and yellow edged (Figure 
4A), a narrower central lobe of the labellum, and a shorter 
and narrower stamen (Poulsen 2006; Poulsen 2007), while 
inflorescence of E. littoralis is short and compact; each 
flower shows bright red and yellow labellum 
(Chongkraijak et al. 2013; Figure 4B). The stamen of E. 
megalocheilos has angled filament ca. 135-160 (Poulsen 
2006; Poulsen 2007; Figure 5A; Figure 5B) whilst E. 
littoralis is quite erect with very slight angled filament ca. 
10-15 (Chongkraijak et al. 2013, Figure 5B). The fruits 
of E. megalocheilos are rounded and smooth (not ridged) 
(Poulsen 2006; Poulsen 2007; Figure 6A) whereas the 
fruits E. littoralis are also rounded but deeply ridged 
(Chongkraijak et al. 2013; Figure 6B). 

The other species which closely related to E. 
megalocheilos is E. coccinea. E. megalocheilos is most 
easily confused with E. coccinea that also has the 
inflorescence embedded in the soil and an elongate, with 
red and yellow labellum. However they both are different, 
E. coccinea distinguished in its (most often) sessile leaves, 
absence of tufts on the apex of the calyx, the broad and 
pink dorsal corolla lobe hooded (covering) over the stamen 
and stigma, the long-elongate labellum with a broad yellow 
center and red margin and thecae dehiscing almost to base. 
The margins are inrolled and like a tube so that the red at 
first glance appears to be in the center of the labellum 
(Poulsen 2006; Poulsen 2007; Naive et al. 2018; Figure 
4B). Whereas in E. megalocheilos the anther is not covered 

by the corolla lobe, the margins of the labellum are not 
enrolled, and the labellum is red with more or less pale red 
or yellowish lateral lobe margins (not yellow with red 
margins) (Poulsen 2006; Poulsen 2007; Figure 4A). 
Infructescence of E. megalocheilos is embedded in the soil, 
bracts not persistent, with rounded, smooth and densely 
pubescent fruits (Poulsen 2006; Poulsen 2007; Figure 6A), 
whilst infructescence of E. coccinea is partly embedded in 
the soil, bracts persistent, with young fruit subglobular and 
densely pubescent (Naive et al. 2018; Figure 6C). 

New distribution record of E. megalocheilos in Sulawesi 
The discovery of E. megalocheilos at Pangi Binangga 

Nature Reserve from this study is considered as a new 
record in Sulawesi, since some previous studies reported 
that the distribution of E. megalocheilos occurs only in 
Peninsular Malaysia, Singapore, Sumatra, Java, and Borneo 
(Khaw 2001; Poulsen 2006; Poulsen 2007; Figure 1). 
Moreover, the latest revision of Etlingera in Sulawesi by 
Poulsen (2012) consists of 48 species, but E. megalocheilos 
was not listed. The checklist including E. acanthoides, E. 
aculeatissima, E. alba, E. aulocheilos, E. bicolor, E. 
biloba, E. borealis, E. bullata, E. calobates, E. calophrys, 
E. canarina, E. caudata, E. chlorodonta, E. chrysantha, E. 
cylindrica, E. doliiformis, E. eburnea, E. echinulata, E. 
elatior, E. elegans, E. elliptica, E. flavovirens, E. flexuosa, 
E. grallata. E. heloconiifolia, E. heliconiifolia subsp. 
leucocheilos, E. hyalina, E. mundumiae, E. mucida, E. 
mucronata, E. orbiculata, E. orophila, E. pausodipsus, E. 
penicillata, E. polycarpa, E. polycarpa subsp. ligulata, E. 
rubroloba, E. sarasinorum, E. serrata, E. spinulosa, E. 
stenophylla, E. steringophora, E. sublimata, E. translucens, 
E. tubilabrum, E. urophylla, E. xanthantha, and E. yessiae. 
Sulawesi is located in the western part of Wallacea region. 
It is interesting upon this study, that the distribution of E. 
megalocheilos based on biogeographical designation has 
expanded from Sundaland to Wallacea. In addition, it is 
strongly assumed that this species also occurs in Papua. 

Conservation concerns 
The population of E. megalocheilos was reported scarce 

by Bakhuizen (1968), but it has been observed in several 
very open habitats and considers it rather resilient to 
disturbance (Poulsen 2007). The latest assessment by 
Chimera (2016), its conservation status was categorized as 
Least Concern (LC) with WRA score of 3.0; which means 
it is not considered as a red-listed category. It may actually 
have expanded since this species has broad climate 
suitability, reproduced by vegetative fragmentation but 
sometimes by seed as well, seeds and propagules possibly 
dispersed by deer and intentionally by people. However, it 
has low risk on the environment; no reports of invasiveness 
or negative impacts. It has limited evidence of cultivation 
or naturalized outside its native range.  
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Figure 4. Comparison of the inflorescence. A. E. megalocheilos from Sulawesi, median red and yellow edged labellum (this study), B. 
E.littoralis from Thailand, bright red and yellow labellum (Chongkraijak et al. 2013), and C. E. coccinea from Philippines, broad yellow 
center and red involute margins labellum (Naive et al. 2018) 
 
 
 

 
 

Figure 5. Comparison of the stamen. A. E. megalocheilos from Borneo, stamen with angled filament ca. 135 (Poulsen 2006); E. 
megalocheilos from Sulawesi, stamen with angled filament ca. 135-160 (this study), B. E. littoralis from Thailand, stamen quite erect 
with very slight angled filament ca. 10-15 (Chongkraijak et al. 2013)  
 
 
 

 

 
 
Figure 6. Comparison of the fruits. A. E. megalocheilos from Peninsular Malaysia courtesy by Forest Research Institute Malaysia 
(FRIM), (Chongkraijak et al. 2013), B. E. littoralis from Thailand (Chongkraijak et al. 2013), and C. E. coccinea from the Philippines 
(Naive et al. 2018) 
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Table 1. Some chemical compounds from different material 
sources of E. megalocheilos  
 

Chemical compounds 
Concentration (%) 

Rhiz.1 Leaf1 Rhiz.2 
Rhiz. & 

root3 
 (E)-anethole 1.4 0.7 - - 
 (E)-methyl isoeugenol 37.7 58.1 - - 
1,8-cineole 1.8 0.3 - - 
1-dodecanol - - - 15.9 
1-Naphthalene-
pentanoic acid 

- - 7.4 
- 

2-heptyl acetate 3.8 1.7 - - 
4,4-Dimethyl-
heptanedioic acid 

- - 7.1 
- 

Aromadendrene - - 8.9 - 
Aromadendrene oxide - - 24.8 24.8 
Azulene - - 3.0 - 
Borneol - - - 4.7 
Camphene 0.1 0.6 - - 
Camphor - - 4.4 - 
Caryophyllene - - 4.3 0.5 
Caryophyllene oxide - - 5.7 - 
Elemicin - - - 35.6 
Lauryl aldehyde - - - 7.9 
Methyl eugenol 0.9 0.9 - - 
Myrcene 0.6 0.1 - - 
Oxygenated diterpenes - - 14.3 - 
Oxygenated 
monoterpenes 

- - 28.6 
- 

Oxygenated 
sesquiterpenes 

- - 28.6 
- 

p-cymene 0.1 0.1 - - 
Sabinene 0.3 <0.05 - - 
Sesquiterpene 
hydrocarbons 

- - 21.4 
- 

Spathulenol - - 5.6 - 
Terpinen-4-ol 1.1 0.3 - - 
Terpineol oxide - - 13.0 - 
Verbenol - - 3.1 - 
α-gurjunene - - 3.3 - 
α-phellandrene 0.1 0.2 - - 
β-caryophyllene oxide - - - 1.2 
β-phellandrene 8.6 2.8 - - 
β-pinene 30.4 3.2 - - 
γ-terpinene 0.5 0.1 - - 
δ-selinene - - - 1.2 
δ-3-carene - 0.1 - - 
Reff.: 1) Wong et al. 2011; 2) Vairappan et al. 2012; 3) Nagappan 
et al. 2017 
 
 
Potential uses and future prospects 

The local name of E. megalocheilos is called Tuis by 
local people in Sulawesi (Data Record from Registration 
Unit of Purwodadi Botanic Garden), Tepus by Sundanese 
(Heyne 1927), Tepu by Malaysian (Noweg et al. 2003; Lim 
2014), Tepus Kampong by Ibanic Dayak group, West 
Kalimantan (Dewi 2016) and Pua by community in Jambi, 
Sumatra (Novinovrita 2016). This species was not 
cultivated by local peoples, but the fruits are searched from 
the wild populations and edible (Heyne 1927). In Sabah 
(Malaysia), the hearts of young shoots, flower buds, and 
fruits are eaten (Noweg et al. 2003; Lim 2014); the aril is 

tasted sweet and sour (Lamb et al. 2013). It has prospects 
as outdoor ornamental ginger due to its red conspicuous 
flowers (Gobilik and Limbawan 2010). 

Some bioprospecting studies on E. megalocheilos to 
search for its medicinal and other commercially valuable 
compounds have been conducted. Findings showed that 
leaves, rhizomes, stems, inflorescences and fruits of E. 
megalocheilos contain essential oils, volatile and non-
volatile compounds which exhibited antioxidant, 
cytotoxicity and microbial activities (Chan et al. 2007; 
Sivasothy 2008; Wong et al. 2010; Vairappan et al. 2012; 
Nagappan et al. 2017). Some chemical compounds have 
been identified (Table 1) and its potential usefulness has 
been known; the rests have not been known yet. Further 
bioprospecting studies are necessary to conduct. With 
promising medicinal properties and activities, the species 
has great potential to be developed into natural 
preservatives and herbal products, applicable to the food, 
cosmetics, and nutraceutical industries. 
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Abstract. Wijayanti DP, Sabdono A, Widyananto PA, Dirgantara D, Hidaka M. 2018. Bacterial symbionts of acroporid corals: 
Antipathogenic potency against Black Band Disease. Biodiversitas 19: 1236-1242. Black Band Disease (BBD), an infectious coral 
disease which can cause a rapid decline of coral reefs, has appeared as a serious threat -to many reefs around the world including 
Karimunjawa National Park, Java Sea. Although it had been studied for more than 30 years, control of disease remains obscure. In the 
present research coral symbiont bacteria having antipathogenic activity against Black Band bacterial associate were screened and 
characterized. Fourteen out of 87 bacteria isolates derived from healthy corals showed antagonism against the Black Band bacterial 
strains. The isolates were then re-examined using disc-diffusion method to confirm the initial observation. The CI6 showed the strongest 
ability to inhibit BAFBB5, a bacterial strain associated with the BBD. Following the partial sequencings of 16S rDNA, the results 
indicated that the CI6 isolate was closely related to Virgibacillus salarius strain SA-Vb1, while the BBD associate isolate has strong 
relation with Virgibacillus marismortui. The results have shown that bacterial strains derived from healthy acroporid corals have 
potential to be used as a biocontrol agent against BBD.  

Keywords: Acropora, antipathogenic activity, Black Band Disease, Karimunjawa, Virgibacillus  

INTRODUCTION  

Coral disease outbreaks are one of the main factors 
contributing to the decline of coral reefs globally (Weil et 
al. 2006). Diseases have increased in some occurrence and 
severity, number of coral hosts infected and the 
geographical extent of outbreaks (Harvell et al. 2004). 
Increased disease prevalence also may be related with in-
balance in the coral essential microbial community that 
affects the relationship between coral host and 
zooxanthellae to form coral holobiont to fight invasion by 
other pathogenic microbes (Bourne et al. 2009).  

Black Band Disease (BBD) is known as one of most 
destructive disease which caused large-scale mortalities 
and severe damage to coral reefs in the world (Dinsdale 
2000; Al-Moghrabi 2001; Sutherland et al. 2004; Weil 
2004; Yang et al. 2014). BBD was described as darkly 
pigmented microbial mat that necrotizing the healthy coral 
tissue which leads to mortality of the colonies  (Beeden et 
al. 2008). Currently, various strain of cyanobacteria and 
diverse bacteria community was identified as the precursor 
of the BBD (Gantar et al. 2011; Buerger et al. 2016). 
Various environmental factors were attributed to the onset 
and progression of the disease. Light was thought to be 
involved in the pathogenesis of BBD. Mat of filamentous 
bacteria will be down when light levels are high  (Viehman 
and Richardson 2000). Nutrient enrichment was reported to 
increase the progression of BBD  (Voss and Richardson 
2006). However, various progression rates of BBD mats 

were reported among different host, geographic range and 
season. Sutherland et al. (2004) reported that the 
progression rate of BBD lesion in the Caribbean coral was 
3 cm d-1. Different progression rates were observed when 
combination factors of light and temperature were used in a 
controlled experiment. The greatest progression rate was 
observed in the highest temperature and light treatment 
(5.2 mm d−1) (Sato et al. 2011). While a peculiar slow 
progression was reported from Indian Ocean (Montano et 
al. 2015). Elevated temperature was thought contributed to 
the incidence of the disease  (Richardson and Kuta 2003).  

To date, no major disease outbreaks have yet been 
reported from Indonesia. Little is known about coral 
disease and its status in Indonesia, despite large area of the 
coral reefs (Johan et al. 2016). Black Band Disease (BBD) 
is the most notable disease reported from Indonesian 
waters. Prevalence and incidence of BBD were reported 
from Seribu Island with Montipora is the main genus 
infected by the disease (Johan et al. 2012; Delpopi et al. 
2015; Johan et al. 2016). BBD was also reported from 
Lembata, East Nusa Tenggara (Abrar et al. 2012); and 
Wakatobi National Park (WNP) (Haapkylä et al. 2007; 
Muller et al. 2012) with Montipora sp. (Abrar et al. 2012; 
Johan et al. 2012; Johan et al. 2016) and Diploastrea 
heliopora (Muller et al. 2012) are the main coral suffered 
from the disease. Myroides odoratimimus strain BBD1, 
Bacillus algicola strain BBD2 and Marine Alcaligenaceae 
bacterium strain BBD3 were reported as causative agents of 
the disease at Karimunjawa  (Sabdono and Radjasa 2006a).  
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Various strategies are attempted to stop the spreading of 
disease. It is common to control the spreading of the 
disease using other microorganisms especially in plants  
(Shoda, 2000). In coral, antagonistic potential activity of 
Vibrionales and Alteromonadales isolated from healthy 
coral Montastrea annularis was observed against the 
growth of the coral pathogen Vibrio at 25ºC (Rypien et al. 
2009). Efrony et al. (2007) used lytic bacteriophages to 
control the growth of Thalosomonas loyaeana, causative 
agent of White Plague disease in Favia favus. Antibacterial 
activity developed from coral-associated bacteria were used 
to inhibit the growth of BBD causative agents (Gantar et al. 
2011; Sabdono et al. 2014; Sabdono et al. 2017). However, 
the emergence of new agents of BBD, prompted attempts 
to find more antibacterial activity to control the progression 
of BBD. 

Occurrence of Acroporid BBD that leads to degrading 
of coral ecosystem in Karimunjawa Islands continued to 
observed in various researches  (Sabdono et al. 2014; 
Sabdono et al. 2017). High tourism activities were thought 
triggered reefs deterioration (Taruc 2011). Increasing 
number of boats use for tourist leads to a decrease in water 
quality, while irresponsible tourist contributes to increase 
waste pollution (BTNKJ 2016). The present research was 
conducted to find the causative agent of BBD in the 
Acroporidae and the potency of healthy coral associate-

bacteria that have antibacterial activity against the BBD 
causative agents.  

MATERIALS AND METHODS 

Study area  
Karimunjawa was designated as a restricted area in 

1986 based on the Decree of the Minister of Forestry 
(PHKA No. 123/ Kpts-II/1986) as an effort to protect 
biodiversity of the reefs from destructive fishing activities. 
It was subsequently designated as a formal Marine 
Protected Area based on Minister of Forestry Decree No. 
74/Kpts-II/2001 (Campbell et al. 2013).  

Apparently healthy and infected coral colonies were 
collected by scuba diving at depths of 5 to 6 m of sampling 
area on September 2015 (Figure 1). The coral tissues were 
removed using hammer and chisel by partially reclining 
coral colonies to cut off part of the tissue (crapping) that 
affected by the disease and healthy part. Fragments were 
kept in labeled zip lock plastic to avoid contact with open 
air before brought to the sea surface (Sabdono and Radjasa 
2006a). Samples were processed soon after collection. 
Number of healthy coral colonies that were collected from 
each site and number of isolates obtained from healthy 
corals was shown in Table 1. 

 
 
 

 
 
Figure 1. Samples were collected from Barakuda Beach (E 110°29'54,8" S 05°49'16,9") and Pantai Batu Putih (E 110°29'30,1" S 
05°48'21,1") of Kemujan Island and Site I (E 110°22'50,5" S 05°49'57,7") and Site II (E 110°22'44,4" S 05°50'05,4") of Cemara Kecil 
Island, Karimunjawa Islands, Central Java, Indonesia 
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Table 1. Sampling location, name of healthy colonies collected and number of isolates obtained from healthy coral in Karimunjawa 
Islands, Central Java, Indonesia 
 

Kemujan Island  Cemara Kecil Island 

Barakuda Beach 
(E 11029”54.8” S 0549’16.9”) 

Pantai Batu Putih 
(E 110°29'30.1" S 05°48'21.1") 

 
 

(Site I) E 110°22'50,5" S 05°49'57,7" 
(Site II) E 110°22'44,4" S 05°50'05,4" 

Healthy coral samples 
(isolate code) 

Number of isolates 
collected 

Healthy coral samples  
(isolate code) 

Number of isolates 
collected 

 
 

Healthy coral samples  
(isolate code) 

Number of isolates 
collected 

Acropora muricata 
(BAF) 

7 Acropora hyacinthus 
(PAH) 

6  Cyphastrea sp. (CC) 6 

Porites sp. (BP) 10 Montipora sp. (PM) 5  Isopora palifera (CI) 7 
Favia sp. (BF) 7    Acropora aspera (CAA) 9 
Montipora sp. (BMT) 12    Acropora gomezii (CAG) 6 
     Acropora muricata (CAF) 6 
     Stylophora pistillata (CSP) 6 
       
Total isolates collected 47  11   40 
 
 
 
 

Bacterial isolation was conducted followed the method 
of Sabdono and Radjasa (2006b) with minor modification. 
Scraped off coral tissues were then minced using mortar 
and pestle. The paste tissues were serially diluted, grown 
on a half strength ZoBell 2216E marine agar medium and 
incubated at room temperature for 2 days. Based on 
bacterial morphology, the colonies were then selected 
randomly and purified by streak method. 

Antipathogenic assay 
Antagonistic activity of the bacterial colonies was then 

observed by agar overlay and diffusion methods following 
description in Radjasa et al. (2007). Antipathogenic assay 
was done on each BBD bacterial strains. The ability of 
coral bacterial symbiont against BBD bacterial isolate was 
tested using an overlay test method. Aliquots culture in the 
logarithmic growth phase (ca 108 cells ml-1) of BBD 
associated bacteria were mixed with Zobell 2216E soft agar 
medium. The soft agar- isolates mixed was then poured on 
to an agar medium surface that already contained coral 
bacterial symbiont and was incubated for 96 hours. The 
plates were then incubated for 48 hours at room 
temperature. Antipathogenic activity was observed when 
coral bacterial colonies demonstrated a halo formation to 
inhibit the growth of the BBD bacterial strain.  

Interactions that demonstrated antagonism were 
rescreened for further investigation by using diffusion agar 
method. The culture of 100 µl of BBD associated bacteria 
in the logarithmic phase (ca. 109 cells ml-1) was spread on 
to agar medium. To rescreened the BBD associated 
bacteria, filter paper discs (8 mm in diameter, Advantec 
Toyo Roshi Ltd, Japan), carrying 35 µl of selected coral 
bacterial isolates, were placed on the surface of medium. 
The plates were then incubated for 48 hours at room 
temperature. The inhibitory interaction was determined by 
the appearance of inhibition zones around the paper disc 
and was measured quantitatively. 

Molecular taxonomy identification 
Molecular identification of BBD associated bacteria 

and coral symbiont bacteria were conducted following a 

method described by (Radjasa et al. 2007). PCR product of 
antipathogenic DNA was obtained from selected coral 
symbiont bacterial cells that were extracted using freeze 
and thaw method. PCR amplification to amplify 16S rDNA 
was conducted using forward primer [ (8-27: 5’-
AGAGTTTGATCCTGGCTCAG-3’  (Weisburg et al. 
1991) and reverse primer 1510-1492: 5’-
GGTTACCTTGTTACGACTT-3’  (Reysenbach et al. 
1992)]. BLAST searching was used to analyze homologies 
between the sequences obtained with bacterial sequences 
deposited in the database. Phylogenetic and multiple 
alignments/pairwise the DNA sequence analysis was 
performed with the MEGA 5.0 software package  (Kumar 
et al. 2004).  

Nucleotide sequences of the 16S rDNA from the 
antipathogenic BBD bacteria and the possible causative 
agent of the disease were already deposited to the 
GeneBank database under accession number LC260001 
and LC259996.  

RESULTS AND DISCUSSION 

BBD was observed to attacked Acropora muricata at 
Pasir Putih Beach, Kemojan Island. The coral showed 
characteristic of BBD lesions since darkly pigmented 
microbial mat appeared formed a concentric necrosis band-
like that revealed bare skeleton at the adjacent of the 
microbial mat (Beeden et al. 2008). Total 87 bacterial 
isolates were obtained from various collected healthy 
corals, while 8 strains were isolated from BBD bacterial 
mat of A. muricata (Figure 2)  

Antipathogenic assay  
Based on the overlay test, 14 isolates out of 87 

(approximately 16%) bacteria isolates of healthy corals 
showed antagonism activity against BBD isolates. One 
isolate showed antagonism activity against two isolates of 
Black Band disease while 13 isolates only able to inhibited 
1 isolate of BBD. The 14 isolates that managed to inhibit at 
least 1 BBD isolates were then reexamined by using agar 
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disc-diffusion method to confirm previous observation. 
Only 3 isolates successfully inhibited the growth of BBD 
isolates after the test. Strongest activity was shown by CI 6 
isolate that could inhibit the growth of one BBD isolate 
BAFBB 5 by inhibition zone 3,66 ± 0,89 mm followed by 
PAH 6 isolate against BAFBB 3 with inhibition zone 1,93 
± 0,35 (mm) and CI 1 against BAFBB 5 with inhibition 
zone 1,76 ± 0,37 (mm) (Table 2). 

The strongest isolate that showed capability to inhibit 
the growth of BBD bacterial strains, as well as the 
opponent strain, were then subjected to 16S rDNA 
sequence analysis. The sequencing results were analyzed to 
homology of deposited sequenced of known bacteria in the 
GenBank. The homology showed that the sequences have 
99% similarity to the known bacterial sequence in the 
GenBank (Table 3).  

Result of BLAST searching found that the healthy coral 
isolate CI 6 has strong relationship with Virgibacillus 
salarius. While BLAST searching of disease agent found 
that the BBD BAFBB 5 isolate showed similarity with 
Virgibacillus marismortui The accession numbers of 16S 
rDNA of other strain cited and used as well as comparison 
are presented in Figure 3.  

Discussion 
Coral disease outbreaks are now recognized as the main 

factors contributing to the global decline of coral reefs 
(Weil et al. 2006). Together with coral bleaching, coral 
disease risk more than 32% of reef-building corals around 
the world to face an extinction (Carpenter et al. 2008). 
Lesser et al. (2007) suggested that environmental changing 
contribute to coral's holobiont balance composition which 
triggered the appearance of pathogenic bacteria.  

In this study, BBD was reported to be found at 
Karimunjawa Islands. BBD was observed at Pasir Putih 
Beach, Kemojan Island. BBD was also found at different 
island of Karimunjawa Islands (Sabdono and Radjasa 
2006a,b; Hasbullah et al. 2012; Sabdono et al. 2017). 
Karimunjawa Islands currently is emerging as new tourist 
destination (Taruc 2011). Increasing tourist activities are 
thought contribute to the decrease of water quality (BTNKJ 
2016). Daily dumping of sewage and other pollutants were 
thought as precursor of BBD incidence (Frias-Lopez et al. 
2002). However, recent report from Seribu Island 
suggested no linear relationship between distance of BBD 
incidence from major population centers as most probable 
resource of sewage dumping and other pollutants (Johan et 
al. 2016).  

 
 
Figure 2. Acropora muricata infected by Black Band Disease in 
Kemujan Island, Karimunjawa National Park, (1) Alive tissue of the 
coral, (2) Lession of coral disease with Black Band mat, (3) Death 
area of the coral, (4) death area that has been overgrown by algae 
 
 
 
Table 2. Mean and standard deviation (M± SD) of anti-
pathogenic assay by using diffusion agar 
 
Healthy coral isolates 
code 

Pathogenic 
isolates code 

Agar diffusion 
(mm) 

CI 6 BAFBB 5 3.66 ± 0.89 
PAH 6 BAFBB 3 1.93 ± 0.35 
CI 1 BAFBB 5 1.76 ± 0.37 
 
 

 
 
 
 
 
Tabel 3. BLAST analysis at GenBank; CI 6, the antipathogenic isolate derived from healthy coral; BAFBB 5, BBD causative agents  
 

Isolate code Length of nucleotide (bp) Closest relationship Homology (%) Accession number (BLAST NCBI) 

CI 6 1436 Virgibacillus salarius 99% NR 041270.1 
BAFBB 5 1552 Virgibacillus marismortui 99% NR 028873.1 

 
 

1 

2 

3 

4 
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B

 
 
Figure 3. Phylogenetic tree based on the 16S ribosomal DNA sequence data showing the relationships of representative strains with the 
most closely related bacteria identified in the GenBank database. (A) Showed closest match between CI6 (LC 260001), associate 
bacteria obtained from coral symbiont bacteria that has ability to inhibit growth of BBD associated bacteria, Virgibacillus salarius strain 
SA-Vb1. Carnobacterium pleistocenium was used as outgroup. (B) Showed closest relationship between BAFBB 5 (LC 259996) 
associate bacteria that caused a black band disease and Virgibacillus marismortui strain 123. Pseudoalteromonas aliena was used as 
outgroup 
 
 
 
  

BBD is the best-studied coral disease with numerous 
researches ranging from pathogeneses to etiology and 
epizootiology (Weil and Rogers 2011). Based on their 
consistently dominant populations in the BBD bacterial 
mat, Carlton and Richardson (1995) suggested that a 
microbial consortium consists of a cyanobacterium 
(Phormidium corallyticum), a sulfide-oxidizing bacterium 
(Beggiatoa sp.) and a sulfate-reducing bacterium 
(Desulfovibrio sp.) contribute to the incidence of the BBD. 
However, growing studies showed that multi etiologic 
agents are responsible for BBD incidence (Buerger et al. 
2016). The BBD microbial community is reported to be 
varied among region (Weil and Rogers 2011) and depend 
on host coral species and methodology used (Cooney et 
al.2002; Frias-Lopez et al. 2004; Sekar et al. 2006). Differ 
bacterial composition observed spatially or temporally was 
reported from Florida, Bahamas and the US Virgin (Voss et 
al. 2007). Barneah et al. (2007) suggested that BBD is a 
polymicrobial disease. Molecular techniques revealed 
wider range of microorganisms than previously described 
(Bourne et al. 2009). Current review on BBD onset 

suggested that shifting of microbial community triggered 
the virulence of the disease (Sato et al. 2016).  

In this study, 14 isolates out of 87 (approximately 16%) 
bacteria isolates of healthy corals showed antagonism 
activity against the BBD isolates. Similar results were 
obtained from previous study when 34 (18.58%) of 
cultured strains obtained from healthy corals showed their 
antimicrobial activity against the BBD strains of Montipora 
sp. (Sabdono et al. 2017). In Acropora palmata, almost 
20% of the culture bacteria isolated from the coral mucus 
demonstrated antipathogenic activity, including towards the 
causative agent of white pox disease (Ritchie, 2006). 
Lower results were obtained from antipathogenic study of 
culture strains isolated from Oculina patagonica, where 
only 5.8% among the cultured strains showed antibacterial 
activity against Vibrio shiloi, the known pathogen of the 
coral (Nissimov et al. 2009). Differ results were reported 
from the Red Sea. The stony corals showed little or no 
antibacterial activity against marine bacteria isolated from 
the seawater compared to 83% of soft coral antimicrobial 
activity (Kelman et al. 2006).   

B 

A 
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Inhibition zones that were observed on the overlay test 
and the agar diffused test result indicated the possible 
production of antipathogenic activity of coral symbiont 
bacterial against the BBD isolate. Antibacterial activity 
demonstrated by associated-bacteria of healthy coral is 
likely showed beneficial relationship among resident of 
microbial community that might be useful for coral 
protection against pathogenic bacteria (Weir and Rogers, 
2011). However, its mechanism needs further investigation. 
Krediet et al. (2012) suggested that coral commensal 
bacteria may block the expansion of opportunistic 
pathogens though metabolic interaction was not clear. In 
this study, V. salarius which showed antibacterial activity 
against the BBD strain was obtained from the A. muricata 
that suffered from the disease. Gantar et al. (2011) 
demonstrated that BBD cyanobacteria played a significant 
role in structuring the multiple partite of BBD microbial 
community by production of antimicrobial compounds. 

Characterization of bacteria associated with the disease 
as well as antipathogenic data was already reported from 
Karimunjawa Island. Various strains of bacteria, member 
of Phylum Bacteriodetes and γ-proteobacteria were 
reported to be associated with BBD  (Sabdono and Radjasa 
2006a; Sabdono et al. 2017). Phylogenetic analysis shows 
that associated bacteria CI 6 obtained from healthy coral 
that have antipathogenic ability is closely related to 
Virgibacillus salarius, a gram-positive, endospore-forming, 
rod-shaped and moderately halophilic bacterium isolated 
from Saharan salt lake (Hua et al. 2008). While the BBD 
associate bacteria, BAFBB 5 isolate has close relationship 
with V. marismortui, a halophilic bacteria isolated from 
Dead Sea, a member of Phylum Firmicutes (Arahal et al. 
1999). Both bacteria are member of genus Virgibacillus, 
belongs to family Bacillaceae within phylum Firmicutes. 
The members of the genus commonly found in many 
habitats and mostly are isolated from saline environments 
(Sánchez-Porro et al. 2014). Barneah et al. (2007) reported 
that Firmicutes bacteria was among bacterial group that 
found at the adjacent area of coral tissues that affected by 
BBD. Firmicutes was also known as common bacterial 
group found in mucus of healthy corals, microbial mat of 
BBD and surface of death coral after attacked by BBD  
(Frias-Lopez et al. 2002). However, none of bacteria that 
caused the BBD infection at Karimunjawa Islands are same 
as currently reported as causative agent of BBD from the 
Caribbean. It is likely that wide range of microbial 
community is responsible for BBD infection of corals as 
reported previously (Barneah et al. 2007; Bourne et al. 
2009; Weil and Rogers, 2011; Buerger et al. 2016).  

In conclusion, the diverse acroporid corals-isolated 
bacteria from the Cemara Kecil island, Karimunjawa have 
limited metabolites with different strength of antibacterial 
activities. The presence of Firmicutes bacteria against 
Firmicutes strain may play significant roles in structuring 
microbial community at the corals and provide 
antipathogenic activity against BBD bacterial strains. 
These bacterial group can be of potential use to biocontrol 
agents of BBD coral disease at least at Karimunjawa 
Islands. 
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Abstract. Sumardi, Basyuni M, Wati R. 2018. Antimicrobial activity of polyisoprenoids of sixteen mangrove species from North 
Sumatra, Indonesia. Biodiversitas 19: 1243-1248. Mangroves including those that are distributed in the coast of North Sumatra contain 
polyisoprenoid with varying levels of polyprenol and dolichol constituents. Differences in polyisoprenoid levels were closely related to 
the salinity of sea but the information about their biological activities is scarce. The present study aimed to describe the biological 
activities, antimicrobial, antioxidant, and antifungal effects of polyisoprenoid extracts from sixteen mangrove species of North Sumatra, 
Indonesia. Polyisoprenoids were isolated from mangrove leaves and tested for their antimicrobial activity against Escherichia coli, 
Staphylococcus aureus, and Candida albicans. Meanwhile, their antioxidant activity was represented by their capacity in scavenging 
DPPH (2,2-diphenyl-1-picrylhydrazyl) free-radical agents. The most predominant polyisoprenoids found in sixteen mangrove leaf 
extracts was dolichols (75%). Polyprenols-dominant species, Acacia auriculiformis, Hibiscus tiliaceus, Pongamia pinnata, and Ricinus 
communis, and dolichols-dominant species, Avicennia lanata, Av. marina, Av. officinalis, Barringtonia asiatica, Bruguiera 
gymnorrhiza, Calophyllum inophyllum, Nypa fruticans, and Pandanus odoratissimus, inhibited the growth of E. coli and S. aureus. 
However, the antioxidant activity of those sixteen mangrove species was of a weak category. Surprisingly, all other mangroves 
polyisoprenoid extracts did not inhibit C. albicans growth. This study suggested that polyisoprenoids in mangroves have potential 
antibacterial properties to be developed further. 

Keywords: Antioxidant, antibacterial, antifungal, mangrove leaves, nonsaponifiable lipid 

INTRODUCTION 
 

Mangroves exist widely in the tropics and subtropics 
where 75% of them are distributed in 15 countries while 
22.6% of the global mangrove was found in Indonesia (Giri 
et al. 2010). Mangrove forest in North Sumatra mainly 
existed in the eastern coast of Sumatra island and occupied 
37,132.62 ha in 2015 (Basyuni and Sulistiyono 2018) 
Mangroves play an important role in the socio-economic 
development of surrounding communities, especially in the 
region of North Sumatra (Basyuni et al. 2018a, 2018b). 
Mangroves are used as firewood and charcoal, as well as 
for traditional medicine (Bandaranayake, 1998). 
Mangroves are well known to produce secondary 
metabolites that have promising health benefits, lipid input 
into estuarine, and biomarkers for organic matters (Basyuni 
et al. 2007; Patra and Thatoi 2010; Koch et al. 2011). 

The enormous potential of mangrove’ bioactive 
compounds is not fully utilized. In this context, mangroves 
can be used for pharmaceutical, especially antimicrobial 
(Patra and Thatoi 2010). The antimicrobial development 
has a role of important because of the crisis of antibiotic 
resistance. They have played in medicine, surgery and 
chemotherapy. Beside that continuous use of them cause 
side effects on the degenerative therapy (Ventola 2015). 

Polyisoprenoid alcohols were a group of compounds 
that have an essential role in living things, including in 
mangrove plants that are firmly related to the biosynthesis 
of secondary metabolites of isoprenoid (Basyuni et al. 
2007, 2016, 2017a, 2018c). Isoprenoid and polyisoprenoid 
compounds are the most diverse plant secondary 
metabolites (Basyuni et al. 2007, 2012, 2016, 2017a; 
Skorupinska-Tudek et al. 2008; Koch et al. 2011). These 
compounds were encoded by oxidosqualene cyclase (OSC) 
gene (Basyuni et al. 2012; Lodeiro et al. 2007). The OSC 
and salt tolerance genes play an important role in 
adaptation to salinity tolerance (Basyuni et al. 2012; 
Basyuni and Sumardi 2017c). The content of isoprenoids 
and polyisoprenoids have opposed seawater stress in 
mangrove leaves (Basyuni et al. 2012, 2017d; Basyuni and 
Sumardi 2017b). 

Mangrove plants are commonly used for medical 
purpose, but there is still little information about the 
biological activity of the polyisoprenoid of the plants. 
Study on mangrove polyisoprenoid compounds, especially 
in light of their function as antimicrobial, antioxidant, and 
antifungal agents, is required for pharmaceutical and 
medicinal purpose. We are interested in providing complete 
information for the utilization of the compounds in the field 
of medicine, food, industry, and others. Therefore, our 
current study aimed to describe the antimicrobial, 
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antioxidant and antifungal activities of polyisoprenoid 
extract from sixteen mangrove species in North Sumatra, 
Indonesia. 

MATERIALS AND METHODS 

Sample collection 
Leaves from sixteen mangrove species were collected 

from Lubuk Kertang and Pulau Sembilan mangrove forest, 
Langkat, North Sumatra, Indonesia. These species are 
Acacia auriculiformis (Fabaceae), Avicennia alba 
(Acanthaceae), A. lanata (Acanthaceae), A. marina 
(Acanthaceae), A. officinalis (Acanthaceae), Barringtonia 
asiatica (Lecythidaceae), Bruguiera gymnorrhiza 
(Rhizophoraceae), Calophyllum inophyllum (Calophyllaceae), 
Ceriops tagal (Rhizophoraceae), Hibiscus tilliaceus 
(Malvaceae), Nypa fruticans (Arecaceae), Pandanus 
odoratissimus (Pandanaceae), Pongamia pinnata 
(Fabaceae), Ricinus communis (Euphorbiaceae), 
Rhizophora mucronata (Rhizophoraceae), and 
Stachytarpheta jamaicensis (Verbenaceae). The leaves 
were dried at 60-75°C for two days for further analysis. 

Polyisoprenoid extraction 
Polyisoprenoid extraction method was performed as 

described previously (Sagami et al. 1992; Basyuni et al. 
2016, 2017a, 2018c). The dried leaves (3-7 g) were first 
ground and extracted with 30 mL of chloroform-methanol 
(2: 1, v: v) for 48 h. The insoluble cell wall debris was 
removed following the method of Basyuni et al. (2016). 
The lipid extract of leaves was saponified with 4 mL 2 M 
KOH in 50% ethanol solution at 60°C for 24 h. The 
nonsaponifiable lipids (NSL) were then regarded as 
polyisoprenoids and partitioned into n-hexane. The 
extracted polyisoprenoids were applied for antimicrobial, 
antifungal, and antioxidant activity tests.  

Antimicrobial and antifungal activities 
The antibacterial and antifungal activity tests were done 

as previously reported by Okigbo and Mmeka (2008). Tests 
were done on two organisms, S. aureus and E. coli. The 
antibacterial test was performed on nutrient agar plates 
prepared by dissolving 28 g of nutrient agar in 1 L of 
water. The antifungal test against C. albicans was done on 
sabour and dextrose agar prepared by dissolving 64 g in 1 
L of water. The media culture to be poured into a petri dish 
and made wellbore with a diameter 6 mm. Media were 
sterilized in an autoclave at 121°C for 15 min (Okigbo and 
Mmeka, 2008).  

One hundred (100) mg/mL extracts were prepared in 
dimethyl sulfoxide (DMSO): ethanol (1: 2, v: v) solution. 
The extract was placed on culture plates in triplicate 
(Okigbo and Mmeka, 2008). The culture was incubated in 
an incubator for 24 h for antibacterial assay and 48 h for 
the antifungal test at 37°C, respectively. The zone of 
inhibition of plant extracts was observed and measured. 
The solvent was used as negative control. 

Antioxidant activity 
Antioxidant activity assay was carried out based on the 

modification of standard DPPH (2,2-diphenyl-1-
picryllhydrazyl) method (Mustarichie et al. 2017). DPPH 
solution was prepared with a concentration of 60 µg/mL. 
DPPH maximum wavelength and the specified operating 
time of DPPH in methanol were determined. Its absorbance 
was measured using UV-Vis spectrophotometer every min 
for two h. Each of polyisoprenoid was prepared in 
methanol: n-hexane (4: 1, v/v) and made in three various 
concentrations. Each 0.2 mL of test solution was mixed 
with 1 mL DPPH and 3.8 mL methanol: n-hexane (4: 1, 
v/v). The mixture was incubated for two h at room 
temperature, then measured using UV-Vis 
spectrophotometry at maximum wavelength 517 nm. 
Percentage of inhibition, regression curves, and the linear 
equation were applied to calculate the IC50 as previously 
reported (Sebaugh 2011). 

RESULTS AND DISCUSSION 

In this study, isolation of polyisoprenoid from 16 
species of mangrove plants was performed using a 
previously described protocol (Basyuni 2016, 2017a, 
2018c). As displayed in Table 1, polyisoprenoid in the 
form of polyprenol is predominantly detected in four 
species of mangroves, Ac. auriculiformis, H. tilliaceus, P. 
pinnata, and R. communis. Meanwhile, dolichols 
predominantly (more than 90%) compose the 
polyisoprenoids in the 12 mangrove species tested. 

The result of polyisoprenoid extracts inhibitory test 
against E. coli and S. aureus as representatives of gram-
negative and gram-positive bacteria, respectively, were 
shown in Table 2 and Figure 1. N. fruticans and C. tagal 
had the largest and smallest diameter of inhibition area 
against E. coli, respectively. Meanwhile, C. tagal and R. 
communis had the largest and smallest diameter of 
inhibition area against S. aureus, respectively. 
Determination of antioxidant activity of the mangrove 
extract followed a previously reported method (Marjoni 
and Zulfisa, 2017). Meanwhile, determination of 
antimicrobial effectivity followed a method described by 
Herni et al. (2016). Interestingly, the mangrove species 
containing polyprenols, Ac. auriculiformis, H. tiliaceus, P. 
pinnata, and R. communis, and eight species with 
predominant dolichols content, Av. lanata, Av. marina, Av. 
officinalis, B. asiatica, B. gymnorrhiza, C. inophyllum, N. 
fruticans, and P. odoratissimus, inhibited the growth of E. 
coli and S. aureus (Table 2).  

The inhibitory test against C. albicans fungi was shown 
in Table 2. All the mangroves did not show an inhibitory 
effect on C. albicans culture growth. Antioxidant activity 
of polyisoprenoid extracted from each mangrove was 
shown in Table 3. The antioxidant assay for a natural 
substance using DPPH radical agents has been established 
(Milardovićet et al. 2006). A high degree of DPPH 
scavenging indicates an excellent antioxidant activity. 

Acacia auriculiformis showed weak antioxidant activity 
with an IC50 of 17100 μg/mL, but the polyisoprenoid from 
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this species was able to inhibit the growth of E. coli and S. 
aureus with inhibitory diameter 13.7 and 12.29 mm, 
respectively, while no activity against C. albicans. This 
result suggests that the polyisoprenoid of Ac. auriculiformis 
may not have antifungal property. Polar extract such as 
saponins in Ac. auriculiformis has been reported to inhibit 
Bacillus megaterium, Salmonella typhimurium, and 
Pseudomonas aeruginosa (Mandal et al. 2005). 

Avicennia alba is one of the medicinal plants 
traditionally used by communities. Polar extract of Av. alba 
Bark are able to inhibit the culture of bacterial bacteria but 
that n-hexane extract of the plant was not active against the 
bacteria (Vadlapudi and Naidu 2009). Polyisoprenoid of 
Av. alba moderately impedes the growth of S. aureus with 
a diameter of inhibition of 9.24 mm (Table 2). In contrast, 
dolichols family compounds did not show significant 
inhibitory effect against to E. coli and C. albicans (Table 1). 

 
 

Table 1. Polyisoprenoid profile of sixteen mangroves species 
 

Species 
Polyisoprenoid (%) 

Polyprenol Dolichol 
Ac. auriculiformisc 100 0 
Av. albab 0 100 
Av. lanatab 0 100 
Av. marinaa 4.2 95.8 
Av. officinalisb 0 100 
B. asiaticac 8 92 
B. gymnorrhizaa 0 100 
C. inophyllumc 0 100 
C. tagalb 0 100 
H. tiliaceusa 100 0 
N. fruticansb 0 100 
P. odoratissimusc 0 100 
P. pinnatac 100 0 
R. communisc 100 0 
R. mucronatab 9.8 90.2 
S. jamaicensisc 0 100 
Note: a Basyuni et al. (2016), b Basyuni et al. (2017), c Basyuni et 
al. (2018) 
 
 
Table 2. Antibacterial and antifungal activities of polyisoprenoid 
in 16 mangrove leaves 
 
Sampel Diameter of Inhibition (mm) 

E. coli S. aureus C. albicans 
Ac. auriculiformis 13.17±4.63 12.29±0.87 na 
Av. alba na 9.24±0.22 na 
Av. lanata 10.19±0.01 13.25±0.32 na 
Av. marina 10.85±0.58 10.52±0.38 na 
Av. officinalis 12.66±0.71 8.85±0.56 na 
B. asiatica 12.83±0.58 9.6±0.51 na 
B. gymnorrhiza 10.16±1.02 11.645±0.67 na 
C. inophyllum 9.65±0.74 8.66±0.38 na 
C. tagal 9.14±0.01 13.48±3.10 na 
H. tiliaceus 10.52±0.59 11.57±1.31 na 
N. fruticans 14.48± 1.17 11.66±0.33 na 
P. odoratissimus 12.49±0.58 12.38±0.72 na 
P. pinnata 10.19±0.01 10.96±0.10 na 
R. communis 10.16±1.02 8.23±0.06 na 
R. mucronata na 11.09±0.86 na 
S. jamaicensis 9.99±0.80 11.35±0.18 na 
Note: na: not active 

Even though the polyisoprenoid of Av. lanata showed a 
weak scavenging activity toward DPPH but the extract 
inhibited the growth of the pathogenic bacteria (Table 2 
and 3). S. aureus was inhibited more strongly than E. coli 
by the Av. lanata extract. The polar extract of Avicennia 
has been reported to have antimicrobial, antidiarrhoeal, 
analgesic and antipyretic, antiulcer, antinociceptive, anti-
inflammatory, diuretic and neuropharmacological activities 
(Thatoi et al. 2016). 
 
 
Table 3. Antioxidant activity of polyisoprenoid from 16 
mangrove leaves 
 

Sample 
Conc.  
(µg/mL) 

% 
Inhi- 
bition 

Regression  
equation 

IC50  
(µg/mL) 

Ac. auriculiformis 4800 25.75 y = 0.002x + 15.80 17100 
480 17.92 
48 14.89 

Av. alba 2720 32.53 y = 0.002x + 25.50 12250 
272 26.78 
27.2 25.07 

Av. lanata 3460 17.28 y = 0.003x + 5.958 14681 
346 8.56 
34.6 4.75 

Av. marina 2800 17.03 y = 0.003x + 9.316 13561 
280 18.46 
28 1.86 

Av. officinalis 3260 46.37 y = 0.004x + 31.94 4515 
326 33.44 
32.6 32.05 

B. asiatica 6000 59.14 y = 0.003x + 36.72 4427 
600 41.03 
60 35.08 

B. gymnorrhiza 4860 11.62 nc nc 
486 14.17 
48.6 8.22 

C. inophyllum 2260 60.05 y = 0.012x + 32.44 1463 
226 35.15 
22.6 32.77 

C. tagal 3240 45.41 y = 0.002x + 38.64 5680 
324 40.21 
32.4 37.92 

H. tiliaceus 3240 56.83 y = 0.005x + 39.91 2018 
324 40.43 
32.4 41.14 

N. fruticans 2680 54.51 y = 0.015x + 13.43 2438 
268 18.85 
26.8 12.67 

P. odoratissimus 4580 0.72 nc nc 
458 1.45 
45.8 4.43 

P. pinnata 7660 64.83 y = 0.003x + 34.70 5100 
766 39.00 
76.6 33.85 

R. communis 4860 42.23 y = 0.002x + 31.61 9195 
486 32.92 
48.6 31.50 

R. mucronata 6920 31.35 y = 0.001x + 22.38 27620 
692 22.00 
69.2 23.62 

S. jamaicensis 200 30.06 
y = 0.026x + 24.75 971 20 25.25 

2 24.84 
Note: nc: not calculated 
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Figure 1. Zones of microbe growth inhibition produce by polyisoprenoid in leaves of the mangrove. A. S. aureus, B. E. coli , C. C. 
albicans 
 
 
 

Avicennia marina had an IC50 of 13.561 μg/mL 
indicating the antioxidant activity of its polyisoprenoid was 
of a weak category. The polyisoprenoid extract of Av. 
Marina inhibited E. coli and S. aureus with an inhibition 
area diameter of 10.85 mm and 10.52 mm, respectively 
while no inhibition zone observed in C. albicans culture.  

Avicennia officinalis is a mangrove and medicinal plant 
that is distributed in Bangladesh, India, Indonesia, 
Malaysia, Brunei, Myanmar, Vietnam and southern Papua 
New Guinea (Thatoi et al. 2016)). The extract of ethyl 
acetate from Av. officinalis leaves was able to inhibit the 
growth of E. coli and S. typhi and has good IC50 in reducing 
DPPH free radical (Khushi et al. 2016; Bhimba et al. 
2010). In line with those previous reports, in this study, 
polyisoprenoids extracted from Av. officinalis inhibited the 
growth of E. coli and S. aureus even though its antioxidant 
activity was weak. This difference in activity was due to 
the solubility of active phenol compounds dissolved in a 
polar or semi-polar solvent, i.e., lipids tend to dissolve in a 
nonpolar solvent. 

Barringtonia asiatica extract had a stronger inhibition 
effect towards E. coli than against S. aureus. However, it 
did not inhibit the growth of C. albicans. Furthermore, its 
ability to reduce free radical DPPH was relatively weak 
with an IC50 of 4427 μg/mL. In a previous study conducted, 
it has been reported that B. asiatica’s crude methanol 
extract and its fractions had high antibacterial and 
antifungal activities (Khan and Omoloso 2002). Our result 
showed that the nonpolar portion of B. asiatica has less 
potential antimicrobial and antioxidant activity that 
compared with its polar fraction 

Bruguiera gymnorrhiza is one of mangroves plants that 
have economically valuable fruits (Rudiyanto 2016). 
Polyisoprenoids of B. gymnorrhiza moderately inhibited 
the growth of E. coli and S. aureus whereas it did not 
exhibit scavenging activities towards DPPH free radical. In 
a study conducted, it has been reported that the ethanol 
extract, but not the chloroform extract, of B. gymnorrhiza, 
had inhibitory activity against pathogenic bacteria (Haq et 
al. 2011). 

Calophyllum inophyllum is a medicinal plant for skin 
diseases including itches, skin allergy, burns and mild 
wounds (Girardi et al. 2015). C. Inophyllum seeds extract 
in chloroform: methanol (2:1) was able to inhibit the 
growth of S. aureus culture (Léguillier et al. 2015). In this 
study, we showed that C. inophyllum was able to inhibit the 
growth of E.coli and S. aureus cultures but not that of the 
C. albicans (Table 2). 

Ceriops tagal is a medicinal plant that has been 
reported to have efficacy to treat infected wounds, 
obstetric, hemorrhagic, sores, malignant ulcers and malaria 
(Zhang et al. 2005; Bamroongrugsa 1999; Wang et al. 
2012; Yang et al. 2015;). In this study, we found that 
polyisoprenoid compounds of C. tagal inhibited the growth 
of gram-positive bacteria S. aureus better than that of the 
gram-negative bacteria E. coli, but not that of the C. 
albicans (Table 2). Previously, have reported that the 
ethanol extract of C. tagal and its partition did not show 
antimicrobial and antifungal activities. Lipid compounds in 
C. tagal have an antimicrobial property in comparison to 
the polar component (Bulbul et al. 2017). 

Hibiscus tiliaceus has been used as a traditional 
medicine by Indonesian and Bangladeshi as a cough, 
bloody/slimy diarrhea, and tonsilitis medicines. In addition 
to having an inhibitory effect against pathogenic bacteria, 
surprisingly, the polar extract of the plant shows good 
cytotoxicity against cancer cell culture (Shaikh et al. 2009; 
Wong et al. 2010; Ramproshad et al. 2012). The 
polyisoprenoid of H. tiliaceus in this study showed a 
moderate inhibitory effect against E. coli (inhibition zone 
diameter 10.52 mm), and S. aureus (11.57 mm) while has a 
relatively weak antioxidant activity (Table 2 and 3). 

Polyisoprenoid of N. fruticans showed an IC50 of 2438 
μg/mL, indicating a weak antioxidant activity. At a 
concentration of 100 mg/mL, N. fruticans extract could 
inhibit the growth of E. coli and S. aureus but not that of 
the fungus C. albicans (Table 2). Yusoff et al. (2015) 
reported the ethyl acetate-soluble part of N. fruticans 
showed a potent antioxidant activity whereas the water 
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extract was able to improve blood sugar levels in 
streptozotocin-induced diabetic rats.  

Pandanus odoratissimus has been traditionally known 
as one of the Indian Ayurvedic medicines for a headache, 
rheumatism, spasm, cold, flu, epilepsy, wounds, boils, 
scabies, leucoderma, ulcers, colic, hepatitis, smallpox, 
leprosy, syphilis, cancer, dysuric, as well as a cardiotonic, 
antioxidant, and aphrodisiac (Adkar et al. 2014). The 
ethanol extract from leaves of P. odoratissimus contains 
glycosides, flavonoids, alkaloids, saponins, flavonoids dan 
polyphenol were considered responsible for the effect of 
therapy (Gurmeet and Amrita. 2015). The polyisoprenoid 
extract from P. odoratissimus in this study showed 
moderate inhibition of E. coli and S. aureus (Table 2). 
However, the extract did not show any antioxidant activity 
(Table 3). 

Pongamia pinnata has been used as a medicinal plant 
by the Indian for fever, ulcer, skin diseases, piles, 
bronchitis, etc. (Duke 1983). The extract of petroleum ether 
and ethyl acetate from leaves of P. pinnata did not show an 
inhibitory effect on E. coli, S. aureus, and C. albicans 
(Ujwal et al. 2007). In this study, polyisoprenoids from the 
leaves of P. pinnata moderately inhibited the growth of E. 
coli and S. aureus, but not that of the C. albicans (Table 2). 
This study suggests that the polyisoprenoid may act as an 
antibacterial agent and the difference in solvent’s polarity 
may affect the solubility of the active compound. 

Ricinus communis is a traditional medicinal plant, and 
its leaves and seeds were reported to have pharmacological 
effects, such as anti-inflammatory, immunomodulator, 
antidiabetic, antiulcer, etc. (Kumar. 2017). Polar extract 
from R. communis leaves and seeds actively inhibited the 
growth of pathogenic gram-negative and gram-positive 
bacteria (Naz and Bano. 2012). We found that the 
polyisoprenoid extract of R. communis showed a weak 
antioxidant activity (Table 3). Nevertheless, it inhibited the 
growth of E. coli and S. aureus but not that of the C. 
albicans (Table 2). The polar and non-polar extract of R. 
communis showed synergistic activity in biological effects. 

Rhizophora mucronata has been traditionally used to 
treat diarrhea, dysentery, fever, angina, diabetes, hematuria, 
and bleeding (Batool et al. 2014). Hexane, chloroform and 
methanol extracts of leaves and roots of R. mucronata have 
been reported to have high antibacterial and antifungal 
activity (Kusuma et al. 2011). However, in this study, we 
found that the polyisoprenoid extract of the plant did not 
have inhibitory activity against E. coli and C. albicans 
while moderately inhibited the growth of S. aureus. S. 
jamaicensis has been reported to contain secondary 
metabolites alkaloids, flavonoids, phenols, steroids, and 
terpenoids; and has traditionally been used for medicinal 
purpose in various countries (Putera and Shazura 2010). 
The active compounds have pharmacological effects as 
antacid, analgesic, anti-inflammatory, hypotensive, 
antihelminthic, diuretic, laxative, lactagogue, purgative, 
sedative, spasmogenic, vasodilator, vulnerary, and 
vermifuge properties (Liew and Yong 2016). Our study 
showed that the polyisoprenoid of S. jamaicensis had 
moderate inhibitory effects on the growth of E. coli and S. 
aureus. 

Overall, this study identifies mangroves whose 
polyisoprenoid content have the inhibitory effect to E. coli 
and S. aureus bacteria, they are Ac. auriculiformis, Av. 
lanata, Av. marina, Av. officinalis, B. asiatica, B. 
gymnorrhiza, C. inophyllum, H. tiliaceus, N. fruticans, P. 
odoratissimus, P. pinnata and R. communis. Information of 
polyprenol and dolichol compounds that have biological 
activity is still limited. Some mangroves species have been 
reported to produce polyprenyl acetone, polyprenol, and 
dolichol content. They were in different variations of 
proportion in each mangrove (Basyuni et al. 2017a). The 
dominant polyprenol content in polyisoprenoid has a 
significant inhibitory tendency against bacterial growth. 
The data of the antimicrobial activity of polyisoprenoid 
compounds was that of the polyprenol only.  

In conclusion, we reveal that the polyisoprenoid 
extracts from the leaves of the twelve mangroves species 
showed significant antibacterial activities that are potential 
for antimicrobial drugs development. 
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Abstract. Roslinda E. 2018. Social capital of the community in the management of Danau Sentarum National Park, West Kalimantan, 
Indonesia. Biodiversitas 19: 1249-1257. Many studies on the management of National Park have been conducted in various countries. 
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Province precisely in Kapuas Hulu District, from the view of social capital. The research method was surveyed using a quantitative 
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management of the National Park that has been conducted by the government alone can collaborate with the management by community 
and collaborative management that pays a good attention to the minimum resistance and maximum synergy.  
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INTRODUCTION  

Many studies on the management of National Park have 
been conducted in various countries with diverse topics 
(Chapman 2003; Dressler et al. 2006; Zhou and Grumbine 
2011). In many cases, the presence of national parks raises 
several social problems (Kadir et al. 2013; Nastran and 
Istenic 2015). Community around the park assumes that 
they have lost access to natural resources to the presence of 
national parks. Actually, they had already inhabited the 
area for a hundred of years before the national parks were 
established. This condition leads to a social conflict 
between the local people (community who lives around the 
parks) and the national parks authority. Of the reality, 
community has many experiences to manage the natural 
resource. They have traditionally managed the area where 
their lives, that is strongly based on traditional ecological 
knowledge and embedded by belief (Berkes 2008; Iskandar 
and Iskandar 2011). Of the knowledge, community is 
expected to be involved and to be acknowledged its ability 
to participate in the management of the national park, 
which has been often neglected. This is because the 
concept of management of National Park is highly 
centralized and often ignores the existence of 
indigenous/local community whom actually has to live in 
this region is hereditary, from generation to generation. 

Natural resources management, include National Park 
management is not only influenced by physical and 
economic capital but also social capital. Social capital is a 
non-material form of capital (Szulecka et al. 2014). Social 
capital explains that social bonds and norms are important 
for the people and communities (Coleman 1998). Social 
capital is an essential aspect of community forest 
management implementation (Guillen et al. 2015). The 
strong social capital can be a consideration of the 

government to support development program (Roslinda et 
al. 2017).  

Currently, management of the National park held by the 
government with zoning system has not yet provided 
optimal result. In order to support sustainable park 
management and the stakeholders are to develop the 
management of national park by community, a 
consideration is needed not only based on biophysical 
functions but also by the aspects of economy, social and 
culture of the community living in the area of National 
Park. It underlies the need to include the social capital as a 
readiness factor involved in order to participate in the 
management of National Park. This study intended to 
describe how social capital built by community in the area 
of Danau Sentarum National Park (DSNP) which related to 
natural resources management (fishery, forestry, and 
agriculture) have been implemented and enforced. This 
research highlights the management of natural resources by 
the local community from the view of their social capital. 
The result of this study is expected to contribute to the 
knowledge about capacity of the community and its 
dynamic in managing the natural resources, in particular, 
the management of the National Park. The objective of this 
study is to identify and to assess social capital of the 
community; as well as the role of social capital in the 
community with the institutional model of national park 
management that may be applied optimally.  

MATERIALS AND METHODS  

Study area  
This study was conducted in Danau Sentarum National 

Park (DSNP). DSNP is the 2nd Ramsar Site in Kapuas Hulu 
District, West Kalimantan Province, Indonesia. DSNP is 
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area of freshwater lakes and lowland swamp forest. DSNP 
was established in 1985 as the Danau Sentarum Wildlife 
Reverse (Giesen and Aglionby 2000) and became to a 
national park in 1995 (Wadley et al. 2010), and on 4 
February 1999 by decree of the Minister of Forestry 
Number 34/Kpts-II/1999 includes the 132,000 ha. DSNP 
has natural beauty, high biodiversity, traditional fishery and 
local people’s culture are property that can be managed 
sustainably for the benefit of community.  

The administration of this region covered the district of 
Kapuas Hulu District and included within seven sub-
districts Batang Lupar, Badau, Embau, Bunut Hulu, 
Suhaid, Selimbau, and Semitau. As for management 
activities, DSNP is divided into three Management Section 
National Park (MSNP) namely MSNP I Lanjak, MSNP 
IISemitau and MSNP III Selimbau, which can be seen in 
Figure 1. 

Conceptual framework 
The main concept raised in this paper is social capital. 

The concept of social capital is a developmental theory and 
research which is relatively new; however, this concept has  

been largely used in various fields (Ha 2010). According to 
Liu et al. (2014), the concept of social capital has been 
taken into consideration in various areas of research 
(multidisciplinary) in recent decades. The earliest and 
famous formulation of the concept of social capital was 
made by Coleman (1988) and Putnam et al. (1993). 
Coleman defined the social capital based on the function: 
"they all consist of some aspects of social structures, and 
they facilitate certain actions of actors-whether persons or 
corporate actors-within the structure." Here, social capital 
is not a single entity but consists of a number of entities 
with the same two elements, namely (i) all consist of the 
aspects of social structures and (ii) facilitate the actions of 
the individual in the structures. As physical capital and 
human capital, social capital also productively enables the 
achievement of certain goals which in its absence would be 
impossible to achieve (Coleman 1988).  

Meanwhile, Putnam et al. (1993) formulated the 
concept of social capital as refers to features of social 
organization such as trust, norms, and networks that can 
improve the efficiency of society by facilitating 
coordinated actions.  

 
 
 
 
 

 
 

 

 
 

 
 
 
Figure 1. Map of management section of Danau Sentarum National Park, Kapuas Hulu District, West Kalimantan Province, Indonesia 
(DSNP 2011) 
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Broadly speaking, Putnam's social capital refers to the 
parts of social organization such as networks, norms, and 
trust. The social capital plays role in facilitating the 
cooperation and mutual coordination for the mutual 
benefits of the members of organization. The networks and 
norms are empirically interrelated and have important 
economic consequences. The author will use 
operationalization formula of the concept of social capital 
from Putnam et al. (1993). The concept of Putnam’s social 
capital consists of three elements: trust, norms, and 
networks. Putnam (1993) mentioned that trust has the 
power of affecting the underlying principles of social 
prosperity and economic progress achieved by a 
community (nation) and is the spirit of the social 
institution.  

Norms are a set of rules expected to be obeyed by the 
members of specific entity (group) (Putnam 1993). These 
norms are institutionalized and contained social sanction 
that may prevent individual to do something aberrant. The 
rules are usually unwritten but understood by every 
member of the community as well as to determine the 
pattern of expected behavior in the context of social 
relations. Norms cannot be separated from trust on the 
reason that norms are devices used to maintain the 
consistency between status and role in maintaining social 
structures. 

Meanwhile, the networks relate to distinctive typology 
in line with the characteristics and orientation of 
community groups (Putnam 1993). Usually, social groups 
are formed traditionally on an equal basis of hereditary line 
(repeated social experiences) and equal trust in the 
dimensional requirement (religious beliefs) tends to have a 
high cohesive, but the range of networks or trust built up is 
very narrow. On a contrary, groups that are built on the 
equal basis of orientation and goals with the characteristic 
of more modern organizational management will have a 
level of better participation of the members and have a 
wider range of networks.  

Research method 
The research was conducted in DSNP. The study was 

conducted in 3 areas of management, non-representatives 
of sub-district. It was based on the consideration that 
firstly, the social capital assessed was the social capital of 
the community in the National Park as a whole. Secondly, 
the people living in the area are generally traditional people 
who still have a strong social capital. Generally, social 
capital is stronger and more maintained in traditional 
community during its history of life. The villages in DSNP 
are famous with their fishery resources management 
systems, as well as their distinctive forestry and agriculture 
(Harwell 1997; Wadley 1997; Colfer et al. 2000; Dudley 
2000; Yasmi et al. 2010). 

Research method used was surveyed with a quantitative 
analysis. Data and information collection were conducted 
by interviewing respondents using structured 
questionnaires. The respondents were randomly selected 
from the residents of the three STPN with the number of 
respondents was 60 (180 respondents in total). Field 
observation was conducted for three months.  

The research was intended to illustrate real, concrete 
examples of social capital in the resources of fishery, 
forestry, and agriculture in DSNP. The elements of social 
capital mainly discussed are trust, norms, and social 
networks. Assessment of the elements forming social 
capital of the community was done using 3 categories, 
namely low, medium, and high.  

Assessment of the level of trust of DSNP community 
included trust in people around the community with the 
same ethnics, people around the community with different 
ethnics, government officials (DSNP, District Government, 
Sub-district Government), community/religious leaders, 
outsiders (NGOs), the level of trust to the benefits of 
natural resources, the level of trust in conserving the 
natural resources, the level of trust in cooperating as well 
as the level of trust in maintaining the relationships. 
Interval of the score level with Xmax = 27, Xmin = 9 and 
N = 3 6, thus the level of trust can be divided into (i) Level 
of low trust if the score is <15; (ii) Level of medium trust if 
the score is between 15-21; (iii) Level of high trust if the 
score is between 22-27. 

Assessment of the social norms can be seen from the 
rules governing the society formally and informally. 
Formal norms are sourced from public institution which is 
official and written, while informal norms are generally 
unwritten containing the rules in society. The interval of 
the level score of social norms with Xmax = 18, Xmin = 6 
and N = 3 is 4, thus the level of social norms can be 
divided into (i) Level of low social norms if the score is < 
10; (ii) Level of medium social norms if the score is 
between 10-14; (iii) Level of high social norms if the score 
is between 15-18.  

Assessment of social networks can be seen from the 
social networks established in the society of DSNP in the 
form of the density of organization, the diversity of 
memberships, participation, willingness, teamwork both 
within and outside the community, and togetherness. The 
interval of the level score of social networks with Xmax = 
27, Xmin = 9 and N = 3 is 6 thus so the level of social 
networks can be divided into (i) Level of low social 
networks if the score is < 15; (ii) Level of medium social 
networks if the score is between 15-21; (iii) Level of high 
social networks if the score is between 22-27.  

RESULTS AND DISCUSSION 

Social capital in the management of DSNP 
The communities of DSNP lived and settled in this area 

before the government declared the area as a conservation 
area. However, after the government implemented the 
conservation program, they were considered a threat. 
Hence, the dependency of livelihood on the forest and lake 
was still high as they kept extracting forest and lake to 
fulfill their needs. The people living in the area are 
generally traditional people who still have a strong social 
capital. Generally, social capital is stronger and more 
maintained in traditional community during its history of 
life. 
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Trust 
There were nine sub-elements of trust assessed. The 

following summary shows the assessment of sub-elements 
of trust (Table 1). Table 1 shows that the level of trust the 
people have in the community was in high category (score 
22). People (94.44%) rated other people with the same 
ethnic trustworthy; this means that people have a high level 
of trust for the community members with the same ethnic. 
The level of public trust in daily life still shows a positive 
level among fellow ethnic; on the contrary, if it relates to 
those from different ethnic, people were very cautious in 
interacting so the level of trust for the people with different 
ethnic was included into low category (87.22%). It is 
consistent with a statement saying trust is formed on the 
basis of genealogical ties and the same identity, and social 
trust is arisen from the trust growing and developing 
among individuals (Putnam et al. 1993) .  

Table 1 uncovers that more residents believe in 
community/customary leaders and religious leaders rather 

than to government officials. Under this condition, the 
government’s effort to put a representative to manage a 
land will be useless since it is proven that they are not 
trusted by public. It also shows that government oriented 
management will not be effective. This finding reinforces 
the statement that as long as there is a state domination in 
the management of land, the roles and power existing 
between state and community will be imbalance16. The 
provision of opportunity to community leaders by 
reinforcing their capacity and capability will be able to 
work to manage the area as better a period both state and 
community can benefit from the management.  

Meanwhile, the public trust to outsiders particularly 
NGOs working in DSNP was in the category of medium 
(46.67%) since the interval was different in each MSNP. It 
is based on the different experience they had in each 
MSNP. Public trust will arise if tangible results are 
obtained, not just mere promises. People inhabiting the 
DSNP need proof not just mere promises.  

 
 
 
Table 1. Level of respondents’ trust in Danau Sentarum National Park, Kapuas Hulu District, West Kalimantan, Indonesia 
 

Sub-elements of trust Level 
Number 
(person) 

Percentage 
(%) 

Score 
Average of 

score 
Trust in the people around with the same ethnic  1 

2 
3 

0 
10 

170 

0 
5.56 

94,44 

  

Numbers  180 100.00 530 2.94 ≈ 3 
Trust in the people around with different ethnic  1 

2 
3 

157 
23 
0 

87.22 
12.78 

0 

  

Numbers  180 100.00 203 1.13 ≈ 1 
Trust in government officials (DSNP, District Government, 
Sub-district Government) 

1 
2 
3 

67 
83 
30 

37.22 
46.11 
16.67 

  

Numbers  180 100,00 323 1.79 ≈ 2 
Trust in community/religious leaders 1 

2 
3 

0 
0 

180 

0 
0 

100.00 

  

Numbers  180 100.00 540 3 
Trust in the outsiders (NGOs)  1 

2 
3 

44 
84 
52 

24.44 
46.67 
28.89 

  

Numbers  180 100.00 368 2.04 ≈ 2 
Trust in the benefits of natural resources 1 

2 
3 

0 
5 

175 

0 
2.78 

97.22 

  

Numbers  180  535 2.97 ≈ 3 
Trust in conserving the natural resources  1 

2 
3 

17 
31 

132 

9.44 
17.22 
73.34 

  

Numbers  180 100.00 475 2.64 ≈ 3 
Trust in cooperating  1 

2 
3 

7 
18 

155 

3.89 
10.00 
86.11 

  

Numbers  180  508 2.82 ≈ 3 
Trust in maintaining the close relationships  1 

2 
3 

2 
12 

166 

1.11 
6.67 

92.22 

  

  180  524 2.91 ≈ 3 
Score: 4006 and average score of 22.26 ≈ 22 
Note: The number of respondents is 180 with a value of 1 (low), 2 (medium) and 3 (high) by Xmax: 27, Xmin: 9 and the number of 
classes: 3 
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The trust existing in social relationship allows the 

community to establish harmonious relationship and social 
integration among them. In the context of management and 
conservation of natural resources and forests, the trust 
people have can help reduce the occurrence of serious 
competition in the use of natural resources and the existing 
forests. The use and management of natural resources 
particularly in the sectors of fishery and forestry are still in 
the corridor of rules of the management of fishery and 
forestry resources that they trust and run from the time of 
their ancestors.  

The finding shows that there was a high level of trust 
(score 22) in the community. In the community with high 
capability of trust (high trust) or with broad (long) 
spectrum of trust, they tended to have the potential for 
strong social capital. On a contrary, in the community with 
low capability of trust (low trust) or with narrow (short) 
spectrum of trust, they tended to have the potential for 
weak social capital. Therefore, trust can be regarded as a 
necessary condition for the establishment of strong (or 
weak) social capital in a society. This can be seen from the 
case in DSNP. Because of the high trust between fishing 
and farming communities in DSNP, they can facilitate the 
activities of the management of natural resources (fishery 
and farming) together. This finding was rather different 
from that of Qurniaty et al. (2017) research which found 
that trust between farmer group member remains high, but 
not supported collective action since farmer group 
institution is weak. Trust is a fundamental component of 
social capital formation in rural areas, while other aspects 
(cooperation and networking) will not be well established if 
not based on mutual trust between community members 
(Innah et al. 2013; Cahyono 2014). When examined, all 
activities led to the economic ones. This is consistent with 
what was expressed by Putnam that trust has the power of 
affecting underlying principles of social prosperity and 
economic progress achieved by a community or nation 
(Putnam 1993). Therefore, trust is something very huge and 
very beneficial for the creation of economic order within 
the community. 
 
Social norms 

Social norms were described in the aspects of the 
regulated and measured level of understanding of 
respondent against the rules. There were six sub-elements 
studied in social norms. The summary of social norms can 
be seen in Table 2. Based on Table 2, it can be seen that the 
level of social norms in the community in DSNP was high 
(score 15). Not all residents understood written rules. Only 
36.677% of the respondents fully understood the rules of 
natural resources management, 49.44% of respondents less 
understood, while 13.89% of respondents did not 
understand the applicable rules. Against the rules 
applicable in the management of natural resources both 
fishery and forestry, all respondents admitted to never 
violate the rule since it was collectively agreed. Most of 
them (85%) considered other members of the community 
still totally obey the rules; no violations occurred, while the 

rest of the 15% said that there had been violation by the 
others. The potential for conflict among people of different 
ethnic, therefore, is apparent. It is possibly triggered by the 
lack of clear communication between the ethnic, so the 
rules within each territory are only obeyed by themselves. 
Internal rules are strong, but not the external ones. Norms 
actually cannot be separated with trust because they are the 
tools used to maintain consistency between status and roles 
in the overall function to maintain social structures in the 
society (Putnam 1993). 

In the fishing community in 3 MSNP, there were 
values, norms, and pattern of behavior that acted as 
guidance for its people. Pattern of behavior described in 
this study is limited to the rules of natural resources. As for 
the farming community, there were values, norms, and 
rules of the management of forest resources. Each fishing 
community has rules that are the results of a joint 
agreement governing the use of fishing gear, on certain 
type of fish, on matters related to human, and so forth. In 
general, the fishing activity in DSNP has rules of jala 
zakat, kerinan, and ownership of the river. The rules on the 
river are the clarity of property right regarding the work 
area tenure to avoid conflicts among the people in their 
respective work area. In the context of environmental 
policy, this kind of rules may affect attitudes towards the 
environment to a certain extent even cause behavior 
towards the environment (Miller and Buys 2008). 

Farming community also has the rules of farming 
management compiled in the book of Tusun Tunggu Adat 
Iban of West Kalimantan Border. In addition to the rules of 
the employment of fishermen and natural resources and 
forest, in DSNP there was also a rule of the management of 
forest honey resources from periau. The rule of forest 
honey management from traditional periau community is 
concerning the regulations and management areas as 
follows: (i) Management area of certain periau. (ii) Type of 
wood to be used as tikung (tikung cannot be made of 
Medang wood (Litsea sp.). (iii) Rules of installation and 
design of tikung (distance between the tikung cannot be too 
close; It is not allowed to install the tikung on the track and 
outside the periau; The installation of the tikung is between 
two branches that are sturdy enough with the slope of 30-
40 degrees). (iv) Members of periau are obliged to preserve 
environment (swamp forest habitats as feeding sources for 
bees). (v) Recruitment/member registration and member 
code in each tikung. (vi) The minimum number of tikung a 
member should have (a resident of the village can be a 
member of periau under the condition that he/she is 
capable to install more than 25 tikung). (vii) Harvesting 
should be done together at a specific time set by the 
chairman of periau and taking honey in others’ tikung is 
not allowed.  

From this fact, it is concluded that each group/ethnic 
has a close relationship and strong bonding so they can 
solve the problems in the environment. The condition 
reinforces the statement that indigenous/traditional 
community has a close social capital amongst them 
(Pranadji 2006; Suharjito et al. 2006; Rinawati 2012). 
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Table 2. Level of respondents’ social norms in Danau Sentarum National Park, Kapuas Hulu District, West Kalimantan, Indonesia 
 

Sub-elements of social norms Level 
Number 
(person) 

Percentage 
(%) 

Score 
Average 
of score 

Understanding the unwritten rules (norms/customs)  1 
2 
3 

18 
111 

51 

10.00 
61.67 
28.33 

  

Numbers  180 100.00 393 2.18 ≈ 2 
Understanding of the written rules  1 

2 
3 

25 
89 
66 

13.89 
49.44 
36.67 

  

Numbers  180 100.00 401 2.23 ≈ 2 
Understanding of habits in society (honesty, decency, harmony 
in daily life)  

1 
2 
3 

0 
106 

74 

0.00 
58.89 
41.11 

  

Numbers  180 100.00 434 2.41 ≈ 2 
Violation by individual  1 

2 
3 

0 
27 

153 

0.00 
15.00 
85.00 

  

Numbers  180 100.00 513 2.85 ≈ 3 
Violation by other members of the community in the same 
ethnic  

1 
2 
3 

0 
18 

162 

0.00 
10.00 
90.00 

  

Numbers  180 100.00 522 2.90 ≈ 3 
Violation by other members of the community in different 
ethnic  

1 
2 
3 

41 
43 
96 

22.78 
23.89 
53.33 

  

Numbers  180 100.00 415 2.31≈ 2 
Score: 2678 and average score: 14.87 ≈ 15     
Note: Number of respondents is 180 persons with the value of 1 (low), 2 (medium) and 3 (high) by Xmax: 18, Xmin: 6 and number of 
classes: 3 
 
 
 

Social norms with various internal rules have 
significantly bound the residents in each fishing 
community and citizens to maintain and preserve the 
aquatic and forestry resources. Fishing rules in the form of 
work area division, fishing gear setting, labors from outside 
setting, type of bait setting and so forth have directly 
contributed to the preservation of aquatic resources. The 
rules of periau in the form of periau work area, type of 
wood used as tikung, rules of installation, the number and 
the design of tikung, the obligation of periau members to 
preserve environment, recruitment/member registration and 
member code in each tikung, as well as the rules of 
harvesting have contributed in the preservation of forest 
honey resources. Rules in the Iban community in forest 
zoning, logging banning, rules of customary forest, deposit 
forest and farming management have directly contributed 
to forest preservation. The result of the research showed the 
level of compliance with the rules of society is quite high 
particularly on the unwritten rules that have positive 
implications to all kinds of natural resources existing in the 
area of utilization and management. This is because the 
prevailing rules are more hereditary and internalized in 
society (Roslinda et al. 2017). This is the power to help the 
preservation of their natural resources today.  

Social networks 
DSNP community network is based on kinship. This is 

because almost all people in this area come from one tribe 
or the same lineage, the Malays people for fisherman and 
the Dayaks people for farmers. Social networks established 

in the community of DSNP were in the form of the density 
of organization, diversity of membership, participation, 
willingness, teamwork both inside and outside the 
community as well as togetherness. The density of 
organization consisted of the number of family members 
involved in an organization and the number of 
organizations followed. The summary of the level of social 
networks can be seen in Table 4. 

Stated by respondents 98.33% only 1 person involved 
in organization, i.e., the head of family, 2 families (1.11%) 
did not join and 1 family claimed that their 2 members of 
the family involved in organization namely the head of the 
family and an adult but single child. The density of 
organization followed by respondents ranged between 0-5 
organizations in one family. Average number of 
respondents following organizations was at the level of 
medium category (52.22%), i.e., 2 organizations followed 
in one family. Types of organization followed were such as 
fishermen groups, periau association, youth clubs, private 
security, and fire-care forces. In addition, there was also 
DSNP Community Working Group and Annual Meeting of 
DSNP community. The organizations considered as the 
most important were fishermen group and periau 
association of Lake Sentarum, since they are business 
groups that can support the economy. Meanwhile, other 
organizations were formed not by the initiative of the 
community itself but by the outside parties. Therefore, they 
are not operating without support from the government or 
Office of DSNP or NGOs. 
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Table 3. Level of respondents’ social networks in Danau Sentarum National Park, Kapuas Hulu District, West Kalimantan, Indonesia 
 

Sub-elements of social networks Level Number (person) Percentage (%) Score Average of score 

Density of organization (the number of 
family members involved)  

1 
2 
3 

2 
177 

1 

1.11 
98.33 

0.56 

  

Numbers  180 100.00 359 1.99 ≈ 2 
Density of organization (the number of 
organizations followed)  

1 
2 
3 

82 
94 
4 

45.55 
52.22 

2.22 

  

Numbers   180 100.00 282 1.56 ≈ 2 
Diversity of organization members  1 

2 
3 

0 
180 

0 

0.00 
100.00 

0.00 

  

Numbers   180 100.00 360 2.00 ≈ 2 
Participation in groups  1 

2 
3 

55 
78 
47 

30.56 
43.33 
26.11 

  

Numbers  180 100.00 352 1.96 ≈ 2 
Willingness of building the networks  1 

2 
3 

48 
96 
36 

26.67 
53.33 
20.00 

  

Numbers   180 100.00 348 1.93 ≈ 2 
Teamwork with other groups inside the 
community  

1 
2 
3 

28 
115 

37 

15.56 
63.89 
20.56 

  

Numbers   180 100.00 369 2.05 ≈ 2 
Teamwork with other groups outside the 
community  

1 
2 
3 

78 
89 
13 

43.33 
49.44 

7.22 

  

Numbers   180 100.00 295 1.64 ≈ 2 
Togetherness in the organization (member 
initiative to be temporary chairman)  

1 
2 
3 

105 
65 
10 

58.33 
36.11 

5.56 

  

Numbers  180 100.00 265 1.47 ≈ 1 
Togetherness in the organization 
(cooperation amongst the community 
members if there is a problem shared)  

1 
2 
3 

78 
81 
21 

43.33 
45.00 
11.67 

  

Numbers  180 100.00 303 1.68 ≈ 2 
Score: 2933 and average score: 16.29 ≈ 16     
Note: The number of respondents is 180 persons with the value of 1 (low), 2 (medium), and 3 (high) by Xmax: 27, Xmin: 9 and the 
number of classes: 3 
 
 
 

 
The diversity of memberships in organizations was at 

the level of medium. The fishermen groups, APDS, youth 
clubs generally have diversity for the ties of kinship, age, 
employment, income, political and social status. 
Meanwhile, the similarity shared by the members of 
organization is to stay in the neighborhood, employment, 
ethnicity/tribe/race, language, and religion.  

Public participation in existing group was at the level of 
medium category (43.33%). The participation is shown by 
attending meetings conducted by organizations. There were 
53.33% of respondents whom willing to build social 
networks in DSNP. It is because they joined the 
organizations voluntarily and without any coercion.  

Teamwork to achieve goals consisted of cooperation 
with other groups in the community and cooperation with 
other groups outside the community. Both cooperative 
actions put the respondents generally at the level of 

medium namely 63.89% for inside the community and 
49.44% for outside the community.  

Togetherness in the organization was reflected from the 
desire of members to substitute the chairman if he is absent 
for quite a long time; it was also reflected from the way the 
members deal with common problems. The desire of the 
members to be temporary chairman was at the level of low 
category (58.33%). People preferred being members, and it 
was difficult to find someone with good leadership to 
substitute the chairman when absent, and to lead the 
organization. The level of togetherness in dealing with 
common problems was medium (45.00%). People were 
well aware of the importance of togetherness, but in daily 
life, they often acted individually.  

The result of assessment on social networks in DSNP 
community was generally in the medium category. DSNP 
management needs strong social networks amongst people, 
because strong networks act as a binder and bridge in 
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forming social structures. In addition, networks are also 
needed to be the link in between. Social interaction both 
inside and outside the community plays an important role 
in supporting sustainable DSNP management. Social 
interaction in the community can be seen from the 
existence of collective actions to achieve collective goals 
limited by certain institutions that have clear values, norms, 
and relationships (Lawang 2005). 

Level of social capital of the community in DSNP 
management  

Based on the constituent elements of social capital 
assessed, the level of social capital of the community is 
summarized in Table 4. 

 Based on the interval equation of social capital value 
with Xmax = 72, Xmin = 24 and N = 3 equals 11.3, the 
level of social capital of the community in TNDS area can 
be categorized as follows: (i) Social capital of community 
is categorized low if the score < 35, in terms of DSNP area 
management it will be difficult to be involved based on 
social capital owned. (ii) Social capital of the community is 
categorized medium if the score ranged 35-46. In terms of 
DSNP area management, it can be involved with the note 
that it needs assistance to reinforce the social capital 
owned. (iii) Social capital of the community is categorized 
high if the score > 47. In terms of area management, it will 
be very helpful to be involved in the activities of DSNP 
area management based on the social capital owned. 

Based on Table 4, people in DSNP have a high level of 
social capital (with an average score of 53). Judging from 
the forms of interrelation that happened, people tended to 
have a bound type (bonding) of social capital. It can be 
seen from the relationship that is more inward which more 
works is internally (intra-ethnic), more trust in the same 
community, and model of relationship is based on values, 
culture, perception, and custom respectively. It is apparent 
from the relationship between the Malay and Iban 
community inside the region. The bound social capital was 
strong inside the community, but it was weak when dealing 
with people from outside the community. In addition, this 
type of social capital is difficult to accept changes. 
However, the high social capital owned by DSNP 
community is one of the capitals should be used to preserve 
natural resources in the area of DSNP. For optimal use, 
reinforcement of human resources is also needed in order 
to further strengthen the ability to exist social capital to be 
engaged in sustainable management of DSNP.  

Based on the institutional model management (Birner et 
al. 2000), with the strength of social capital in the 
community level, the management of natural resources can 
be carried out by community when the social capital of the 
community is high and government's capability is low; 
collaborative management can be done when both social 
capital of the community and government's capability is 
high. Other models of management are by government 
when social capital of community is low and government's 
capability is high, and management by the private party 
when both social capital and government's capability is 
low. 

 

Table 4. Level of social capital of the community in DSNP area 
 

Elements of social 
capital 

Score Average 
Maximum-
Minimum 

Value 
Trust 4.006 22 27-9 
Social norms 2.678 15 18-6 
Social networks 2.933 16 27-9 
Numbers 9.617 53 72-24 
Note: The number of respondents is 180 persons with the value of 
1 (low), 2 (medium), 3 (high) by Xmax: 72, Xmin: 38 and the 
number of classes: 3  
 

 
 
This research concluded that social capital of the 

community in the area of DSNP is still high/strong. Based 
on this fact, management of the National Park that has been 
conducted by the government alone can be collaborated 
with the management by community and collaborative 
management that pays a good attention to the minimum 
resistance and maximum synergy. Considering the strength 
of the social capital, it is suggested that the management of 
National park must consider the local social capital. Social 
capital combined with human capital, natural resources and 
technology can create a productive, fair and sustainable 
management of natural resources (National Park). The 
inclusion of local community in the activity of national 
park management can be performed by considering local 
potentials namely social capital owned and implemented by 
community. 
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Abstract. Hidayat S, Dodo, Purnomo DW, Helmanto H, Supriyatna I. 2018. Habitat of Nepenthes spp. in the area of Sampit Botanic 
Gardens, Central Kalimantan, Indonesia. Biodiversitas 19: 1258-1265. Nepenthes spp are protected plant and most of them are at least 
concern criteria. The research purpose is to explore the habitat information that supports the existence of Nepenthes in the area around 
Sampit Botanic Gardens, Central Kalimantan. Three different sites have been selected in this research. In each sites, seven sampling 
plots have been made by purposively sampling, each plot measuring 5x5 m2. In the Gelam Forest (Melaleuca quinquenervia), two 
Nepenthes species have been found, namely Nepenthes gracilis and Nepenthes mirabilis. In two other sites, in Peat Swamp Forest and 
Alang-alang Forest (Imperata cylindrica), dominated by N. mirabilis. Combretocarpus rotundatus is a tree in the Peat Swamp Forest 
that is mostly climbed by Nepenthes. Scleria sumatrensis and Stenochlaena palustris are two species of plants that are always found in 
the three research sites, but the dominant family is Melastomataceae primarily represented by Melastoma malabathricum. Nepenthes 
mirabilis can be found in the three research sites with an equal number, but N. gracilis was only abundant in the Gelam forest. By using 
imageJ software, obtained canopy cover in Gelam forest only 10%. Meanwhile, based on laboratory test, the soil in the Gelam forest is 
dominated by the dust fraction and is relatively more fertile than the Alang forest. In this case, Nepenthes favored open canopy, but was 
quite watery and relatively fertile. 

Keywords: Habitat, Nepenthes, purposive sampling 

INTRODUCTION 

Nepenthes is the only genus in family Nepenthaceae, 
and comprises of 129 reported species (Mey 2010). It is 
distributed mainly in the Malesian region, in recognized 
centers of biodiversity (Robinson et al. 2009). Borneo has 
been recognized as the world's largest center of distribution 
of Nepenthes, with 32 recorded species (Arimy et al. 2017), 
but based on phylogenetic trees and distribution area of 
each species Borneo appears to be a secondary center of 
diversification for Nepenthes (Alamsyah and Ito 2013). It 
hosts almost 50% of Indonesian species, among them are 
Nepenthes mirabilis (Lour.) Druce and Nepenthes gracilis 
Korth. (Damayanti et al. 2011). These species are 
geographically widely distributed, found in Borneo, 
Sumatra, Peninsular Malaysia, and Celebes. They grow on 
exposed sites such as roadside clearings, secondary bush 
and low canopy heath forest, commonly at below 100 m asl 
and only rarely at higher altitudes up to 1200 m asl. Latief 
et al. (2014) show that N. gracilis has a high abundance 
and is found in almost all research plots, especially in open 
secondary forests. N. gracilis is known to be very common 
in Borneo especially related to soil type, light and water 
content and can be found in almost all types of vegetation.  

Nepenthes gracilis included in the terrestrial climber 
with a height can reach 5 m. Lower and upper stems are 
triangular in shape, the stems are climbing up to 5 m high 
and the stem diameters are 2-5 mm thick. Leaves are 
sessile; the lamina is lanceolate to linear-lanceolate in 
shape with acute apex (Adam et al. 2011). The color is 

often quite different, dark reddish or only green. Arimy et 
al. (2017) said that N. gracilis on open area colored more 
green and leaves size wider than that grown in the shade, 
while Susanty and Kencanawati (2017) said the pitchers are 
green or red, cylinder-shaped on the top or oval on the 
bottom. Nepenthes mirabilis has a round and long stem, the 
stem can reach 10 m. Stem color is light green to dark 
brown, can grow on the floor of transitional forest, on the 
roadside, can also grow hanging on other plants. The 
inflorescence of N. mirabilis generally appears at the tip of 
the stem or branches (Handayani 2017). Nepenthes has the 
highest adaptability among other plant species, therefore it 
can be found in some habitats, especially in open or 
somewhat shaded places in poor nutrient habitats and have 
high moisture. 

Mansur and Brearley (2008) said that The area of 
forest damaged or destroyed in Kalimantan is increasing, 
especially in the last five to ten years. This damage leads to 
Nepenthes habitats being disturbed and some species of 
Nepenthes (especially the rarer species) may become easily 
lost. The ecological study of Nepenthes in Central 
Kalimantan is very important, especially to attempt ex-situ 
conservation action. Based on Government Regulation No. 
7/1999 on the Preservation of Plant and Animal Species, 
Nepenthes spp includes protected plants. Meanwhile, based 
on IUCN 2017 ver 2.3. , N. gracilis and N. mirabilis are in 
the lower risk/least concern criteria. Nepenthes populations 
in the wild are predicted to decline due to factors such as 
forest fires, illegal logging, conversion of forest land or 
shrubs into residential areas, shifting cultivation, 
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plantation, agriculture, or mining and forest reclamation for 
oil palm plantations (Damayanti et al. 2011). 

As the third largest province in Indonesia, Central 
Kalimantan has a forest area of 10,294,388,72 ha or 
64.04% of its total area. Central Kalimantan is an area with 
very large peatland, covering an area of 2,280,789.70 ha or 
14.44% of the total province area and as one of the centers 
of dispersal of 'kantung semar' (Nepenthes spp.). One of the 
characteristics of Peat Swamp Forest that differentiates 
compared to other forest types according to Latief et al. 
(2014) is the forest floor that is always under water. Sampit 
Botanic Gardens is located in Monumental Forest Jl. 
General Sudirman KM 29-31, Penyang Village, Telawang 
Sub-district, Kotawaringin Timur District, Kalimantan 
Province. Much of this area is included in disturbed forest 
areas, including Peat Swamp Forest areas, but still retains a 
variety of unique and protected plants such as Nepenthes. 
The purpose of this research is to know the habitat of 
Nepenthes particularly vegetation and soil that support the 
growth of Nepenthes spp. in the area around Sampit 
Botanic Gardens.  

MATERIALS AND METHODS 

Research sites 
The research was conducted in KHDTK area (Specially 

Design Forest Area) Sampit Botanic Gardens (Figure 1), 
Kotawaringin Timur District, Central Kalimantan Province, 
Indonesia on October 18-November 6, 2017. In this area 
selected three different habitat sites for sampling 
observations of Nepenthes presence. The three sites namely 
are: mixed Peat Swamp Forest, Alang-alang (Imperata 
cylindrica (L.) Raeusch.) Forest, and Gelam (Melaleuca 
quinquenervia (Cav.) S.T.Blake ) Forest. 

Sampling and data 
At each site of the research, we determined plots of 

observations by purposive sampling based on the discovery 
population of Nepenthes spp. In each site were made seven 
observation plots, each plot measuring 5 x 5 m2. In each 
plots we recorded species of plants that grow either in the 
form of herbs, shrubs, lianas or trees. Then count the 
number of Nepenthes individuals present in each plot. One 
Nepenthes individual is calculated based on the removal of 
the Nepenthes rods from the same root (Clarke 2006).  

About 50 g of soil samples were taken from each 
research sites. This soil sample is then sent to the 
laboratory of PT. Wilmar International Plantation, Sampit 
for tested C/N content and soil texture. Local climate data 
obtained from BMKG. While the forest canopy cover is 
digitally photographed perpendicularly from the forest 
floor to the top/canopy. 

Data analysis 
The density of Nepenthes was calculated based on the 

number of Nepenthes individuals divided by total area of 
observation plot converted to ha size. Meanwhile, to obtain 
information on differences in plant species composition in 
Nepenthes habitat is calculated based on species similarity 

index (IS), which is the following formula (Diserud and 
Odegaard 2007). 

 
IS = (2w/a + b) x 100% 
 
w: number of species found in both regions 
a: number of species found in region a 
b: number of species found in region b 
 
The presence or absence of vegetation associations in 

Nepenthes habitat, calculated based on 2x2 contingency 
table and Chi-square value (ƛ2). If value ƛ2 count> ƛ2 table 
means association occurs, otherwise when ƛ2 count <ƛ2 
table means no association occurs. The value of ƛ2 table 
with degrees of freedom 1 at the 5% level is 3.84. If the 
chi-square result shows association, then proceed to 
determine the positive or negative association. Positive if 
observed a> E (a), that is the pair of species occurred 
together more than expected if independent. Negative if 
observed a< E (a), that is the pair of species occurred 
together less often than expected if independent (Ludwig 
and Reynolds, 1988). 

The area of canopy cover is calculated using the imageJ 
software. The results of digital photographs in the field are 
converted to percent canopy cover by this software. An 
open canopy percentage is assumed as the percentage of 
light that reached the forest floor. 

RESULTS AND DISCUSSION 

Density of Nepenthes spp. 
Two species of Nepenthes are found in these research 

sites, namely Nepenthes gracilis and Nepenthes mirabilis. 
Nepenthes mirabilis was found in three sites of observation 
plots while Nepenthes gracilis was not found in Alang-
alang forest. 

Nepenthes mirabilis is found in a variety of habitat, but 
is usually most prevalent in disturbed areas, swamps, or 
grasslands. Most are found in the lowlands (up to 200 m 
asl), but can occur up to 1,000 m, and more rarely, up to 
1,400 m. A large number of individuals N. mirabilis found 
in the research sites indicates that this plant is a species that 
has a high tolerance to various habitat conditions. 
Therefore this species can be found throughout the research 
site. Dino et al. (2016) state that N. mirabilis is able to 
grow in various places both in shaded areas and open areas 
and has a wide distribution. The existence of Nepenthes 
mirabilis is often found living together with shrubs. 

Based on the observation result, the number of 
Nepenthes spp in each site is as shown in Table 1. 

 
 
Table 1. Individual numbers of Nepenthes in each research sites 
 

Type of vegetation  
Number of individuals (density) 
N. gracilis N. mirabilis 

Peat Swamp forest 1 (57) 30 (1714) 
Alang-alang forest - 19 (1085) 
Gelam forest 14 (800) 40 (2285) 
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Figure 1. Research sites at Sampit Botanic Gardens, Kotawaringin Timur District, Central Kalimantan Province, Indonesia 
 
 
 

Adam et al. (2011) said that differences in density of 
Nepenthes spp is influenced by combination of factors, 
which include topography, soil, habitat, different light 
intensities reaching the forest floor and water. From table 1 
above, it appears that in the semi-open Gelam vegetation 
area, N.mirabilis is found to be more individual than in the 
other two sites. In the Peat Swamp Forest also found quite 
a lot of N.mirabilis but because the canopy covers is denser 
than the other two sites, so the species is found not densely 
in the Gelam forest. Based on field measurements, in 
Gelam Forest it can be said that 90-100% canopy is open, 
but in Peat Swamp Forest only 12-30% canopy is open. 
While N. gracilis was not found in Alang-alang Forest, it 
was found only in Gelam forest and one individual was 

found in Peat Swamp Forest. N. gracilis prefers areas with 
high light intensity and lots of water. The average monthly 
temperature in Kotawaringin Timur District ranges from 
27-35°C and the relative air humidity is above 50%. 
Lestariningsih and Setyaningsih (2017) said that habitat of 
Nepenthes spp. is in the peat forest or peat soil texture and 
tolerant to high moist condition and temperature between 
27-29°C. Although the air temperature at the research sites 
during this research period including heat, but the area of 
Sampit Botanic Gardens quite often rain. This is because 
November is included in the wet months. In the Gelam 
Forest light is high enough and water is also quite 
available, because the floor is muddy. While in Alang-
alang Forest, N.gracilis was not found, although this site is 

DISTRICT 
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quite open but not many stands can be used as a medium 
for the spread of this species. Hot temperatures and open 
places cause the Alang-alang Forest to be relatively dry 
compared to Gelam forest. In addition, in the Alang-alang 
Forest are more commonly found bush and vines that 
compete with N.gracilis, especially from fern species such 
as Stenochlaena palustris (Burm.f.) Bedd. and Climber 
Uncaria gambir (Hunter) Roxb. covering many trees. 
Growth of N. gracilis is attached to the stems or branches 
of other trees that live nearby, although this plant is also 
living on terrestrial peat soil surface. In the Peat Swamp 
Forest in this case, N.gracilis found only one individual, 
and grew on the edge of the forest where the canopy was 
quite open. In the Peat Swamp Forest, Nepenthes spp are 
commonly found below or climbing the Combretocarpus 
rotundatus (Miq.) Danser tree while in the Gelam area it is 
found climbing in Cratoxylum glaucum Korth. 
Combretocarpus rotundatus and Cratoxylum glaucum are 
pioneer plants in peatlands that bear fruit throughout the 
year and have an important contribution to forest 
succession. Thus both species of this plant is very 
reasonable when used as a tree supporting the growth of 
Nepenthes. Research on seed removal by ground-feeding  

rodents in tropical peatlands (Blackham and Corlett 2015), 
indicates that not many Combretocarpus seeds move than 
other seeds. Combretocarpus had the highest proportion of 
seeds remaining at seed stations in habitats, with more than 
half the seeds (51.7%) remaining in forest. Thus, this 
species will regenerate continuously in the same place for 
supporting growth of Nepenthes. 

Mansur and Brearley (2008) concluded that the 
abundance of N. gracilis would increase with the openness 
of the stand. As a comparison, the results of Nepenthes 
calculations by some researchers in some of the open areas 
are shown in Table 2. 

Vegetation adjacent to Nepenthes 
An important factor to support the growth of Nepenthes 

spp is a stand that can be used as a media to climb, 
considering Nepenthes is a climbing plant. Most Nepenthes 
are vines or subscandent shrubs inhabit, attaching 
themselves to adjacent vegetation by the use of looped 
tendrils which develop from the tips of the leaf blades 
(Moran and Clarke 2010). Based on the observation it can 
be concluded that some plant families dominate in this 
research area (Table 3). 

 
 
 

 
 
Figure 2. Two species of Nepenthes in the research sites. A. Nepenthes gracilis, B. Nepenthes mirabilis 
 
 
 
Table 2. Comparison of Nepenthes spp. density in some forest areas 
 

Location 
Individual number (density) 

Habitat 
N. gracilis N. mirabilis 

Guntung Ujung, South Kalimantan (Kissinger et al. 2015)  (142) - Fragmented land, trees rare 
Nyarumenteng, Central Kalimantan (Kissinger et al. 2015)  (256) - Secondary stands 
Sebangau National Park, Central Kalimantan (Lestariningsih and 
Setyaningsih 2017)  

20 (160) 22 (176) Open peat forest  

Danau Sebedang, Sambas, West Kalimantan (Dino et al. 2016) 3 (100) 53 (1766) Open area 
 

A B 
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Tabel 3. Vegetation adjacent to Nepenthes spp. 
 

Vegetation type Number of other plant species/family Dominant family 

Peat Swamp Forest 34/22 Melastomataceae-Rubiaceae 
Alang-alang Forest 29/22 Rubiaceae-Compositae 
Gelam Forest 20/13 Myrtaceae-Cyperaceae 

 
 
 
Table 4. Non-tree plant species found in large quantities at the research sites 
 

The most common non-tree species found in three different sites 
Peat Swamp Forest Alang-alang Forest Gelam Forest 
Artabotrys hexapetalus (L.f.) Bhandari Stenochlaena palustris (Burm.f.) Bedd Stenochlaena palustris (Burm.f.) Bedd. 
Alocasia zebrina Schott ex Van Houtte Scleria sumatrensis Retz. Brachythecium plumosum (Hedw.) Schimp. 
Stenochlaena palustris (Burm.f.) Bedd Pteridium arachnoideum (Kaulf.) Maxon Scleria sumatrensis Retz. 
Trema orientalis (L.) Blume Dicranopteris linearis (Burm.f.) Underw. Scleria triglomerata Michx. 
Scleria sumatrensis Retz. Mentha × piperita L.  Patersonia umbrosa Endl. 
Lygodium microphyllum (Cav.) R. Br. Lycopodium clavatum L. Melastoma malabathricum L. 
Nephrolepis biserrata (Sw.) Schott Lygodium microphyllum (Cav.) R. Br. Bromheadia finlaysoniana (Lindl.) Miq. 
Pandanus scandens H. St. Jhon ex B.C. Stone Melastoma malabathricum L. Ficus septica Burm. f. 
Uncaria gambir (Hunter) Roxb. Taenitis interrupta Hook. & Grev. Chromolaena odorata (L.) R.M. King & H. Rob. 
Smilax pumila Walter Uncaria gambir (Hunter) Roxb.  
 
 
 
  
Table 5. Index of similarity (IS) between research sites 
 
Sites IS value Category  
Peat swamp-Alang 19.05 Low 
Peat swamp-Gelam 7.41 Low 
Alang-Gelam  36.73 Low 
 

 
Plant habitus that dominates Nepenthes habitat is a 

group of trees followed by shrubs and herbs. The number 
of plant habitus in each location is as follows: in Peat 
Swamp Forest found 19 species of trees, five species of 
bushes, four species of herbs, three fern species, two liana 
species, and one species of grass; in Gelam Forest found 11 
tree species, two species of shrubs, two species of grass, 
two fern species, one herbaceous species and two epiphytic 
orchid species; whereas in Alang-alang Forest found 11 
tree species, three species of shrubs, six species of herbs, 
six fern species, two species of grass and one species of 
liana. Although there are 11 species of tree habitus in 
Alang-alang Forest, only small trees are found and the 
numbers of tree are relatively small. This condition is not 
expected to be sufficient for the climbing medium of N. 
gracilis.  

The Melastomataceae family, mainly represented by 
Melastoma malabathricum L., generally predominates 
throughout the research area. The results of this research 
are similar to those observed by Susanti et al. (2016) to the 
community of N. mirabilis in the IAIN Campus forest, 
Jambi who discovered the fact that Melastoma 
malabathricum occupies the dominant position followed by 
Dicranopteris linearis (Burm.f.) Underw. and Acacia 
mangium Willd. Similarly, Adam et al. (2011), in their 
study also mentioned some species that grow competitively 
with Nepenthes, especially Dillenia suffruticosa and 
Melastoma malabathricum. Nepenthes gracilis favored 

growing in open area and partly shaded underneath by 
secondary plant species such as Melastoma malabathricum, 
Dicranopteris linearis and Blechnum orientale.  

The above plant species are almost similar to the non-
tree species found in the research sites (Table 4). As 
explained above Combretocarpus rotundatus is the main 
tree species found in Peat Swamp Forests in this research 
and is mostly climbed by Nepenthes. However, there were 
other tree species found in the Peat Swamp Forests such as 
Baccaurea tetrandra (Baill.) Murr. Arg., Tetractomia 
tetranda (Roxb.) Merr., Syzygium creaghii (Ridl.) Merr. & 
L.M. Perry, and Sterculia parviflora Roxb.. In the Gelam 
Forest only Melaleuca quenquenervia and Cratoxylum 
glaucum are much climbed by N. mirabilis. 

Index of similarities and Associations 
There are two species that are always found in the three 

sites, are Scleria sumatrensis Retz. (Cyperaceae) and 
Stenochlaena palustris (Blechnaceae). Based on the 
calculation of the Sorensen’s coefficient or similarity index 
showed no similarity in the composition of plant species 
that support habitat in the three research sites (Table 5.). 
The index Sorensen’s coefficient developed an index called 
the similarity index, which measures similarity between 
two habitats, value varies between 0 and 1. Zero indicates 
no similarity and 1 indicates maximum similarity (Dubey et 
al. 2013). A low similarity index score between the three 
research sites indicated that these three sites had different 
types of vegetation.  

Based on the result of calculation of 2x2 contingency 
table, it is obtained chi-square ƛ2 which shows no 
association between Nepenthes with two species above 
(S.sumatrensis and S.palustris), as well as between the two 
species do not show any association (Table 6.). However, 
the tendency for the discovery of grass species and ferns 
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species above as the vegetation supporting the Nepenthes 
community is found in several cases of research. Scleria 
sumatrensis is found to grow in the community of N. 
mirabilis (Susanti et al. 2016). In research conducted by 
Nasution et al. (2015), N. mirabilis has been found in the 
same habitat as the growth of Scleria ciliaris. Handayani et 
al. (2005) said that N. mirabilis can grow well in the land 
where Imperata cylindrica, Melastoma malabathricum and 
Gleichenia linearis can be found frequently. N. mirabilis 
was more frequently found in open areas at either wet such 
as riverside or dried areas which is covered by fern 
Gleichenia linearis. Mansur and Brearley (2008) found N. 
gracilis growing in an open area among the bushes of the 
Scleria purpurascens Steud. (Cyperaceae). Cyperaceae 
such as Fimbristylis miliaceae, Cyperus javanicus, 
Rhyncospora corymbosa and Scleria sumatrensis most 
often found in and around the basin/pond with its smooth 
and humid substrate characteristics (Novianti et al. 2017). 
Stenochlaena palustris, is an endemic fern at central of 
Kalimantan (Zannah et al. 2015), it is a sun-loving plant 
that thrives in open areas, usually on swampy land (Chai 
2016). The habitat where S. palustris grows, usually also 
can be found some species of Nepenthes (Firdaus 2017; 
Morley 2013; Asraf et al. 2011). 

Soil  
Nepenthes mirabilis generally grows on red podzolic 

soil or in swampy soil. In this research, pH value in Peat 
Swamp Forest is as follows pH H2O with range values 
3,83-4,47 and pH of KCL with value range 3,35-3,64, and 
C/N ratio is 20,52-40, 34. Lestariningsih and Setyaningsih 
(2017) said that habitat of Nepenthes spp. in the peat forest 
with soil pH ranging between 4 to 6.5. The range of soil pH 
values as mentioned above has a high tendency of Fe 
(Renge 2015). Rahim et al. (2007) said that Nepenthes sp 
can be used as a bioindicator for Fe. The forest floor in the 
Peat Swamp Area is a fairly thick pile of leaf litter, which 
makes it quite difficult to get sampled textured soil. 
Meanwhile, laboratory test results on soil in the other two 
types of vegetation are as Table 7. 

The Nepenthes species are tropical vines that grow 
solely or coexist in different habitats such as heath forest, 

peat swamp forest, mangroves, and cloudy montane forests 
on diverse infertile substrates including white sands, peat, 
cliffs, ultramafic soils, or epiphytic substrates. All these 
substrates are characterized by a scarcity of nutrients, 
especially nitrogen (Gaume et al. 2016). Nepenthes 
typically grows in Nitrogen-poor soil (Moran and Clarke 
2010; Marina et al. 2018), these plants can obtain N from 
organic sources like insects or small animals (He and Zain 
2012). Insects can walk upside down under the N. gracilis 
lid and harvest nectar but they regularly get knocked off by 
the impact of raindrops and end up as prey in the pitcher 
(Bauer et al. 2015). Few species of the genus Nepenthes 
developed mutualistic relationships with mammals for 
nitrogen supplementation. Yilamujiang et al. (2017) 
research show that carnivorous Nepenthes can harvest 
nitrogen in the form of urea “captured” in their pitchers and 
released upon cleavage by the plant’s urease. By 
Metagenome research, Chan et al. (2015) show that the 
Nepenthes pitcher fluid contains vast bacterial diversity and 
the culturomic studies confirmed the presence of 
biocatalytic bacteria within the Nepenthes pitcher juice 
which may act in symbiosis for the turn over of insects 
trapped in the Nepenthes pitcher fluid. Pitchers of N. 
mirabilis had higher bacterial diversity as compared to 
other Nepenthes species (Chou et al. 2014). Based on the 
above facts then it is natural that Nepenthes can grow on a 
poor land of nitrogen. Susanti et al. (2016) stated that 
Nepenthes are found in infertile soil areas, with low N, P, 
and K nutrient content, acid soils with a pH range of 2-4 or 
5, and high humidity, rarely grown in dense forest and 
alluvial soil. This information is in accordance with the 
results of soil tests at the research sites as shown in table 7. 
Most of Sampit Botanic Gardens is classified Podzolic Red 
Yellow or Podzolic, and Organosol. Podzolic lands are 
washed lands. In general, the soil in Sampit Botanic 
Gardens is gray (gray) on the surface of the soil (depth 0-
50 cm) and is red-yellow in the underground layer (> 30 
cm). The gray color on the soil surface is largely the effect 
of changes in land conditions such as inundation and fire 
occurrence. While the yellowish red color can be suspected 
to be the influence of the parent material that has been 
decayed (Witono et al. 2016). 

 
 
 
 
Table 6. The ƛ2 in Peat Swamp Forests (RG), Alang Forest (HA) and Gelam Forest (HG) 
 
 Nepenthes spp S. sumatrensis S. palustris 
Nepenthes spp.  RG HA HG RG HA HG 
Scleria sumatrensis   1,07 0,47 0,47 0,47 1,43 1,27 
Stenochlaena palustris      1,86 1,26 2,91 

 
 

 
Table 7. Result of laboratory test of soil at research sites 
 
Sites  pH H2O pH KCL C N Sand (%) Dust (%) Clay (%) 
Alang forest 5.81 3.58 0.5 0.02 91.9 3.8 4.2 
Gelam forest 4.92 3.71 3.8 0.21 32.6 56.6 10.9 
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The existence of Nepenthes is an indicator of the low 
nutrients contained in the soil (Kissinger et al. 2015). In 
Sebangau, found Nepenthes grew on land with content of 
N, P, and K, generally low (Brearley and Mansur 2012). 
Insect predation mechanism by Nepenthes is a strategy to 
overcome the problem of nutritional limitations that can be 
obtained from the soil. In addition to the roots that absorb 
nutrients from the soil, this plant is also able to absorb 
nutrients from insects trapped in the pitcher. Clarke and 
Moran (2011) said that various morphological and 
geometric characteristics of Nepenthes pitchers play 
important roles in trap function or specialized methods of 
nutrient acquisition. Pitchers of all Nepenthes species 
secrete nectar to attract insect prey. Bauer et al. (2012) 
observed that ants harvesting nectar from the lower lid 
surface of N. gracilis in the field, were able to walk upside 
down on the wax crystal surface without difficulty, while 
the same ants would slip and fall from the waxy inner 
pitcher wall. These insects are destroyed by the enzyme 
proteolase or nepenthesin for the sucking of the juice. Lam 
et al. (2018) experiment result of N. gracilis, showing that 
fluid protein levels were even higher in the presence of 
dipteran larvae, than in their absence.  

Based on the composition of the soil fraction from the 
results of laboratory tests, and then obtained the following 
results. The soil in Alang-alang forest is categorized as 
sand soil, while the soil in the Gelam Forest belongs to the 
category of dusty clay soil. Different soil textures will 
affect the ability of soil to store and deliver water, store and 
provide different nutrients. Sand texture is soil with sand 
content > 70%, it means some large pore space so that its 
good watering, fast conductivity of water, but the ability of 
storing nutrients is very low. In Gelam Forests, dust 
fractions are more dominant, dust-dominated soils will 
have moderate pores, dust-textured soils are generally more 
fertile than sand-textured soils. The parent material at the 
Sampit Botanic Gardens site is both frozen (conglomerate) 
and sedimentary rocks (limestone, foraminifera, and clay) 
as well as silt (lake sediments) derived from aging rocks. 
The advanced podsolization process will produce color 
yellowish-red soil (rust). This soil color indicates the 
remaining minerals in the soil are dominated by mineral 
oxides (iron and manganese) (Witono et al. 2016). Based 
on the texture tested in the field, most of the gray-colored 
soils on the top are affected by organic matter and ash from 
combustion. Forest fires often occur in Sampit Botanic 
Gardens. The gray color found in the lower layer, is the 
effect of flooding. Most of the land at the Sampit Botanic 
Gardens site has a shallow groundwater level (<1 m). This 
can lead to high gleization processes on soils characterized 
by gray soil color. Another soil is Tropohemist or 
Organosol, a soil that can be found on land with basin 
physiography. Based on survey results, this type of soil was 
not found. Fires occurring regularly at the site of Sampit 
Botanic Gardens are thought to have removed the peat 
layer (hemist) from the soil surface so that what remains is 
the mineral soil layer (Witono et al. 2016). 

Nepenthes mirabilis, in this case, grows in three quite 
distinctly different types of soil, whereas N. gracilis is 
more commonly found in 'submerged' forests. Thus the soil 

fertility factor does not seem to be a barrier to the growth 
of N. mirabilis and N. gracilis but more fertile soil would 
be preferred. N. mirabilis can be found in the three sites of 
this research but N. gracilis is not found in Alang-alang 
Forests that are relatively less fertile than in Gelam Forests 
as in the case of the KHDTK Sampit Botanic Gardens. 

In conclusion, Nepenthes spp. have been found growing 
in the KHDTK area of Sampit Botanic Gardens especially 
in three different habitat sites with a considerable number 
of individuals. Nepenthes mirabilis is more common than 
Nepenthes gracilis, especially in Gelam Forest. Although 
this plant does not require shade for its growth, but the 
presence of tree habitus is needed as a medium to climb it, 
so woody plants have an important role for the survival of 
Nepenthes. Combretocarpus rotundatus in Peat Swamp 
Forest as a tree that many climbed by Nepenthes, while 
Cratoxylum glaucum is a tree that climbed by N. gracilis in 
the Gelam Forest. In general, N. mirabilis grew well in the 
three research sites, whereas N. gracilis was found only in 
relatively more open forests compared to swamp forests but 
also more water (muddy soil) than in dried Alang-alang 
Forests. Melastomataceae, Compositae, Cyperaceae and 
several species of ferns are another plant group that grows 
competitively in the Nepenthes habitat. While the soil in 
which Nepenthes grow has a wide texture range but in this 
case, dusty texture is preferred over sandy texture.  
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Abstract. Vincent M, Hung MC, Baran PRM, Azahari AS, Adeni DSA. 2018. Isolation, identification and diversity of oleaginous yeasts 
from Kuching, Sarawak, Malaysia. Biodiversitas 19: 1266-1272. The present study was performed to isolate, identify and determine the 
diversity of oleaginous yeasts from various sources in Kuching, Sarawak (Malaysia). Microscopic observations via light and scanning 
electron microscope (SEM) indicated that the yeast isolates were in sizes ranging from 2-3 µm in width and 4-8 µm in length, typical of 
most unicellular ascomycotic fungi. Polymerase Chain Reaction (PCR) and molecular identification performed on the yeast isolates, 
targeting the D1/D2 region of the 26S rDNA, identified 6 yeast species from the 21 isolates, namely Pichia manshurica (5/21), Candida 
krusei (8/21), Candida parapsilosis (1/21), Pichia guilliermondii (2/21), Clavispora lusitaniae (1/21) and Kluyveromyces marxianus 
(4/21). All 21 yeast isolates accumulated intracellular lipids when grown in nitrogen-limited medium, as tested via Sudan IV staining. 
The present study is the first to document the production of lipids bodies in C. krusei, C. parapsilosis, and C. lusitaniae. Further 
investigations to assess the growth kinetics, lipid production efficiencies and lipids profiles of these oleaginous yeasts may provide 
insights into the possible utilization of these isolates for a variety of scientific, technical and industrial applications. 

Keywords: Fungal lipid, lipid accumulation, oleaginous yeasts, Polymerase Chain Reaction (PCR), Triacylglycerols (TAGs) 

Abbreviations: MEGA4: Molecular Evolutionary Genetic Analysis, NCBI: National Center for Biotechnology Information, PCR: 
Polymerase Chain Reaction, RBDC: Rose-Bengal Dichloran Chloramphenicol, SEM: Scanning Electron Microscope, TAGs: 
Triacylglycerols, YMB: Yeast Malt Broth 

INTRODUCTION 

There are growing interests in lipids or triacylglycerols 
(TAGs) from oleaginous yeasts in recent years (Areesirisuk 
et al. 2015; Kahr et al. 2015; Wang et al. 2016; Ramírez-
Castrillón et al. 2017; Vincent et al. 2018). This fungal 
group possesses the ability to convert agro and industrial 
residues into TAGs that are prime alternatives to lipids that 
are animal and/or plant-based (Pan et al. 2009; Aghbashlo 
and Demirbas 2016). More importantly, it has been 
reported that several of these edible lipids are not found in 
the plant or animal kingdom, especially lipids containing 
polyunsaturated fatty acids (PUFAs) that are essential fatty 
acids known to be health promoting (Akpinar-Bayizit 
2014). Commonly considered as storage lipids, TAGs are 
important for the synthesis of carbon skeletons in other 
biomolecules and as energy during growth and 
development. The other major TAGs components are 
sterols, squalene, and terpenes (Akpinar-Bayizit 2014).   

In the production of biodiesel, TAGs are indispensable 
as raw material (Vincent et al. 2014; Hanif et al. 2017). 
Currently, approximately 70 to 75% of global biodiesel is 
produced from vegetable oils such as palm oil and soybean 
oil, animal fat as well as waste cooking oil (Li et al. 2011; 
Tremblay and Montpetit 2017). Manufacturing biodiesel 
from vegetable oils, however, is undesirable as this practice 

competes with the use of these edible oils for human 
consumption that prevents the long-term development and 
large-scale production of biodiesel (Li et al. 2011; 
Aghbashlo and Demirbas 2016). In addition, production of 
biodiesel is costly when plant oil is used as raw materials 
(Li et al. 2011). Therefore, TAGs from oleaginous yeasts 
offer a promising solution, as under optimal conditions, 
oleaginous yeasts can accumulate up to 70% of their cell 
weight in the form of TAGs (Pan et al. 2009; Ramírez-
Castrillón et al. 2017).  

TAGs from oleaginous yeasts are similar to vegetable 
oils in their fatty acids composition (Ma 2006; Li et al. 
2011; Calvey et al. 2016). However, when compared to oil-
producing plants, the culturing of oleaginous 
microorganisms are less laborious and are not affected by 
common agricultural problems such as land acreage, soil 
conditions and/or climates (Vincent et al. 2018). Another 
major advantage of using oleaginous yeasts is their ability 
to grow in extreme environments such as low temperature 
and low oxygen availabilities (Calvey et al. 2016). 
Furthermore, their short life spans enable the rapid 
production of high-value TAGs that can be used as food, 
feed, and biodiesel feedstock (Akpinar-Bayizit 2014; Wang 
et al. 2016).  

A large variety of oleaginous yeast genera can be found 
in soil, common surfaces and fruit products. Of the 
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estimated 600 different yeast species, only 25 or so are 
reported to be able to accumulate more than 20% lipid 
(Ratledge and Wynn 2002). These oleaginous yeast 
members are part of a larger group of oleaginous fungi 
such as Candida utilis, Lipomyces starkeyi, Trichosporon 
cutaneum, and Rhodotorula minuta (Pan et al. 2009; 
Brandenburg et al. 2016, Vincent et al. 2018).  

Although, many studies have been conducted on the 
lipid accumulation in oleaginous yeast, these studies have 
been confined to the optimization of lipid production using 
established species such as Lipomyces starkeyi, Candida 
lipolytica and Yarrowia lipolytica (Li et al. 2011, Kahr et 
al. 2015; Brandenburg et al. 2016; Wang et al. 2016). 
Limited studies have been done to isolate other oleaginous 
microorganisms from the natural environment. Therefore, it 
is vital to screen for more lipid accumulating yeasts, as 
there is abundance of oil-producing yeasts that may possess 
potential novel industrial applications that are yet to be 
discovered and exploited (Pan et al. 2009; Li et al. 2011). 
  

In this study, oleaginous yeasts were isolated from 
various food-related sources such as fruit surfaces, fruit 
stalls, sago plant effluent, sugar cane juice and agricultural 
soil samples. After microscopic examination of isolated 
yeasts under light and scanning electron microscope, lipid 
assay via Sudan IV staining was carried out to screen for 
their ability to produce lipids. Once their lipid 
accumulation abilities have been confirmed, the identities 
of the yeast isolates were established via DNA sequence 
analyses. 

MATERIALS AND METHODS  

Isolation of oleaginous yeasts 
Samples from fruit surfaces, tabletop swabs, sugar cane 

juice, sago effluent and agricultural soils were collected 
from the Kuching, Sarawak (Malaysia) area. Fruit surfaces 
and table tops were sampled by swabbing using sterile wet 
cotton buds before placing in universal bottles containing 
10 mL of Yeast Malt Broth (YMB) (Sigma, USA) 
supplemented with 100 µL of 40 mg mL-1 chloramphenicol 
(Duchefa, Netherlands). Samples from the sugar cane juice 
and sago effluent were prepared by diluting 10 mL of 
samples into enrichment medium which consisted of 90 mL 
YMB (1:10 dilution) and 1 mL of 40 mg mL-1 
chloramphenicol. For the soil samples, 10 g of soil sample 
was mixed into 90 mL YMB supplemented with 1 mL of 
40 mg mL-1 chloramphenicol. The samples collected were 
incubated in an incubator shaker (InnovaFM 4000, New 
Jersey, USA) at 28ºC for 48 h with shaking at 150 rpm.  

Upon enrichment, serial dilutions were made from the 
enriched-culture broths. In brief, 1 mL of the culture was 
serially diluted from 10-1 to 10-6 folds. Next, 300 µL of 
broth from each dilution was then plated onto Rose-Bengal 
Dichloran (RBD) agar (Oxoid, England) supplemented 
with chloramphenicol, by using a sterile ‘hockey stick’ 
glass rod. The plates were then incubated at 30ºC for 48 h. 
Subculture of chosen colonies was then carried out on the 
agar plates containing the same medium and incubated at 

30ºC for another 48 h. Distinct single colonies were 
selected and grown in liquid medium containing 10 mL 
YMB and 100 µL chloramphenicol. The purified yeast 
cultures were then added with 20% glycerol (Daejung, 
Korea) and stored in a -20ºC freezer. 

Morphological examination of the yeast isolates 
Microscopic observations were performed to observe 

the morphological and size characteristics of the yeast 
isolates under a light microscope (Olympus BX51, Japan). 
This was supplemented with scanning electron microscopy 
(SEM) visualization.  

Lipid accumulation in the yeast isolates 
To perform the lipid accumulation study, each yeast 

isolate was transferred into a conical flask containing 
double strength YMB. After an incubation period of 72 h, 
an equal volume of 10% (w/v) glucose (Daejung, Korea) 
solution was added to provide excessive carbon source in 
the medium to induce intracellular lipogenesis. This 
process was conducted for another 72 h.   

Detection of lipid via Sudan IV staining 
To test the yeast isolates for lipid bodies, 300 µL of 

culture was mixed with 300 µL of Sudan IV solution. After 
1 h of staining, the culture was fixed onto a glass slide and 
observed under a light microscope for the presence of 
bright red colored fat globules within the yeast cells. 

Molecular identification of the yeast isolates 
DNA extraction was performed using the PowerSoil® 

DNA Isolation Kit (Mo Bio Laboratory, USA) according to 
the manufacturer instruction. All DNA samples were then 
subjected to polymerase chain reaction (PCR) amplification 
using a pair of universal fungi primers, 26S-D1F (5’-
GCATATCAAAAGCGGAGGAAAAG-3’) and 26S-D2R 
(5’-GGTCCGTGTTTCAAGACGG-3’) to generate 
amplicons of approximately 600 bp in sizes. Briefly, the 
diluted DNA (3.0 μL of 10 ng μL-1) was mixed with 22.0 
μL of PCR master mix, consisting of 2.5 μL of 10X PCR 
buffer, 1.0 μL of 10 mM dNTPs, 1.5 μL of 50 mM MgCl2, 
1.0 μL 5 pmol μL-1 of each primer, 0.3 μL Taq DNA 
polymerase and 14.7 μL sterile distilled water. The PCR 
amplification was performed in a LabCycler System 
(Sensoquest, Germany) as followed: initial denaturation at 
95oC for 7 min, followed by 35 cycles of denaturation at 
94ºC for 1 min, annealing at 55ºC for 1 min and extension 
of DNA at 72ºC for 1 min; and a final elongation at 72ºC 
for 10 minutes. 

After the PCR amplification, the products were then 
loaded into 1.5% agarose gel, electrophoresed and placed 
onto a UV transilluminator for visualization. Upon 
confirmation of amplicon presence, the PCR products were 
purified using UltraClean® PCR Clean-Up Kit (Mo Bio 
Laboratory, USA) and sent for DNA sequencing. The 
sequence data received were then analyzed by using the 
BLASTN algorithm and cross-referenced to the NCBI 
database. All sequences were deposited in the NCBI 
GenBank.  
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Phylogenetic analysis 
A BlastN search of the 26S rRNA nucleotide sequences 

of the 21 isolates was conducted using the NCBI database 
for homology identification. Sequences were edited using 
the BioEdit and CAP3 sequence editor to trim the multiple 
sequences within the conserved region (Huang and Madan 
1999). The compiled contig sequences were later aligned 
using ClustalW to construct a phylogenetic tree using the 
Molecular Evolutionary Genetic Analysis (version 4.0) 
(MEGA4) software via the neighbour-joining method 
(Tamura et al. 2007). 

RESULTS AND DISCUSSION 

In the initial stage of this study, 21 presumptive yeast 
colonies were selected; 9 from fruit surfaces, 8 from table 

tops, 1 from sugar cane juice, 1 from sago effluent and 2 
from soil samples. Table 1 shows the detailed list of the 
yeast isolates. On Rose-Bengal Dichloran Chloramphenicol 
(RBDC) agar (Figure 1), the yeast colonies appeared 
slightly pinkish in color, consisting of smooth circular, 
irregular and rhizoid elevated morphologies, typical of 
yeast features. RBDC agar was used during initial isolation 
as chloramphenicol in this medium acts as a bacteriostatic 
agent to suppress a wide spectrum of bacterial species. 
According to Broadbent and Terry (1985), 
chloramphenicol does not negatively affect the growth of 
most fungi, while dichloran and rose bengal retard the 
growth of filamentous molds. Hence, isolation of yeasts 
can be made accurately because of the absent of mixed 
colonies of bacteria and filamentous fungi. 

 
 
Table 1. Results for the identification of the yeast isolates and their lipid production assays 
 

Origin Designation Species Accession number Lipid droplets 

Table top swabs T1A1 Candida krusei KM279367 + 
 T1B1 Candida krusei KM279368 + 
 S1A1 Candida krusei KM279369 + 
 S1A2 Candida krusei KM279370 + 
 U-MF 4 Candida parapsilosis KM279373 + 
 TKB5 Pichia guilliermondii KM279364 + 
 TKP4 Clavispora lusitaniae KM279374 + 
 TKW4 Candida krusei KM279366 + 
     
Soil sample Y1S2 Candida krusei KM279372 + 
 MS4 Pichia manshurica KM279358 + 
     
Sago effluent SE6 Candida krusei KM279365 + 
     
Fruit swabs (Rambutan) U-MF 6 Kluyveromyces marxianus KM279375 + 
 U-MF 7 Kluyveromyces marxianus KM279376 + 
 U-MF 8 Pichia manshurica KM279360 + 
 U-MF 9 Pichia manshurica KM279361 + 
 U-MF 10 Kluyveromyces marxianus KM279377 + 
 U-MF 11 Kluyveromyces marxianus KM279378 + 
 U-MF 14 Pichia manshurica KM279362 + 
Fruit swabs (Lemon) L5 Pichia guilliermondii KM279363 + 
Fruit swabs (Pineapple) N6 Pichia manshurica KM279359 + 
     
Sugar cane juice C1S1 Candida krusei KM279371 + 
Note: “+”: present; “-”: absent 

 
 

 
A B C D 

 
Figure 1. Presumptive yeast colonies on RBDC agar of samples from: A. Table top swabs, B. Sugar cane juice, C. Soil sample, D. Sago effluent 
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Figure 2. Scanning electron Microscope (SEM) of selected yeast cells: A. Candida krusei, B. Candida parapsilosis, C. Candida 
lusitaniae, D. Pichia guilliermondii, E. Pichia manshurica, F. Kluyveromyces marxianus 
 
 

 
A B C D 

 

Figure 3. Lipid droplets (bright red bodies shown by arrows) in selected oleaginous yeasts cells as seen under the light microscope: A. 
Candida krusei, B. Candida parapsilosis, C. Candida lusitaniae, D. Pichia guilliermondii, E. Pichia manshurica, F. Kluyveromyces 
marxianus 

 
 
 
When observed under the microscope, the shapes and 

sizes of the individual cell varied slightly, with most cells 
seen as ellipsoidal to oval in shape. The sizes of the yeasts 
were approximately 2-3 µm in width and 4-8 µm in length. 
Further examination under the scanning electron 
microscope (SEM) showed cells that are curved 
cylindrically at the point-end, as shown in Figure 2. The 21 
isolated fungal species can also be seen projecting 
holoblastic budding bodies and naked asci that are 
phenotypic characteristics of yeasts under the phylum 
Ascomycota (Suh et al. 2006). 

After a 72 h incubation period in a glucose-rich, 
nitrogen-limited medium, the yeast cells were examined for 
intracellular lipid production via Sudan IV staining. 
According to Pan et al. (2009), this procedure offers partial 
information on the lipid accumulation abilities of the tested 
yeast isolates. Sudan IV stained lipid bodies appear as 
reddish-orange globules within the yeast cells when 

observed under the light microscope. All 21 yeast isolates 
were shown to harbor noticeable intracellular lipid bodies, 
as seen in Figure 3.  

Polymerase chain reaction (PCR) targeting the 
conserved D1/D2 regions of 26S rDNA performed on the 
lipid producing yeast isolates were successful in producing 
the desired amplicons of approximately 600 bp in sizes 
(Figure 4) in all the presumptive isolates. This particular 
locus was selected, as according to Sugita and Nishikawa 
(2003), conspecific fungi strains have more than 99% 
nucleotide similarity in the D1/D2 regions of 26S rDNA 
sequences, making this genetic marker highly species 
specific to confirm the identities of different fungi strains 
(Maoura et al. 2005). DNA sequences data from fungal 
isolates that have not been registered in data libraries can 
be cross-referenced against the fungal 26S rDNA database 
in National Center for Biotechnology Information (NCBI) 
by using the BLASTN algorithms. This method has been 

A B C 

D E F 

5 µm 
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applied in identifying 666 out of 685 fungi species (Sugita 
and Nishikawa 2003). BlastN analyses of PCR product 
sequences were cross-referenced to the NCBI database, 
revealing that the 21 isolates belonged to 6 yeast species; 
Pichia manshurica, Candida krusei, Candida parapsilosis, 
Pichia guilliermondii, Clavispora lusitaniae and 
Kluyveromyces marxianus, as presented in Table 1. From 
the pool of the identified yeast isolates, 16 of the 21 
isolates belonged to the genera Candida (9/21) and Pichia 
(7/21). These two yeast groups are frequently isolated in 
the soil obtained from orchards in China and South Korea 
as reported by Pan et al. (2009) and Kang et al. (2005). Our 
findings are also in agreement with previous studies on the 
associations of Pichia spp. and Kluyveromyces spp. with 
fruit surfaces (Chanchaichaovivat et al. 2007; Gana et al. 
2014) as well as in fruit juices (Covadonga et al. 2002). 

The yeast DNA sequences obtained in this study have 
been deposited in the GenBank database under unique 
accession numbers as recorded in Table 1. These sequences 
were then used to perform phylogenetic analysis to study 
the relationship among the yeast isolates via the 
construction of a dendrogram as depicted in Figure 5. The 
dendrogram generated using the MEGA4 software (Tamura 
et al. 2007) showed a high degree of heterogeneity among 
the species. From the phylogenetic tree, 42.9% of isolates 
displayed >99.0% genus-level sequence homology to 
species belonging to the genera Candida. Majority of the 
Candida spp. belonged to C. krusei. Only one isolate was 
identified as Candida parapsilosis. 33.3% of all isolates 

had 98.0% sequence homology to Pichia spp. 71.4% and 
28.6% of the Pichia spp. were P. manshurica and P. 
guilliermondii, respectively. The other 5 isolates were 
divided into two different phylogenetic groups. Four of the 
isolates showed 98.0% sequence homology belonging to K. 
marxianus while the remaining isolate was identified as C. 
lusitaniae with 99.0% sequence homology. C. krusei and P. 
manshurica clades strongly supported the bootstrap value 
of 100.0% as in Figure 5. 

 
 

 
 
Figure 4. PCR products (approximately 600 bp) electrophoresed 
on 1.5% agarose gel: 1. Candida krusei, 2. Candida krusei, 3. 
Candida parapsilosis, 4. Pichia guilliermondii, 5. Pichia 
guilliermondii, 6. Candida lusitaniae, 7. Kluyveromyces 
marxianus, 8. Kluyveromyces marxianus, 9. Pichia manshurica, 
10. P. manshurica, (L) 100 bp ladder (Fermentas, Germany) 

 

 
 
Figure 5. Phylogenetic analysis of the 21 yeast isolates analyzed using MEGA4 depicting the relationships of partial 26S rRNA 
sequence with close-related sequences retrieved from the NCBI database 
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Storage lipids are usually found within specialized 
organelles known as lipid particles or lipid bodies. In yeast, 
lipid bodies accumulate during stationary phase and can 
constitute up to the total lipid content of the cell (Zweytick 
et al. 2000; Zhao et al. 2008). Although there are limited 
literature that have reported on the intracellular lipid 
production in P. manshurica (Areesirisuk et al. 2015), P. 
guilliermondii (Wang et al. 2012; Ramírez-Castrillón et al. 
2017) and K. marxianus (Tampitak et al. 2015), no solid 
references can be found on lipogenesis in C. parapsilosis, 
C. krusei and C. lusitaniae. Therefore, this study is the first 
to report lipid bodies accumulation in these three species.  

The basic mechanisms of lipid accumulation in 
microorganisms are well documented (Zweytick et al. 
2000; Pan et al. 2009). In culture medium that is high in 
initial C/N ratio, excess of sugars or saccharides is 
converted into triglycerides in lipid bodies. This occurs 
when nicotinamide adenine dinucleotide isocitrate 
dehydrogenase activities decrease from the mitochondria, 
causing the repression of the tricarboxylic acid cycle that is 
largely due to low nitrogen in the culture medium (Rossi et 
al. 2011). To induce lipid accumulation in yeast cells, batch 
fermentation system is usually performed in two stages; the 
propagation/growth stage and the lipogenic stage. During 
the propagation stage, lipid-free biomass is produced at 
high concentration rapidly as there is positive carbon flow 
toward biomass generation. This is followed by lipid 
accumulation in the yeast cells during the lipogenic phase 
when the concentration of nitrogen in the culture medium 
becomes limited while carbon sources are increased (Li et 
al. 2007; Rossi et al. 2011). Unlike other oleaginous 
organisms, yeasts are not only efficient lipid producers, but 
many studies have reported their abilities to generate lipids 
from various carbon sources, even from lipids present in 
the culture media (Iassonova et al. 2008; Zhao et al. 2008). 
The fatty acid contents from yeast lipids include stearic, 
oleic, linoleic and palmitic acids that are similar to those of 
plants, which mean that yeast lipids could be used as edible 
oils, animal feed and as biodiesel feedstock (Xin et al. 
2009).  

This study has successfully isolated and identified 21 
yeast isolates from various food-related sources in 
Kuching, Sarawak (Malaysia). All the yeast isolates were 
found to produce intracellular lipid bodies when grown in a 
glucose-rich medium, making them potentially applicable 
in the production of edible lipids, animal feeds and as 
biodiesel feedstocks. Further studies can be conducted to 
examine their growth kinetics, lipid production efficiencies 
and lipids profiles may provide insights into the possible 
utilization of the yeast isolates for a host of scientific, 
technical and industrial applications. In addition, the lipids 
produced can be characterized from each isolate to 
determine the possible presence of rare and novel 
triglycerides which can be utilized for other more specific 
applications.    
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Abstract. Mas'ud A, Corebima AD, Amin M, Rohman F. 2018. RAPD based molecular analysis genetic diversity of Ornithoptera croesus 
found in Bacan Island, Indonesia. Biodiversitas 19: 1273-1279. The endemic butterfly commonly known as birdwing butterfly found in 
Bacan island (Ornithoptera croesus) was first discovered by Wallace in 1859. The O. croesus hotspot is a nature preserve located at 
various altitudes around Sibela mountain. The O. croesus belongs to macrolepidoptera which is famous for their variety of body colors 
and typical morphology identified in female and male found at various altitude places. This study aimed to examine the genetic diversity 
of O. croesus at some different altitude spots in Sibela mountain using PCR-RAPD molecular analysis. The result of the DNA 
amplification showed high polymorphism in O. croesus (84,81). The clustering pattern indicated that O. croesus ♂ 400 meters above sea 
level (m asl.) and O. croesus ♀ 400 m asl. had the highest level of genetic similarity, while the lowest level of genetic similarity was 
observed in O. croesus ♀ 800 m asl. and O. croesus ♀ 20 m asl. On the basis of these findings, clustering pattern showed that the 
highest level similarity could also be found in species that live in the same altitude. 

Keywords: Altitudinal, endemic, Ornithoptera croesus, similarity 

INTRODUCTION 

Birdwing butterfly (Ornithoptera croesus) is a 
macrolepidopteran species endemic in Bacan island 
(Peggie et al. 2005) was first discovered by Wallace in 
1859. Morphological variation found in O. croesus 
includes the wing color, wingspan, leg length and body size 
(Wallace 1869; Collins and Morris 1985; Peggie 2011). 
Female and male O. croesus can be differentiated by its 
wing color pattern and body size. A number of studies have 
identified the morphological variation in birdwing 
butterflies such as Kondo et al. (2003) in Trogonoptera 
spp, Troides spp., and Ornithoptera spp.; Sullivan and 
Miller (2007) in macrolepidoptera; Hebel (2010) in 
butterflies found at different altitude ranges; Suwarno 
(2010) in population dynamic Swallowtail butterfly in dry 
and wet season; Makhzuni et al. (2013) Variations 
Morphometry of butterflies Papilio polytes on various 
plateau and low in West Sumatra; and Despland (2014) in 
Atacama plateau butterflies. Harmonis and Saud (2017) 
state that butterfly communities were affected by 
degradation habitat, while fragmentation habitat did not 
influence the butterfly communities.  

Morphological variation in O. croesus has also been 
found on the hotspots located at some different gradient 
places. Some research that attempted to reveal intraspecific 
variation in butterflies and insects based on their habitat 
and altitudes are Sreekumar and Balakreesnan (2001) in 

butterflies in India; Hodkinson (2005) in insects found in 
diverse altitudes; Botes et al. (2005) in Northen ants; 
Brehm et al. (2007) in night butterfly found in different 
altitude places; Lamkind et al. (2011) in Diptera; Rotrigers 
(2008) in hymenoptera; Zarikian (2017) altitudinal 
distribution of Papilionoidea (Lepidoptera) in Mount 
Aragats, Armenia. 

Mount Sibela is known geographically as the highest 
mountain in North Maluku. It is also known as the 
ecological niche of O. croesus butterfly (Wallace 1869; 
Collins and Morris 1985). The O. croesus butterflies and 
other species belong to family Papilionidae can be 
discovered in the mountain areas at different altitudes 
ranging from 20 meters above sea level (m asl.) to 800 m 
asl. Mount Sibela is also a habitat for Mussaenda and 
Ashoka that provide nutrients for the O. croesus butterfly 
(Mas’ud 2016). 

There is no availability of any updated information on 
regarding morphological and molecular genetic diversity of 
O. croesus butterfly. Thus, this RAPD based study would 
attempt to fill this gap by examining the genetic diversity 
(intraspecies) of the endemic butterfly of Bacan island (O. 
croesus) at various altitude places in Mount Sibela. This 
present study was the first attempt to preserve the endemic 
butterfly of North Maluku conducted on the intraspecies 
diversity of O. croesus based on molecular character. This 
study was also done as an effort to preserve the endemic 
butterfly of North Maluku, Indonesia. 
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MATERIALS AND METHODS 

Specimen collection 
Male and female adult O. croesus butterflies were 

caught and collected by using an insect net from four 
locations in Mount Sibela conservation area (20 m asl., 200 
m asl., 400 m asl., and 800 m asl.) (Figure 1). Purposive 
sampling technique was used to select the samples. The 
samples consisted of four male and four female adult 
butterflies (Figure 2). These fresh samples were washed by 
using 70% alcohol and preserved. Dried specimens were 
taken into Life Science Central Laboratory of Brawijaya 
University, Malang, Indonesia for molecular analysis 

Isolation of total DNA 
DNA was isolated from the legs of the specimens (80 

mg). DNA isolation followed the Nucleospin Genomic 
DNA protocols using a miniprep kit (Macherey-Nagel). 
This kit employed a column purification technique to 
extract total DNA from an animal tissue. The cell 
undergoes lysis by grinding it in a T1 lysis buffer (180 µL ) 
and adding it with 25 µL pro-K. It was then incubated 
inside a thermomixer at 56C, shaken at 500 rpm for 3 
hours, and centrifuged at 11000xg, 25C for 5 minutes. The 
supernatant was transferred into a new tube and added with 
200 µL buffer B3 and mixed gently until it was 
homogeneous. It was incubated in a thermomixer at 70C 
for 30 minutes, shaken at 400 rpm, added with 210 µL non 

vortex absolute ethanol, and centrifuged at 11000xg for 1 
minute (25C). The column was replaced, added with 500 
µL buffer BW, and centrifuged at 11000xg for 1 minute 
(25C). The column was substituted, added with 600 µL 
buffer BS, and centrifuged at 11000xg for 1 minute (25C). 
The dry silica membrane was centrifuged at 11000xg for 1 
minute (25C). The tube was transferred into a new 1,5 mL 
tube, added with 25 µL hot buffer BE solution (70C), 
incubated for 5 minutes at the room temperature, and 
centrifuged at 11000xg for 3 minutes (25C). The solution 
was added with 25 µL hot buffer BE, incubated for 5 
minutes at the room temperature and centrifuged at 
11000xg 25C to obtain final DNA. 

Polymerase Chain Reaction (PCR) 
The PCR analysis followed the protocols provided by 

PCR Master Mix (Intron) Kit. The PCR (total volume = 10 
μL) was composed of primer 10 pmol/µL (1 µL); ddH2O 
(2.75 µL ), PCR Mix (5 µL), BSA 10 mg/ML (0.25 µL ), 
and DNA (1 µL). Primers used were OPA 1-OPA 20 
(Table 1). The PCR temperature control was described as 
follows. Initial denaturation was performed at 92ºC for 4 
minutes, and continued in 45 cycles (denaturation: 92ºC, 2 
minutes; primers attachment: 36ºC, 60 seconds; and DNA 
elongation: 72ºC, 120 seconds and post extension 72ºC, 10 
minutes). DNA bands were electrophoresed using agarose 
gel 1 % and visualized using a UV-transilluminator. 

 
 

 

 
 

 

 
 

Figure 1. Locations of O. croesus sample collection in Mount Sibela conservation area, Ternate, North Maluku, Indonesia  

L E G E N D : 
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Data analysis 
Data were analyzed based on the existence of DNA 

bands. Zero (0) means that no DNA band found while one 
(1) signified the existence of a DNA band. Cluster analysis 
was performed using the UPGMA (Unweight Pair Group 
Method with Arithmetic Mean) technique, Multivariate 
Statistical Package (MVSP) program version 3.22 
(Kovach: 2007) 

RESULTS AND DISCUSSION 

Research data was reported based on the existence of O. 
croesus DNA bands in eight individuals (4 males and 4 
females) collected from various altitudinal locations in 
Mount Sibela conservation area (Table 1). 

In total, there were 180 bands were obtained based on 
the existence of DNA band pattern shown in the pictures 
and identified with the following criteria: 158 were 
polymorphic and 22 were monomorphic. The average 
percentage of polymorphism in primers OPA 1-20 was 
84,81% (Table 1). Based on polymorphic values it is 
known that there is high genetic diversity signifies there are 
many variations in phenotype and genotype characteristics 
in the O croesus butterflies. Intraspecies variations were 
found in the butterfly O croesus After that, an analysis of 
matrix similarity was conducted very shortly based on the 

appearance of DNA bands (DNA profile) with scoring 1 
(present) and 0 (absent) (Figure 2). 

Based on the results of the RAPD visualization (Figure 
3), matrix analysis could be performed (Table 2). The 
highest value of matrix similarity (0,839) (Table 2) was 
observed in O. croesus ♂ 400 m asl. and O. croesus ♀ 400 
m asl. The results of the RAPD analysis indicated that there 
were a lot of similarities that could be found between O. 
croesus ♂ and O. croesus ♀ collected at 400 m asl. 
Meanwhile, the lowest level of similarity (0,642) was 
identified in O. croesus ♀ 800 m asl. and O. croesus ♀ 20 
m asl. Dendrogram generated from the average value of 
matrix similarity in 20 OPA primers is presented in Figure 
4.  

The result of UPGMA (dendrogram) analysis shows 
that the similarity value (0,52) is the root that makes up 4 
main clusters: main cluster I consisted of O. croesus ♀ 800 
m asl. and O. croesus ♀ 20 m asl., main cluster II consisted 
of O. croesus ♀ 200 m asl., main cluster III consisted of O. 
croesus ♂ 800 m asl., O. croesus ♀ 400 m asl., O. croesus 
♂ 400 m asl., and main cluster IV consisted of O. croesus 
♂ 200 m asl. and O. croesus ♂ 20 m asl. The highest level 
of similarity (0,84) was found between O. croesus ♀ 400 m 
asl. and O. croesus ♂ 400 m asl. This finding suggests that 
butterflies from the highlands tend to have higher levels of 
genetic similarity, whereas those from the lowlands tend to 
exhibit random patterns. It is suspected that the direction of 
the spread pattern of this butterfly extends from the plateau 
to the lowlands.  

 
 
 

 
 

 
 
Figure 2. The endemic butterflies of Bacan island (O. croesus) collected from four locations. A = 20 m asl., B = 200 m asl., C = 400 m 
asl. and D = 800 m asl. 
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Table 1. RAPD primers, sequence and polymorphism (%) of O. croesus analyzed based on the existence of DNA-RAPD bands pattern 
using the UPGMA method 
 

Primer Seq 5 to 3 Seq 5 to 3 
bands 

Polymorphic 
bands 

Monomorphic 
bands Polymorphism (%) 

OPA-1 CAG GCC CTT C 07 06 01 85.71 
OPA-2 TGC CGA GCT G 03 02 01 66.66 
OPA-3 AGT CAG CCA C 11 11 00 100 
OPA-4 AAT CGG GCT G 07 04 03 57.14 
OPA-5 AGG GGT CTT G 13 11 02 84.61 
OPA-6 GGT CCC TGA C 05 05 00 100 
OPA-7 GAA ACG GGT G 10 09 01 90 
OPA-8 GTG ACG TAG G 09 08 01 88.88 
OPA-9 GGG TAA CGC C 09 09 00 100 
OPA-10 GTG ATC GCA G 08 06 02 75 
OPA-11 CAA TCG CCG T 17 17 00 100 
OPA-12 TCG GCG ATA G 08 08 00 100 
OPA-13 CAG CAC CCA C 08 05 03 62.5 
OPA-14 TCT GTC CTG G 09 09 00 100 
OPA-15 TTC CGA ACC C 09 09 00 100 
OPA-16 AGC CAG CGA A 07 06 01 85.71 
OPA-17 GAC CGC TTG T 08 06 02 75 
OPA-18 AGG TGA CCG T 06 02 04 33.33 
OPA-19 CAA ACG TCG G 14 14 00 100 
OPA-20 GTT GCG ATC C 12 11 01 91.66 
Total  180 158 22 84.81 
 
 
 
Table 2. The O. croesus matrix similarity based on the existence of DNA-RAPD analyzed using the UPGMA method 
 
 O. c (♂) O. c ♀ O. c (♂) O. c (♀) O. c (♂) O. c (♀) O. c (♂) O. c (♀) 
 20 m asl. 20 m asl. 200 m asl. 200 m asl. 400 m asl. 400 m asl. 800 m asl. 800 m asl. 
O. croesus ♂ 20 m asl. 1        
O. croesus ♀ 20 m asl. 0.650 1       
O. croesus ♂ 200 m asl. 0.763 0.600 1      
O. croesus ♀ 200 m asl. 0.644 0.650 0.761 1     
O. croesus ♂ 400 m asl. 0.689 0.672 0.739 0.678 1    
O. croesus ♀ 400 m asl. 0.733 0.606 0.772 0.689 0.839 1   
O. croesus ♂ 800 m asl. 0.639 0.656 0.744 0.639 0.761 0.833 1  
O. croesus ♀ 800 m asl. 0.650 0.642 0.659 0.653 0.653 0.678 0.656 1 
 
 
 

The results of the present study also revealed the similar 
patterns of O. croesus butterflies based on gender. Main 
cluster I, for example, was dominated by female butterflies 
collected from the far away hotspots at 20 m asl. and 800 m 
asl. Meanwhile, main cluster IV consisted of male 
butterflies coming from locations at 20 m asl. and 200 m 
asl. This clustering pattern based on gender was reported to 
have lower level of similarity compared to the clustering 
pattern based on the butterflies hotspots. The results of the 
analysis on molecular character of O. croesus showed high 
similarity between female and male butterflies collected at 
400 m asl. (Table 2). This finding has corroborated with 
those reported about studies of the influence of altitude on 
insect body size (Hawskin & Devries, 1996); altitude 
influences the genetic diversity and abundance of 
butterflies (Brehm et al, 2003; Brehm et al, 2007); the 
influence of altitude on the structure of butterfly 
community in India (Prakash et al., 2007); and the 
relationship between altitude and the diversity of flies 
(Lamkin et al 2011), by Hawskin and Devries (1996); 
Brehm et al. (2003); Brehm et al. (2007); Prakash et al. 

(2007); and Lamkin et al. (2011). 
The genetic diversity of butterflies can be analyzed 

based on their morphological character (Makhzuni et al. 
2013) or molecular data (Vijay et al. 2010; Tiple et al. 
2010; Zothansangi et al. 2011). PCR-RAPD molecular 
marker can be used to examine DNA polymorphism, gene 
flow between populations, evaluation of genetic population 
structure, genetic, and phylogenetic determinations 
(Zulfahmi, 2013). There are two factors that might 
influence the genetic diversity of O. croesus: internal 
factors and external factor. The internal factors include 
genetic variation based on the polymorphic value and 
RAPD analysis and gene recombination. Meanwhile, the 
external factors consist of the environment and the habitat 
carrying capacity including the hostplant provision. 
Temperature, rainfall, and altitudes are some environmental 
factors that can affect the O. croesus genetic diversity. The 
results of the analysis of habitat condition related to the 
hostplant provision and the number of O. croesus 
individuals in four research locations are summarized in 
Table 3. 
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Figure 3. Visualization of RAPD bands in 8 O. croesus individuals with primers OPA 1-20 
 
 
 

 
 
Figure 4.  The dendrogram of eight O. croesus individuals based on the DNA-RAPD pattern analyzed using the UPGMA method 
 

 
Table 3. Habitat condition and the number of O. croesus individuals in four research locations 
 

Location Altitude Dominant hostplant Number of plant per m2 Number of O. croesus 
individual per m2 

Settlement 20 m asl. Mussaenda  33 trees 16 
Ashoka  13 trees 8 

Plantation 200 m asl. Musaenda 21 trees 12 
Ashoka  11 trees 6 

Production Forest 400 m asl. Mussaenda  15 trees 9 
Ashoka  9 trees 4 
Gusale 15 trees 4 

Limited Conversion Forest 800 m asl. Mussaenda  9 trees 4 
Gusale 58 trees 4 

  

800 m asl. 

 20 m asl. 

200 m asl. 

800 m asl. 

400 m asl. 

400 m asl. 

200 m asl. 

 20 m asl. 

 

Simple matching coefficient 
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Mussaenda and Ashoka trees provide nutrients for O. 
croesus butterflies. These decorative plants can be found in 
low altitude areas around Mount Sibela. Besides 
Mussaenda and Ashoka, the O. croesus butterflies also feed 
on Gusale tree that can be found at around 800 m asl. that's 
why they mostly live in the lowlands due to the provision 
of food. This result is inconsistent with that of Mas'ud and 
Corebima (2016) who suggested that there was a 
relationship between the number of Mussaenda and Ashoka 
plants and the population density of O. croesus in Bacan 
island. Moreover, Collinge et al. (2003) also state that thick 
meadows are the perfect habitat for various butterflies. In 
addition, findings by Joshi and Sharma (2009) indicate a 
correlation between the complexity of a structural habitat, 
vegetation forms, and butterflies diversity. High vegetation 
diversity will result in high butterflies diversity (Van Vu, 
2011). The components of carrying capacities such as the 
provision of shelter, water, mineral, food, temperature, and 
moisture (Ruslan, 2009) also have an effect on the diversity 
of butterflies. Needless to say, the number of O. croesus 
individuals and the provision of hostplant are also affected 
by the geographical conditions including extreme altitudes 
and natural landscapes (Sullivan and Miller,2007). 
The genetic diversity (intraspecies) of O. croesus in Bacan 
island is high (84,81%) which suggests that O. croesus has 
genetic variation in one species. High genetic diversity is 
one of the sources of biodiversity that possesses 
complimentary vitality. Cluster between female O. croesus 
at 20 m asl. and 800 m asl. indicates high intraspecies 
diversity. It can be assumed that O. croesus butterflies 
migrated from high lands (800 m asl.) to low lands (20 m 
asl.) to find Mussaenda and Ashoka trees as their food 
(Table 3). The existence of butterflies in their ecological 
niche highly depends on the environment carrying capacity 
that is related to the provision of host plant and food plant. 
Host plant is a plant that provides nutrients for butterfly 
larvae while food plant is a plant that is feed on by the 
adult butterfly (Sodiq 2009; Shalihah et al. 2012). 

In conclusion, the results of the PCR-RAPD analysis 
suggested that the endemic butterflies of Bacan island O. 
croesus had high diversity with high polymorphism 
(84,81%). The highest level of similarity was observed in 
male and female O. croesus butterflies which come from an 
altitude spot of 400 m asl. The clustering pattern showed 
that the highest level similarity could also be found in 
species that live in the same altitude.  
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Abstract. Matius P, Tjwa SJM, Raharja M, Sapruddin, Noor S, Ruslim Y. 2018. Plant diversity in traditional fruit gardens (munaans) of 
Benuaq and Tunjung Dayaks tribes of West Kutai, East Kalimantan, Indonesia. Biodiversitas 19: 1280-1288. Munaans are traditional 
fruit gardens of the Benuaq and Tunjung Dayaks tribes of West Kutai, East Kalimantan, Indonesia. This research was conducted in 
Mencimai, a Benuaq Dayak’s village and Sekolaq Darat, a Tunjung Dayak’ village. A 1.0 ha plot of old munaan lou (lembo lamin) in 
Mencimai Village was used as representative study site for Benuaq ethnic traditional fruit garden and 1.0 ha plot of old munaan luuq 
(lembo lamin) in Sekolaq Darat Village as the study site representing Tunjung ethnic fruit gardens. Index of diversity was calculated by 
using Shannon-Wiener (H') formulae and evenness by using Pielou. Species richness in munaan lou of Mencimai was 174 and munaan 
luuq of Sekolaq Darat was 165, which consisted of trees and understorey plants such as tree saplings, seedlings, shrubs, herbs, bamboos, 
lianas, and rattans. Diversity indices (H’) for all stage of plants within both munaan lou of Mencimai and munaan luuq of Sekolaq Darat 
were 4.45 and 4.21 with the evenness (E) were 0.86 and 0.82 respectively. The common species of fruit trees found in munaan lou of 
Mencimai were Lansium domesticum, Durio zibethinus, Nephelium sp., Artocarpus integer, Nephelium lappaceum, Baccaurea 
macrocarpa, and Baccaurea edulis. Meanwhile, D. zibethinus, L. domesticum, Artocarpus anisophyllus, A. integer, Nephelium 
uncinatum, and B. macrocarpa were the common fruit species in munaan luuq of Sekolaq Darat. The munaans serve many functions in the 
local context, and the local communities mainly use them as sources of fruits, wood, medicinal plants, tools, and legality of land tenure.  

Keywords: Diversity indices, function, munaan, species richness, traditional fruit gardens 

INTRODUCTION 

Ecosystem services research suggests that the social 
benefits that agrosystems provide generally transcend those 
related to production services (Porter et al. 2009; Sandhu et 
al. 2010). Moreover, these age-old traditional systems are 
evolving rapidly in response to changes in the socio-
economic, socio-ecological and biophysical environment 
(Descheemaeker et al. 2016; Mellisse et al. 2017). 

Munaan, lembo or simpukng are the local terms for the 
traditional home gardens or fruit gardens belonging to the 
ethnics groups of Benuaq dan Tunjung Dayaks in West 
Kutai, East Kalimantan, Indonesia, which have many 
species of local plants including fruit species (Kojima et al. 
2017). Munaans have normally been maintained for 
hundreds of years and considered as the community forest 
gardens at West Kutai (Chaiphar et al. 2013, Apuy et al. 
2017). Forest gardens have been considered as one of the 
models of agroforestry in which the local people cultivate 
farmlands with trees such as durian (Durio zibethinus), 
rambutan (Nephelium lappaceum), langsat (Lansium 
domesticum), cempedak (Artocarpus champeden), ihau 
(Dimocarpus didyma), kapur (Dryobalanops aromatica) and 
meranti (Shorea sp.) (Mulyoutami et al. 2009; Winarni et 
al. 2018). In Central Kalimantan, similar types of 
traditional agroforestry gardens called Kaleka managed by 
local people have been reported Rahu et al. (2014). Various 
types of agroforestry practice have been applied by local 

community, for example, the integration between woody 
plant with livestock (Hartoyo et al. 2015). 

Munaan lou or munaan luuq is a traditional fruit garden 
located behind or on both sides of a longhouse (lamin) of 
Benuaq and Tunjung community. Benuaq Dayak tribe 
called a traditional fruit garden surrounding longhouse 
(lamin) "munaan lou" (lou means lamin), while Tunjung 
tribe called its "munaan luuq" (luuq means lamin). When 
Indonesia got its freedom from Dutch colonialism, the 
government encouraged the community to build smaller 
private houses. The local community cultivated many 
species of fruits behind and on both sides of their houses. 
These gardens are called lembo rumah (private house fruit 
gardens). Benuaq Dayak tribe called private house fruit 
garden “munaan belaai”, while Tunjung tribe called it 
“munaan dapeeq”. Local people make their farms (ladang) 
away from the village, for growing rice and other crops. 
They also grow many kinds of fruits around their hut, 
together with other natural plants. These fruit gardens are 
known as lembo ladang (farmland fruit gardens) or 
“munaan umaq” in both Benuaq and Tunjung language.  

The cultivation of munaan by the communities started 
with the cultivation of rice, vegetables, fruits, and wood by 
using traditional ecological knowledge system namely 
shifting cultivation, followed by the cultivation of the 
generation forest gardens which was preserved for the next 
generation (Apuy et al. 2017; Hutauruk et al. 2018). Wood 
product consumption will keep increasing. Thus, a method 
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to minimized wood harvesting from natural forest has 
become needful if the biodiversity of tropical forests is to 
be managed (Ruslim et al. 2016). 

Long time ago, the people trip from their villages to 
another village on foot. At the middle way of country road 
when they tired, they take a break and eating their supply 
such as fruits. Then, they grew fruit seeds surrounding the 
rest area. The fruits seed will grow become a fruit garden. 
This garden is known as lembo jalan/munaan perakaatn 
(country road fruit gardens). This garden is known as 
lembo jalan (country road fruit gardens) or “munaan 
perakaatn” in Benuaq and Tunjung languages. Forest 
gardens are considered a dynamic form of a social, 
economic, and ecological process of the traditional 
communities, in which the realization of forest gardens for 
the farmers living in the villages around the village will be 
a pattern created by the ideas of sustainable forest 
management (Kettle 2010). Local wisdom is the solution to 
environmental problems, as it consists of values to balance 
and preserve the environment (Fahrianoor et al. 2013). This 
research was focused on munaan lou (Benuaq) and munaan 
luuq (Tunjung). 

MATERIALS AND METHODS 

Study area 
The study was conducted in two villages of West Kutai 

(Kutai Barat) District, East Kalimantan, Indonesia, namely 
Mencimai Village (Benuaq Dayak ethnic) in Barong 
Tongkok Subdistrict and Sekolaq Darat Village in Sekolaq 
Darat Subdistrict (Tanjung Dayak ethnic) (Figure 1). These 
villages still have relatively well-maintained munaans and 

other external support for their agricultural activities. The 
reasons behind choosing these villages were: (i) Benuaq 
and Tunjung ethnics practice the same culture to grow 
various of fruit species around their long house (lou in 
Benuaq language and luuq in Tunjung language for long 
house term), (ii) they have a long history of protecting and 
managing primary forest based on their cultural wisdom, 
(iii) old munaan lou (lembo lamin) in Mencimai Village 
was used as a representative of Benuaq ethnic traditional 
fruit garden and old munaan luuq in Sekolaq Darat Village 
was used as a representative of Tunjung ethnic fruit 
gardens, and (iv) both villages have been differenties 
floristic composition and species diversity of two munaan 
surrounding the long house in both Dayak tribes. 

Data collection 
The plants of both of munaans were divided into 3 

growth stages, trees, saplings and seedlings for data 
collection. Trees mean all plants with diameter at breast 
height (dbh) of 10 cm and more and were recorded from 
100 subplots, each of 10 m x 10 m size. Saplings stage 
means plants with 10 cm or less diameter breast height 
(dbh) which includes saplings of trees, shrubs, lianas, 
bamboo, palm/rattan with height more than 1 m. Sapling 
stage was recorded from 100 subplots, each of 5 m × 5 m 
size. Seedling stage included all plants with 1.5 m or less 
height. Seedling stage was recorded from a total of 100 
subplots, each of 2 m × 2 m size. Both sapling and seedling 
stages belonged to understorey vegetation. 

The importance value index (IVI) was calculated using 
the following formula (Curtis and Cottam 1964; Muller-
Dombois 1984; Wijana 2014): 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Study locations at Mencimai and Sekolaq Darat Villages (□), West Kutai District, East Kalimantan, Indonesia 
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IVI = RD (%) + RF (%) + Rdo (%) 
 
Where : 

 

 
 

 

 

 
The diversity within both communities was calculated 

with Shannon-Wiener index using the following formula 
(Magurran 1988): 

 
H’ = ∑ (pi) (log 2 pi) 
 
Where:  
H'  : Shannon-Wiener index of diversity 
pi  : Proportion of the total sample belonging to i-th 

species 
 

E =  (Pielou 1966) 
 
In which: E (evenness) = proportion of observed 

diversity index to maximum diversity index. 
The similarity between plant communities of both 

munaans was calculated using Soerensen’s Similarity 
formula (ISS) following Mueller-Dombois and Ellenberg 
(1984), as shown below: 

 

ISS =   100 
 
Where:  
c  : Number of similar species in both munaan  
A : Total number of species in munaan lou of 

Mencimai 
B  : Total number of species in munaan luuq of 

Sekolaq Darat 

RESULTS AND DISCUSSION 

Species richness and floristic composition 
Total number of species belonging to all of the three 

plant stages in munaan lou of Mencimai was 174, and in 
munaan luuq of Sekolaq Darat was 165, which consisted of 
trees and understorey plants such as tree saplings and 
seedlings, shrubs, herbs, bamboos, lianas, and rattans. The 
observed species richness in both these munaans is higher 
than the reported species richness in home gardens from 
several other areas in the world, such as Eastern Himalayan 
Region of Northwest India (an average of 78 species per 
home garden) (Barbhuiya et al. 2016), Guatemala with an 
average 54 species (Marquez and Schwartz, 2008) and 
Benin with an average of 10 species per home garden 
(Salako et al. 2014). 

The tree composition of both sample plots consisted of 
fruit trees and non-fruit trees species. Total tree species 
richness in both sample plots was 49 species. The fruit 
trees of munaan lou in Mencimai consisted of 33 species, 
while in munaan luuq of Sekolaq Darat 23 species were 
found. Non-fruit trees in munaan lou of Mencimai were 16 
species, and in munaan luuq of Sekolaq Darat were 26 
species. Non-fruit trees species present in both munaans are 
from non-intensive cultivation of munaans which gave the 
chance for natural plants of non-fruit trees to grow along 
with the fruit trees. These non-fruit trees are also the source 
of local people’s various needs, such as building materials, 
firewood and tools.  

Table 1 shows that both munaans also contain various 
understorey forms such as tree saplings, tree seedlings, 
shrubs, bamboo, palm, rattan, herbs, and lianas. The 
understorey species richness in munaan lou of Mencimai 
consisted of 108 species for saplings stage and 100 species 
for seedling stage, while in munaan luuq of Sekolaq Darat 
98 species of sapling stage and 104 species of seedling 
stage were observed. All plants of the understorey 
vegetation (sapling and seedling stages) were from natural 
regeneration of trees of fruit and natural non-fruit species, 
shrubs, herbs, liana, rattan, and bamboo. Similar result was 
also reported by Tynsong and Tiwari (2010). 

Table 2 showed the 10 common species in both 
munaans, based on their important value index (IVI). Out 
of the 10 most common trees in munaan lou of Mencimai, 
9 are fruit species and only one is non-fruit trees (Schima 
wallichii) that is growing naturally. S. wallichii is a pioneer 
species which can reach over 100 cm of diameter at breast 
height (dbh), and 47 m of total height of which 25 m is 
branchless (Slik 2013). The local people use this species as 
source of building materials and tools. Common plants of 
munaan luuq Sekolaq Darat consist of six species of fruit 
trees and four species of non-fruit trees (Monocarpia 
kalimantanensis, Ficus benjamina, Canarium decumanum 
and Koompassia excelsa). C. decumanum and K. excelsa 
are giant sized non-fruit tree species reaching about 150 cm 
dbh and 60 m of total height, and are maintained as honey 
bee trees (Slik, 2013). The highest IVI in both munaans is 
recorded for L. domesticum (lisaat, langsat), which is 
followed by D. zibethinus (kalaakng, durian). 

In the sapling stages of munaan lou of Mencimai, fruit 
species were less common. There were only 4 fruit species 
among 10 common species. They were Nephelium sp, 
Artocarpus integer, Artocarpus anisophyllus and D. 
zibethinus. Non-fruit species consisted of five tree saplings 
(Peronema canescens, Timonius lasianthoides, Hevea 
brasiliensis, Pithecellobium jiringa, and Syzygium 
polyanthum) and one shrub (Coffea robusta). In munaan 
luuq of Tunjung tribe in Sekolaq Darat, only L. domesticum 
was recorded as common fruit tree species in sapling stage, 
while the other nine species were shrubs (Fordia sp., 
Lepisanthes amoena, Tarrena sp.), non-fruit tree saplings 
(H. brasiliensis, and P. canescens), bamboo (Bambusa sp.), 
herb (Alpinia sp.), rattan (Daemonorops grandis), and liana 
(Friesodielsia sp.) (Table 3). 
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Table 1. Number of tree species in the munaans of Benuaq and Tunjung tribes of West Kutai, East Kalimantan, Indonesia 
 

Growth stages 
Sample size 

( ha) 
Number of species 

Fruit Non-fruit Total 
Munaan lou * (Mencimai)  
Trees 1.00 33 16 49 
Sapling stage 0.25 17 91 108 
Seedling stage 0.04 13 87 100 
     
Munaan luuq * (Sekolaq Darat)  
Trees 1.00 23 26 49 
Sapling stage 0.25 14 84 98 
Seedling stage 0.04 12 92 104 
Note: *Lou ( Benuaq language) and Luuq (Tunjung language) mean a long traditional house 
 

 
Table 2. List of 10 most common tree species based on important value index (IVI) in munaans of Benuaq and Tunjung tribes of West 
Kutai, East Kalimantan, Indonesia 
 

Munaan lou (Mencimai) Fruit/non-fruit  Munaan luuq (Sekolaq Darat) Fruit/non-fruit  

Lansium domesticum  Fruit Lansium domesticum  Fruit 
Durio zibethinus  Fruit Durio zibethinus  Fruit 
Nephelium sp.  Fruit Artocarpus anisophyllus  Fruit 
Artocarpus integer  Fruit Artocarpus integer  Fruit 
Mangifera odorata  Fruit Nephelium uncinatum  Fruit 
Cocos nucifera Fruit Monocarpia kalimantanensis  Non fruit 
Nephelium lappaceum  Fruit Ficus benjamina  Non fruit 
Baccaurea macrocarpa  Fruit Canarium decumanum  Non fruit 
Schima wallichii  Non fruit Koompassia excelsa  Non fruit 
Baccaurea edulis  Fruit Baccauea macrocarpa  Fruit 
 
 

 
Table 3. List of 10 common species in sapling stage in munaans of Benuaq and Tunjung tribes of West Kutai, East Kalimantan, 
Indonesia 
 
IVI 
rank 

Munaan lou (Mencimai) Munaan luuq (Sekolaq Darat) 
Species Lifeform Species Lifeform 

1 Coffea robusta  Shrub Bambusa sp.  Bamboo 
2 Peronema canescens  Tree sapling Fordia sp.  Shrub 
3 Timonius lasianthoides  Tree sapling Alpinia sp. Herb 
4 Pithecellobium jiringa  Tree sapling Lepisanthes amoena  Shrub 
5 Nephelium sp.  Tree sapling Tarrena sp.  Tree sapling 
6 Artocarpus integer  Tree sapling Lansium domesticum Tree sapling 
7 Artocarpus anisophyllus Tree sapling Hevea brasiliensis   Tree sapling 
8 Hevea brasiliensis Tree sapling Peronema canescens Tree sapling 
9 Eugenia polyantha Tree sapling Daemonorops grandis  Rattan 
10 Durio zibethinus Tree sapling Friesodielsia sp.  Liana 
 

 
 

Table 4. List of 10 common species in seedling stages in munaans of Benuaq and Tunjung tribes of West Kutai, East Kalimantan, 
Indonesia 
 
IVI 
rank 

Munaan lou (Mencimai) Munaan luuq (Sekolaq Darat) 
Species Lifeform Species Lifeform 

1 Paspalum conjugatum  Herb Lansium domesticum  Tree seedling 
2 Rubiaceae  Tree seedling Philodendron sp. Herb 
3 Tetracera indica  Liana Connarus semidecandrus  Liana 
4 Scleria ciliaris Herb Leptaspis urceolata  Herb 
5 Panicum trigonum Herb Leptonychia heteroclita  Shrub 
6 Lansium domesticum Tree seedling Tetracera asiatica  Liana 
7 Caesalpinia sappan Tree seedling Paspalum conjugatum  Herb 
8 Ageratum conyzoides Herb Lepisanthes amoena  Shrub 
9 Leptaspis urceolata Herb Peronema canescens  Tree seedling 
10 Nephrolepis biserrata   Herb/fern Fordia sp. Shrub 
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Seedling stages of both munaans showed that most 
common species were non-fruit species, except the 
seedlings of L. domesticum (lisaat). They consist of herbs 
(Paspalum conjugatum, Scleria ciliaris, Panicum trigonum, 
Leptaspis urceolata and Nephrolepis biserrata), non-fruit 
tree species (Rubiaceae, Caesalpinia sappan) and liana 
(Tetracera indica) in munaan lou of Mencimai (Benuaq 
tribe). Munaan luuq of Sekolaq Darat (Tunjung tribe) 
consisted of herbs (Philodendron sp., L. urceolata, P. 
conjugatum), shrubs (Leptonychia heteroclita, L. amoena, 
and Fordia sp.), liana (Connarus semidecandrus, and 
Tetracera asiatica) and non-fruit tree species (P. 
canescens) (Table 4). 

Figures 2 and 3 indicates the various growth form-wise 
distribution of species in sapling and seedling stages 
respectively, in munaans. In both munaans, highest number 
of saplings belonged to tree species. In munaan lou of 
Mencimai, shrub saplings showed second highest species 
richness followed by liana, herbs, and rattan. But, in 
munaan luuq of Sekolaq Darat, second highest species 
richness was of liana forms which are followed by shrubs, 
herbs, rattan, and bamboo. 

With regard to seedling stage, the highest species 
richness in munaan lou Menicimai was observed for 
shrubs, followed by trees, herbs, and liana. In munaan luuq 
of Sekolaq Darat, the highest species richness was for tree 
seedlings, followed by liana, herbs, shrub, rattan, and 
bamboo (Figure 3). 

Graphical analysis of relationship between diameter and 
number of species showed a typical J-reverse shape (Figure 
4). The highest number of species were found in diameter 
class of 10.0-19.9 cm, and further, the species richness 
gradually decreased as the diameter increased.  

Number of species with diameter less than 50 cm were 
87.1% in munaan lou of Mencimai and 85.5% in munaan 
luuq of Sekolaq Darat. About 15 species reached diameter 
over 50 cm. They are A. anisophyllus, A. integer, Durio 
kutejensis, Durio oxleyanus, D. zibethinus, Eugenia sp., 
Ficus sp., Mangifera foetida, Mangifera pajang, Mangifera 
similis, Nephelium mutabile, Nephelium sp., Parkia 
speciosa, Santiria apiculata and S. wallichii. 

Plant diversity and similarity 
Diversity indices (H’) for all stages of plants in both 

munaan lou of Mencimai and munaan luuq of Sekolaq 
Darat were 4.45 and 4.21 with the evenness (E) of 0.86 and 
0.82 respectively. Tree diversity in both fruit gardens as 
indicated by Shannon -Wiener index (H’) H’ is 3.18 in 
munaan lou Mencimai and 3.04 in munaan luuq of Sekolaq 
Darat. Shannon-Wiener indices (H’) within munaan lou of 
Mencimai and munaan luuq of Sekolaq Darat for sapling 
stage were 4.02 and 3.85 with the evenness value of 0.86 
and 0.84 respectively. In seedling stage, H’ within munaan 
lou of Mencimai and munaan luuq of Sekolaq Darat were 
3.93 and 3.76 with the evenness of 0.85 and 0.81 
respectively. Similar result was for indigenous home 
gardens of Eastern Himalayan Region of Mizoram, 
Northeast India with species diversity indices of 4.76, 4.39, 
and 4.58 for trees, shrubs, and herbs, respectively 
(Barbhuiya et al. 2016). Similarity between both munaans 

as indicated by Soerensen similarity index (ISS) for all 
stages of vegetation (trees and understorey) was 44.8%, or 
dissimilarity was 55.2%, with the similarity of 76 species. 
Soerensen similarity index (ISS) for trees stage was 40.8%, 
or dissimilarity was 59.2%, with the similarity of 20 species.  
 

 
Figure 2. Distribution of species based on growth form of 
saplings in munaans of Benuaq and Tunjung ethnics of West 
Kutai, East Kalimantan, Indonesia 
 
  

 
Figure 3. Distribution of species based on growth form of 
seedlings in munaan of Benuaq and Tunjung ethnics of West 
Kutai, East Kalimantan  
 

 

 
 

Figure 4. Species distribution based on diameter of plants in 
munaans of Benuaq and Tunjung ethnics of West Kutai, East 
Kalimantan, Indonesia 
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In sapling stage, similarity between both munaans was 
43.7% or dissimilarity was 56.3% with 45 similar species, 
while in seedling stage, similarity was 43.3% or 
dissimilarity was 56.7% and the number of similar species 
was 44. In the indigenous home gardens in the Eastern 
Himalayan Region of Mizoram, Northeast India, the 
species similarity within each life form were 50% for trees, 
38% for shrubs, and 49% for herbs (Barbhuiya et al. 2016). 

Stand density, diameter and height distribution 
Stand density in munaan lou (Mencimai) consisted of 

257 tree stage individuals, 3367 sapling stage individuals 
and 36491 seedling stage individuals per ha, while munaan 
luuq (Sekolaq Darat) consisted of 252 individuals of trees, 
6744 of saplings and 36500 seedlings per ha.  

Both munaan lou in Mencimai (Benuaq) and munaan 
luuq in Sekolaq Darat (Tunjung) showed typical reversed-J 
shaped graph when number of plants is plotted against 
different diameter classes (Figure 4). This diameter 
distribution shape is similar to that of natural primary 
forest. This is a typical feature for uneven-aged and multi-
species stands in tropical rainforests as studied by Kang et 
al. (2014), Nguyen et al. (2014), De Lima et al. (2016) and 
also in logged forest (Kuswandi and Murdjoko 2015). 

The highest density of trees was in the diameter class of 
10.0-to 19.9 cm, and it further decreased gradually with the 
increase of diameter. In munaan lou of Mencimai, 41.4% 
plants belonged to diameter class of 10.0-19.9 cm and in 
munaan luuq of Sekolaq Darat, this figure was 41%. 92.2% 
plants in munaan lou of Mencimai and 90.4% in munaan 
luuq of Sekolaq Darat were of less than 50cm diameter. 
Plants of more than 50cm diameter were only 7.8% in 
munaan lou of Mencimai and 9.6% in munaan luuq of 
Sekolaq Darat (Figure 5). 

Figure 6 shows the height class-wise distribution of 
plants in munaans of Benuaq and Tunjung tribes. In both 
munaans, the highest number of plants were recorded in the 
height class of 10 -19.9 m (stratum C) and this is followed 
respectively by 20 to 29.9 m (stratum B), < 10 m (stratum 
D) and 30 m and more (stratum A). The stratum A (top 
storey) was occupied by trees like D. zibethinus, M. 
pajang, M. similis, K. excelsa, C. decumanum, P. speciosa, 
Ficus albipila, Ficus sp., Dillenia sp., A. integer and 
Nephelium sp. This means that the munaans have a 
multilayered structure consisting of A strata (30 m and 
more), B strata (20 to 30 m), C strata (10-20 m) and forest 
floor strata (understoreid strata), which is similar to the 
structure of natural tropical forests (Figure 7). Similar 
structure is also found in the traditional home gardens of 
Batticaloa District, Sri Lanka (Krishnal and Weerahewa 
2014). 

Munaan functions and plant utilization 
Munaans of Benuaq and Tunjung tribes serve multiple 

functions for the local communities, such as legality of land 
tenure, source of various local fruits, reserves for raw 
materials for building construction, tools, medicine, ritual 
ceremonies, firewood and others (Table 6). Therefore, they 
are comparable to home gardens of Central Vietnam 
(Vlkova et al. 2011) and Amazonian home gardens of 

Ecuador (Caballero-Serano et al. 2016) which are also 
multifunctional, such as sources of food, medicine, 
firewood, and used for various other purposes. In home-
gardens of Dumbara (Knuckles) Conservation Area, Sri 
Lanka the local community use trees with big dbh for 
timber purposes (Dissanayake and Hettiarachchi 2013). 

  
Table 5. Tree, sapling and seedling stage density in 100-year-old 
munaans in Benuaq and Tunjung tribes of West Kutai, East 
Kalimantan, Indonesia 
 

Munaan and stage Number of plants ha-1 

 
Munaan lou (Mencimai) 
Trees stage 257 
Sapling stage 3367 
Seedling stage 36491 
 
Munaan luuq (Sekolaq Darat) 
Trees stage 252 
Sapling stage 6744 
Seedling stage 36500 
 
 

 
 
Figure 5. Number of trees of different diameter classes in 
munaans of Benuaq and Tunjung tribes of West Kutai, East 
Kalimantan, Indonesia 

 
 

 
Figure 6. Height class-wise distribution of trees in munaan of 
Benuaq and Tunjung ethnics of West Kutai, East Kalimantan, 
Indonesia 
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Figure 7. The multilayered vertical structure of munaans of West Kutai, East Kalimantan, Indonesia which is similar to natural forests. 
A. Munaan lou of Mencimai; B. Munaan luuq of Sekolaq Darat 
 
 
 
 
 
 

 
Many species, both fruit yielding and non-fruit yielding, 

can be used as building materials, tools and firewood. D. 
zibethinus, Nephelium sp., A. integer, D. oxleyanus, M. 
pajang, M. similis are the main fruit species that can also 
be used as building component and tools. S. wallichii, S. 
apiculata, and Cinnamomum parthenoxylon are the non-
fruit tree species that are maintained by local community as 
sources of building stuff.  

Local community also uses many plant species of 
munaans as medicines and in ritual ceremonies. For 
example, inner bark of L. domesticum is used for curing 
malarial disease while inner bark of Aleurites moluccana is 
used for curing typhus. Young leaves, fruits and 
inflorescences of Cocos nucifera and Areca catechu are 
also used for ritual events. Knema spp. are used for making 
redeeming statues. Many species of shrubs, herbs, bamboo, 
palm, and lianas such as Galearia fulva, Alpinia sp., 
Bambusa spp., Tetracera spp., N. biserrata, L. urceolata, 
Calamus spp. and D. grandis are also used for ritual rite.   

 

Table 6. Number of species belonging to different utilization 
categories in munaans of Benuaq and Tunjung ethnics in West 
Kutai, East Kalimantan, Indonesia 
 

Plant utilization 

Number of species 
Munaan lou 
Mencimai 

Munaan luuq 
Sekolaq Darat 

Trees 
Saplings and 

seedlings 
stage 

Trees 
Saplings and 

seedlings 
stage 

     
Food 33 33 23 34 
Firewood 28 15 10 17 
Building materials 21 18 31 38 
Medicine 10 12 6 34 
Tools 12 14 17 32 
Ritual ceremony 6 9 3 11 
Honey tree 1 - 2 4 
Others 4 13 5 7 
     
 

 
 

A B 
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The common fruit yielding trees in munaan lou of 
Mencimai was L. domesticum, D. zibethinus, Nephelium 
sp., A. integer, Baccaurea macrocarpa, Baccaurea edulis, 
C. nucifera, N. lappaceum, Mangifera odorata and the 
common non-fruit tree was S. wallichii (Figure 8). In 
munaan luuq of Sekolaq Darat, the common fruit trees 
were L. domesticum, D. zibethinus, A. anisophyllus, A. 
integer, Nephelium uncinatum and B. macrocarpa while M. 
kalimantanensis, F. benjamina, C. decumanum and K. 
excelsa were the common non-fruit trees. The fruit yielding 
species commonly present in both munaans were L. 
domesticum, D. zibethinus, A. integer and B. macrocarpa. 
According to Joshi et al. ( 2004) after a year of harvest, the 
rice fields are later allowed, with enrichment planting of 
fruit trees and rattan, to develop into simpukng (forest 
gardens) that are an important resource for the Benuaq 

Dayak for collecting fruits, medicines, timber, firewood, 
rattan and wildlife. The utilization of forest gardens has 
been an inherited practice by the sub-ethnic groups of 
Benuaq Dayak, Tunjung Dayak, and Kutai. These forest 
gardens, which can be developed in over-logged forest 
areas, support plants that are both suitable for the ecology 
of tropical forests in Kalimantan and have agroforestry 
business potential (Chaiphar et al. 2013). 

In both traditional gardens, many of understorey non-
tree species are used as medicinal plants and they have 
important role in curing the diseases in this region which 
still lack health facilities for a long time. Munaans are also 
suitable and good sites for the conservation of both 
medicinal and other plants, similar to the traditional 
gardens of India which act as conservation sites of 
medicinal plants (Bajpai et al. 2013). 

 
 
 
 
 
 

   
 

   
 

   
 
Figure 8. Common fruit yielding trees of munaans: A. Pasi (Baccaurea macrocarpa), B. Durian (Durio zibethinus) C. Ruiq (Baccaurea 
edulis) D. Asam kuini (Mangifera odorata), E. Asam putar (Mangifera torquenda) F. Langsat (Lansium domesticum), G. Lai (Durio 
kutejensis), H. Semayap (Nephelium ramboutan-ake), I. Rambutan (Nephelium lappaceum) 
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Fruit species like durian (Durio zibethinus), lai (Durio 
kutejensis), ketungan (Durio oxleyanus), asam empelam 
(Mangifera indica), asam putar (Mangifera torquenda), 
asam kuini (Mangifera odorata), asam payang (Mangifera 
pajang), kapul (Baccaurea macrocarpa), ruiq (Baccaurea 
edulis), keliwatn (Baccaurea pyriformis), pepuaatn 
(Artocarpus anisophyllus), cempedak (Artocarpus integer), 
and several species of rambutans (Nephelium spp.) also 
serve as sources of economic income for local 
communities, besides serving as sources of food. Thus, the 
munaans contribute also to economic sustainability, in 
addition to subsistence needs of the local people. 
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Abstract. Arthur-McKenzie J, Ansari AA. 2018. Short Communication: The diversity of intestinal parasitic helminths in children of 
Silvercity, Linden, Guyana. Biodiversitas 19: 1289-1293. This study was conducted in the Silvercity area, Linden, Guyana and 
endeavored to determine the prevalence of intestinal parasitic helminths in children aged 5-15 and the level of awareness of these 
parasitic infections among community members. Questionnaires were distributed to 30 households and 26 children which accounts for 
40% of the population aged 5-15 using a simple random sampling method and tested during the months of February-April 2017. The 
fecal samples were collected from 26 children selected randomly and were analyzed using wet mount and formalin-ether sedimentation 
method. The highest age was 15 and the lowest 5, the mean age was 8. The results showed that there was a 57.6% (15/26) prevalence of 
intestinal parasitic helminths among children aged 5-15 within the Silvercity area. Among the parasites found, Ascaris lumbricoides was 
the most prevalent (38%; 10/26) followed by Enterobius vermicularis (19%; 5/26), Trichuris trichiura (15%; 4/26) and hookworm 
(3.8%; 1/26). Study also found that the level of awareness of transmission among community members was 40%.  

Keywords: Age, children, diagnosis, helminths, Linden  

INTRODUCTION  

Parasitic helminths are the most common infectious 
agents of humans in developing countries and usually 
belong to the Phyla Nematoda, Cestoda, and Trematoda. 
Among these, Phylum Nematoda contains the most 
common intestinal parasitic helminths worldwide. These 
include the soil-transmitted helminths along with 
Enterobius vermicularis (Hotez et al. 2008). The soil-
transmitted helminths alone account for 2 billion infections 
worldwide of which 880 million are children (WHO, 
2017). Infections are especially prevalent within the 
tropical and sub-tropical developing countries of South and 
Central America, Asia and Africa (Baron, 1996). A 
tremendous amount of research has been conducted in 
these areas on the prevalence of intestinal helminths, 
particularly in Africa and Asia and a few Latin American 
and Caribbean countries. It was found that prevalence in 
most of the Latin American and Caribbean countries is 
high and 35.4 million school-age children are estimated to 
be at risk of infections by soil-transmitted helminths in 
these areas (Saboya et al. 2013). Prevalence rates for these 
countries include Columbia, in which there is an 84% 
prevalence (Salcedos-Cifuentes et al. 2012), 89.6% in 
Argentina (Gamboa et al. 2014), 93 % in Nicaragua 
(Munoz-Antoli et al. 2014) and 43.5% in Guyana (Lindo et 
al. 2002). The sole study conducted in Guyana is not 
enough to make an estimate on the national prevalence and 
it is, therefore, evident that further studies should be 
conducted since the prevalence rates for Guyana is 

expected to be high based on its climate and developing 
status (Saboya et al. 2013).  

The species-specific prevalence rates for soil-
transmitted helminths in Latin America and the Caribbean 
sees Trichuris trichiura being the most prevalent with an 
overall prevalence of 19%, and approximately 100 million 
persons are infected. This is followed closely by Ascaris 
with a prevalence of 16% infecting more than 80 million 
people and Hookworms with the lowest prevalence rate at 
10% infecting about 50 million people (PAHO, 2007). The 
morbidity caused intestinal helminths is related to worm 
intensity and the global burden of its diseases exceeds that 
of malaria and tuberculosis (Hotez et al. 2008). Untreated 
helminth infections can result in chronic inflammatory 
disorders that cause both concurrent and delayed onset 
pathology in the affected host (Budke et al. 2005; King, 
2007). These infections often lead to insidious persistent 
health conditions such as anemia, stunted growth and 
reduced physical fitness, under-nutrition, fatigue and 
impaired cognitive development (Bethony et al. 2006). The 
subtle appearance of these morbidities causes them to be 
often overlooked and neglected. However, due to the rising 
prevalence of helminth infections in rural areas where 
health impairment is greatly magnified in terms of 
deterioration of individual patient performance status, these 
diseases are of great importance (King et al. 2008). 
Epidemiological research shows that the frequency and 
intensity of helminth infection rise in childhood and 
declines in adulthood.  

Infections have been linked to social and economic 
development. Prevalence is often related to factors such as 
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poverty, overcrowding, poor environmental conditions, 
lack of awareness and access to safe water (Mehraj et al. 
2008). Of these factors, poverty is the most commonly 
associated with infection. According to Hotez (2008), 
helminthic infections are common in people who live on 
less than US $2 per day in Asia, Sub-Saharan Africa, and 
the Americas. 

This study aimed to determine the prevalence of 
intestinal parasitic helminths in children and to determine 
the level of awareness about the transmission of these 
infections among community members. 

MATERIALS AND METHODS 

Research site 
Linden (study area) is the second largest town in 

Guyana after Georgetown, and capital of the Upper 
Demerara-Berbice region, located at 6°0′0″N 58°18′0″W, 
altitude 48 meters (160 feet). It was declared as a town in 
1970, and includes the communities of MacKenzie and 
Wismar. It lies on the Demerara River and has a population 
of roughly 29,298 (Census, 2002). There are regular 
deworming programs for children at school regulated by 
Ministry of Health through WHO and Pan American 
Health Organization. Various health regulated awareness 
programs are conducted sometimes on sanitation practices 
and provision of safe drinking water. But still, there are 
shortcoming in follow-up and continuous monitoring. 

Questionnaires and intestinal helminths collection 
This study was conducted during January-April, 2017. 

Phase one which included the distribution of questionnaires 
and the collection of stool samples was conducted during 
the 23rd to 29th of January 2017 in Silvercity, Linden. 
Members from thirty households with children aged 5-15 
years were asked to complete a questionnaire in order to 
determine their level of awareness of the transmission of 
intestinal parasites and to collect the baseline data 
(Questions were on awareness of helminthiasis 
transmission, personal hygiene, sanitation and safe dirking 
water). Twenty-six children aged 5-15 years were then 
randomly for screening of intestinal helminths. Signed 
consent was received from each parent for the collection of 
samples. Each container was labeled with the age and 
gender of the child. Collected samples were preserved in 
10% formalin and stored in a dry, cool place until they 
were ready to be transported to the University of Guyana 
laboratory for screening. Two methods were employed for 
the laboratory detection of intestinal helminths i.e. the 
formalin-ether sedimentation method and the fecal wet 
mount method. Both methods were done in triplicates to 
ensure accuracy and consistency.  

The laboratory procedure of sample collection 
The laboratory procedure for the formalin-ether 

sedimentation method as directed by the CDC (2013). The 
laboratory procedure is as follows: Stool samples were 
collected in sterile cups. An applicator stick was used to 
add 1 gram of the sample to 10 ml of formalin in a 

centrifuge tube and stirred to form a suspension. The 
suspension was then strained through two layers of wet 
surgical gauze into a different centrifuge tube and the 
gauze discarded. 10 ml of 10% formalin was added to the 
suspension to make it 20 mL. 3.0 mL of ethyl acetate was 
then added to the tube and be covered with a plastic cover 
and shaken vigorously for 10 sec. The tube was then placed 
in the centrifuge and centrifuged for 1000 x g for 2 
minutes. The tube was then removed from the centrifuge 
and 4 layers were observed. The debris was gently 
loosened with an applicator stick and the top three layers 
were poured off by inverting the tube for 5 seconds. A drop 
of saline was then added to the fluid sediment using a 
pipette and mixed to form a suspension. A drop of the 
suspension was placed on a glass slide and gently spread 
into a thin film. A drop of iodine was then added to the thin 
film on the slide and heat fixed. The slide was left to cool 
for 5 minutes and after cooling, it was observed under the 
microscope using the 10x and 40x objective lens. 

Data analysis 
During observation, pictures were taken of helminths 

identified along with size recordings which were be used to 
identify them using lab manuals (CDS, 2013). Data was 
analyzed using the Fisher Exact test and Chi-square test 
(Microsoft Excel 2016). 

RESULTS AND DISCUSSION 

The results in the present research showed that 15 out 
of 26 children tested had intestinal helminthiasis. Male 
infections rates were slightly higher (n = 8) than females (n 
= 7) however Fisher Exact test (p=0.4527) revealed that 
there was no statistical significance (Table 1). The 
helminths identified using the identification keys (CDS, 
2013) are presented in Table 2. These are fertilized, 
unfertilized eggs and larval stages. Ascaris lumbricoides 
accounted for 10 cases out of the total infections followed 
by E. vermicularis (5 cases), Trichuris trichiura (4 cases) 
and hookworm (1 case) which is statistically significant 
(p=0.0384). These are the most prevalent species in 
Guyana (Figure 3).  

 
Table 1. Frequency of helminthiasis according to gender within 
the study area 
 

Gender  Number infected 

Male 8 
Female  7 
Total  15 
 
 
Table 3. Distribution of double infections among males and 
females 
 

Gender Number infected with double infection  

Male 3 
Female 2 
Total 5 
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Table 2. Helminths identified (key features) 
 

Helminth type and distinguishing features Illustration 

 
Ascaris lumbricoides  
 
Fertilized egg. Thick round or ovoidal shell, yellow or 
brown. Mammillated albuminous coat on outer shell that 
may be lost. Decorticated eggs have colorless shell with 
grey or black internal material. 45-70 um x 35-75 um.  
 
 
 
 
 
 
 

 
 

 ( 400x) 
Unfertilized egg. Elongated. Maybe triangular, kidney-
shaped or other forms. Brown; internal mass of irregular 
globules that fits shell. Mammillated covering often 
damaged or missing. 85-95x 35-45 um.   
 

 (400x)  
Trichuris trichiura  
 
Elongated, barrel-shaped with a polar plug at each end. 
Yellow or brown. 49-65 um x 20-29 um.  
 

 

 (400x)  
Enterobius vermicularis  
 
Smooth, thin shell that is elongated and asymmetrical 
with one side flattened another side convex. Colorless. 
50-60 x20-32 um.  

 

 (400x) 
Hookworm: Rhabditiform larvae 
 
Inconspicuous genital primordium that is small and 
located near the pointed tail. Buccal cavity as long as 
width of body. 200-300 um x 14-17 um. 

 

 (400x) 
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The gender distinction showed that frequency in male 

was slightly higher (n = 3) than females (n = 2) as seen in 
Table 3 and Figure 1, but Fisher Exact test revealed that 
there was no statistical significance (p=0.6348). It was also 
observed that 5 of the children tested had a double 
infection. The combination of A. lumbricoides and E. 
vermicularis was the most prevalent accounting with 3 
cases. Other double parasitism included A. lumbricoides + 
T. trichiura and T. trichiura+ hookworm which was similar 
with 1 case for each (Figure 2). 

The difference in the frequency among different age 
groups in the study population (Figure 3) which was found 
to be the statistically not significant (p=0.5981). Younger 
age group (5-7) had the highest prevalence (n = 8) followed 
by the 8-10 (n = 4) and 11-15 (n = 3). Questionnaire data 
revealed that only 40% (18 out of 30) of the community 
members interviewed were aware of intestinal 
helminthiasis. 

This cross sectional study was the first of its kind to be 
conducted in the Silvercity area, Linden and the second to 
be conducted in Guyana to the knowledge of the 
researcher. The results showed that 15/26 (57.6%) of the 
children tested were infected with at least one helminths 
and 5/26 (19%) had double infections. This is similar to 
results obtained from a similar study conducted by Lindo et 
al. 2002. In this study, A. lumbricoides was found to be the 
most prevalent parasite. Despite the fact that male 
prevalence rates were slightly higher than females, there 
was no statistical significance. The same trend was 
observed for double infections. This was expected due to 
the likelihood of both males and females being engaged in 
the same activities and exposed to the same risk factors. 
Studies conducted by Lindo et al. (2002) and Wrights et al. 
(2013) produced similar results.  

Statistical analysis showed that the prevalence of each 
of the different helminths across the study population is 
significantly different (p=0.0384). A. lumbricoides was the 
most prevalent followed by E. vermicularis, T. trichiura 
and hookworm the least. This could be because of poor 
sanitation practices including personal hygiene in spite of 
programmes conducted by Ministry of Health from time to 
time. Probably more thrust is required at awareness, 
implementation and follows up of various programmes. 
Intestinal worm infections especially soil-transmitted 
helminth affect two billion people worldwide in tropics and 
subtropics including Guyana. Main species are A. 
lumbricoides, Trichuris trichiura, and Hookworms. 
However maximum cases reported are due to Acariasis 
(Kumar et al. 2014). This result contrasts with a similar 
study conducted by Lindo et al. 2002 in which hookworm 
was the most prevalent species. This may be as a result of a 
difference in environmental conditions. It has also been 
observed by Bethony et al. 2002, that hookworm infections 
are more prevalent in adults than in children. This may also 
explain why the prevalence in this study was so low. The 
prevalence of E. vermicularis found in this study cannot be 
accurately stated because only a small portion of patients 
stool shows the presence of eggs in the stool (Arora and 
Arora 2014).  
 

 
 

Figure 1. Distribution of double infections among genders (n=26) 
 
 
 

 
  
Figure 2. Double infections found in children within the study 
area (n=26) 
 
 
 

 
   
Figure 3. Prevalence of helminthic infection by age within the 
study area (n=26) 
 

 
Statistical analysis also revealed that there is an age 

dependent relationship as prevalence decreased as age 
increased. It was found that greater prevalence was found 
in the youngest age group and prevalence gradually 
decreased as age increased. A similar relationship was also 
found by Anuar et al. (2014). This is supported by earlier 
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studies that young children are vulnerable to helminth 
infections as they can harbor heavy infections due to 
smaller body size and are less able to handle the worm 
burden. They are also exposed to higher risk factors of 
anemia and malnutrition. The conditions in tropical climate 
with warm and moist climate with added pressure of cluster 
sanitation and health hygiene practices compound the 
problems further (Lindo et al. 2002).  

Questionnaire data showed that only 40% of 
community members in this study were aware of the 
transmission of intestinal helminths. Mascarini-Serra 
(2011) found that a low rate of awareness coupled with 
lack of healthcare and diagnostic facilities makes those in 
poor communities more susceptible to disease and illnesses 
caused by helminth infections. In conclusion, from the 
above study, it can be concluded that majority of intestinal 
infections are carried out with the help of A. lumbricoides 
than E. vermicularis, T. trichiura. Though various types of 
experiments are followed in this regard but still it cannot 
judge that the affected people have enough awareness 
about the helminthic infections. Poor level of awareness 
sometimes fails to get attention about the preventive 
measures of helminthic infections. This study highlighted 
the fact the intestinal parasitic helminths are present in 
children of the Silvercity community and the knowledge of 
transmission is low which may be a contributing factor to 
infection. It is essential for young children to be in optimal 
health so as facilitate the development of healthy bodies 
and minds. Therefore it is necessary to combat these 
infections through the combined efforts of government and 
the community by increasing education, improving 
sanitation and regular de-worming 
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Abstract. Hilmi M, Hamim H, Sulistyaningsih YC, Taufikurahman. 2018. Growth, histochemical and physiological responses of non-
edible oil producing plant (Reutealis trisperma) to gold mine tailings. Biodiversitas 19: 1294-1302. Reutealis trisperma (Blanco) Airy 
Shaw is a non-edible biodiesel producing plant that is able to grow well in various unfavorable environmental conditions. The study 
aimed to analyze the growth, physiological, and anatomical responses of R. trisperma to gold mine tailings. Three-month-old of R. 
trisperma were grown in 8 kg of polybags contained with mixed soil-compost medium treated with 0, 25, 50 and 100% of gold mine 
tailings for 3 months. Root and shoot growth, physiological and anatomical characters, and histochemical analysis of Pb inside the roots 
and leaves were examined. The root and shoot growth as well as chlorophyll a and b contents of R. trisperma grown in sole gold mine 
tailing at 100% significantly decreased, while at the lower concentration of gold mine tailings, the decrease of the growth performances 
was not significant, or even increased shown in that of 25% of tailing treatment. The treatment of gold mine tailing at 100% also 
induced lipid peroxidation, indicated by the significant increase in malondialdehyde (MDA) contents in the root as well as the leaves. 
Histochemical analysis showed that accumulation of Pb occurred both in roots as well as in leaves of R. trisperma treated with 100% of 
tailings. High-level tailing treatment also induced anatomical alteration in roots as well as leaves of the species. These results indicated 
that gold mine tailings induced oxidative stress in roots and leaves of R. trisperma resulted in growth inhibition. 

Keywords: Gold mine tailings, heavy metals, histochemical analysis, MDA, Reutealis trisperma  

INTRODUCTION 

Utilization of renewable energy resources is encouraged 
to prevent energy scarcity since the consumption of energy 
from fossil fuel is increasing every year, while its 
availability is limited. Biodiesel is one of most prospective 
renewable energy resources (Manzanera et al. 2008), 
because there are many species that produce high content 
of oil including from edible as well as non-edible oil-
producing plants (Karmee et al. 2005; Haldar et al. 2009; 
Kumar and Sharma 2011). Reutealis trisperma (Blanco) 
Airy Shaw, is one of non-edible oil-producing plants which 
has a good prospect as biodiesel feedstock in Indonesia due 
to some superior characteristics including high seeds 
production and oil content, large canopy, deep root system, 
and able to grow on critical lands such as sloping land, 
acidic, dry, and even infertile land, which very useful for 
reclamation of critical lands (Herman et al. 2013). 

Indonesia has about 24.3 million ha of critical land 
(BPS 2013), one of which was due to mineral mining 
activities. The operation of industrial and small-scale 
mining disrupted soil horizons and structure, soil microbe 
populations, and nutrient cycles (Kundu and Ghose 1997). 
In addition, mining activities usually produces a large 
amounts of waste (tailings) contains fine rocks, sand, and 
dust, with very low organic matter, and in many cases 
especially for gold mining it also contains heavy metal 

components (Mensah et al. 2015) such as As, Cd, Ni, Pb, 
Cu, Zn, Co and Hg (Hidayati et al. 2009; Fashola et al. 
2016; Setyaningsih et al. 2017). Mining wastes can cover 
large areas of mine land, which reduce soil productivity 
(Mensah et al. 2015). Therefore, land reclamation is 
strongly required to restore the quality and productivity of 
degraded land due to mining activities. R. trisperma is a 
good plant candidate to be used for reclamation planning, 
because of its characteristics (Herman et al. 2013). It has 
deep roots systems and produces high amount of organic 
matter, which is necessary to accelerate the reclamation 
process (Sheoran et al. 2010). Organic matters can improve 
soil fertility through microbe activities (Mimmo et al. 
2004) by decomposing mineral and organic matters and 
also promoting plant growth (Beneduzi et al. 2012; 
Altuhaish et al. 2014; Grobelak et al. 2015). 

The elevation of heavy metals content which normally 
common in gold mine lands generally produces common 
toxic effects on plants, such as inhibition of growth and 
photosynthesis, chlorosis, the alteration of water balance 
and nutrient assimilation, and senescence induction, which 
ultimately caused plant death (Singh et al. 2016). All these 
effects are related to the disturbance of biochemical, and 
molecular changes in plant tissues and cells, as well as 
ultrastructure alterations because of the presence of heavy 
metals (Gamalero et al. 2009). 
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Previous research showed that R. trisperma is able to 
grow well on critical land including sloping land, dry-acid 
land, and even degraded lands in the area of post tin-
mining (Herman et al. 2013). In addition, this plant was 
also able to grow well in water culture containing high 
concentration of cyanide from gold-mine wastewater 
(Hamim et al. 2017a). However, this plants has never been 
grown in the area of gold mine tailing which normally has 
many obstacles especially due to higher heavy metal 
content. Therefore this study was aimed to investigate the 
effect of gold mine tailing on growth, histochemical and 
physiological properties of Reutealis trisperma (Blanco) 
Airy Shaw. 

MATERIALS AND METHODS 

The experiment was carried out in field laboratory of 
Department of Biology, Bogor Agricultural University, 
Indonesia using 8 kg of polybag from July 2016 until 
February 2016. The analysis of physiology, anatomy and 
histochemical was conducted at Laboratory of Plant 
Physiology and Molecular, and Laboratory of Plant 
Anatomy of the Department of Biology, Faculty of 
Mathematics and Natural Sciences, Bogor Agricultural 
University, Bogor, Indonesia.  

Materials  
Plant materials used in this experiment were 3-month 

old of Reutealis trisperma obtained from Research Institute 
for Industrial and Refreshment Crops, Ministry of 
Agriculture, Republic of Indonesia. The media used in this 
experiment consisted of a mixture of soil and compost (4: 
1). Goldmine tailing was obtained from tailing dam of 
Indonesian gold-mine industry Aneka Tambang Inc. (PT 
ANTAM) UPBE Pongkor, Bogor, Indonesia.  

Analysis of tailing content 
The metal content in the tailings was analyzed using 

atomic absorption spectrophotometry method (AAS). 
Tailings samples were dried at 105°C for 1 day. The dried 
samples were then crushed using porcelain mortar and 
pestles. Five grams of samples were fed into 250 mL 
Erlenmeyer, followed by the addition of 5 mL of 
concentrated HNO3 and 50 mL of distilled water. The 
samples were destructed using a heat mantle to form a clear 
solution and their volume became 10 mL, which were then 
filtrated using Whatman paper No.41. The filtrate of the 
samples was diluted to 50 mL, and the concentration of 
metals in the samples were analyzed by atomic absorption 
spectrophotometer (AAS) AA7000 (Shimadzu, Japan).  

Plant growing and treatment experiment 
Three-month-old of Reutealis trisperma seedlings were 

transplanted to 8 kg capacity of polybags filled with media 
contained a combination of soil and different 
concentrations of gold mine tailings. The composition of 
each treatment was as follow: (i) 100% soil (S) and 0% 
tailings (T) (as control), (ii) 25% S and 75% T, (iii) 50% S 
and 50% T, and (iv) 100% T and 0% S.  

During the planting, each polybag was supplemented 
with 0.5 kg of compost and 0.5 g of NPK fertilizer (6: 6: 6). 
The plants were then well maintained and watered every 3 
days when there was no rain. R. trisperma plants were 
grown for 3 months for further growth, anatomical and 
physiological analysis. 

Growth parameters analysis 
For growth parameters, the measurement of root and 

shoot dry weight, root length, shoot height, and leaf area 
was carried out. Dry weight was calculated by weighing 
separately the roots and shoot after drying for 3 days using 
the oven at temperature of 70°C. Root length and shoot 
height were measured using 50 cm ruler. Leaf area 
measurements were performed using a digital image 
analysis method according to Schneider et al. (2012), 
where the whole leaves were scanned using a printer 
scanner HP 1050 (Hewlett Packard-USA) with a resolution 
of 300 dpi and the area of images then were measured 
using ImageJ (National Institute of Health, USA). 

Determination of photosynthetic pigment contents 
After 3 months, the upper fully expanded leaves were 

sampled for analysis of photosynthetic pigments contents 
according to Quinet et al. (2012) to quantify chlorophyll 
(Chl a and Chl b) and total carotenoid (xanthophyll + b-
carotene). The 0.1 g of fresh weight frozen samples were 
ground in a pre-chilled mortar in the presence of 10 mL 
cold acetone 80% (Merck, Germany). After the extraction 
was completed, the mixture was centrifuged (3000g) for 10 
min at 4°C. The absorbance of the supernatant was read at 
663, 646 and 470 nm using Thermospectronic Genesys 20 
spectrophotometer (Thermo, USA), and pigment 
concentrations were calculated according to formula from 
Lichtenthaler (1987). 

 
Chl a = 12.25 A663-2.79 A646 
Chl b = 21.50 A646-5.10 A663 
Cx+c = (1000 A470-1.82 Ca-85.02 Cb) / 198 
 
Where :  
Chl a = Chlorophyll a 
Chl b = Chlorophyll b  
Cx+c = Total carotenoids 
A663 = The absorbance at the λ of 663 nm 
A646 = The absorbance at the λ of 646 nm 
A470 = The absorbance at the λ of 470 nm 

Determination of malondialdehyde (MDA) 
MDA content was estimated based on the corrected 

TBA method by Hodges et al., (1999) with a little 
modification. Fresh functional leaves (0.5 g) were taken 
and ground in 5 mL 5% TCA (Merck, Germany) extraction 
solution, followed by centrifugation at 2500g for 30 min at 
4°C (Heraeus Labofuge 400R, Germany), and the 
supernatant is the MDA extract solution. Two milliliters of 
extract solution and 3 mL 0.5% TBA (Merck, Germany) 
including 5% TCA were mixed vigorously. The mixture 
was heated at 80°C in constant temperature water bath for 
30 min and was then cooled to room temperature. Cooled 
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mixture was centrifuged at 2500g for 30 min at 4°C, and 
finally the supernatant of the mixture was detected at 450, 
532 and 600 nm. The concentration of MDA was 
determined using the formula:  

 
CMDA (μmol mL-1) = 6.45 × (D532-D600)-0.56 × D450 
 
Where: D450, D532, and D600 are the absorbencies at 

450, 532 and 600 nm. 

Analysis of roots and leaves anatomy 
Anatomical studies were carried out to observe the 

transversal section of roots and leaves taken from R. 
trisperma, which were grown in media without tailings (as 
control) and with 100% tailing treatment. Samples for 
observation were prepared using standard freehand 
sectioning (Ruzin 1999). The sections were cut with 
smooth stokes and transferred from the blade into a 
microscope slide and stained with 1% safranin solution. 
Stained samples were observed using Olympus CX-23 light 
microscope and the picture of the samples was taken using 
Optilab® camera.  

Histochemical analysis of lead (Pb) 
The observation of lead accumulated by plant tissues 

was carried out using sodium rhodizonate according to the 
method proposed by Tung and Temple (1996) with some 
modification. Samples for observation were prepared with 
standard freehand sectioning according to Ruzin (1999). 
Freshly cut thin sections of the samples were soaked in 
sodium rhodizonate staining solution for 60 minutes. To 
improve the staining effects, the cut thin sections were 
soaked in light green 0.1% for 2 minutes. Stained samples 
were observed using Olympus CX-23 light microscope and 
the picture of the samples was taken using Optilab® 
camera. 

Analysis of root and leaves ultrastructure 
The analysis of ultrastructure of the samples was 

carried out using transmission electron microscopy (TEM) 
with the preparation methods according to Cortadellas et al. 
(2010). Root segments of about 2 mm in length were cut 
for about 1 cm above the root tip, and leaf rectangular 
segments (1 × 2 mm) were sectioned from a fully expanded 
leaf, which was then immediately transferred to 4% 
glutaraldehyde in 0.1 M cacodylate buffer (pH 7.4) at 4°C 
for overnight fixation. After rinsing three times with the 
same buffer for 15 min each, the samples were post-fixed 
in 1% OsO4 in the same buffer for 2 hours, followed by 

washing three times in the same buffer. Segments were 
dehydrated in a graded series of ethanol (30%, 50%, 70%, 
90%, and 100%) and were then infiltrated with resin 
overnight. Ultrathin (80 nm) sections were cut using ultra-
microtome Reichert S Ultracut (Leica, Austria). Ultrathin 
sections were mounted on copper grids and then observed 
with transmission electron microscope (TEM) JEM 1010 
(JEOL, Japan). 

Statistical analysis 
Statistical analysis was carried out by one-way 

ANOVA using SPSS 19.0 statistical software and the 
means were compared by Duncan’s Multi Range Test 
(DMRT) and independent-samples T (non-factorial) test at 
the 5% probability level. 

RESULTS AND DISCUSSION 

The tailings used in this experiment contained very low 
organic matter (<1%) and low macro elements such as N, 
P, and K with the pH of 7.0. The tailings also contained a 
variety of metals classified as both essential and non-
essential elements for the plants (Table 1). Some essential 
elements were abundant in the tailings with the 
concentration were listed according to the highest as 
follow: Fe > Mg > Mn > Zn > Co > Cu > Mo. In addition, 
some non-essential (heavy metals) elements were also 
contained in the tailings including Pb, Ag, Cd, and Hg 
(Table 1). 

Tailing was derived from the processing of mineral 
rocks and ores in gold-mine industry involving milling, 
washing and other processes, which causes the lower 
content of organic matter and higher mineral elements. The 
high content of heavy metals in the tailings is caused by 
leaching of minerals and chemical compounds that are 
normally used to separate gold from their rocks and other 
minerals. In addition, during the extraction process of gold, 
heavy metals that are naturally contained in the rock 
minerals were washed (Fashola et al. 2016). 

After 90 days of treatment using gold mine tailings with 
different concentration, the response of R. trisperma was 
varied depended on the tailing concentration and the type 
of parameters that were analyzed. This result will present 
and discuss the response of the plant to the tailings 
treatment started from morphological (growth) followed by 
physiological and anatomical characters, and finalized by 
histochemical analysis. 

 
 
 
Table 1. The content of essential and non-essential elements of gold mine tailing 
 

Essential elements Mg Fe Mn Zn Co Cu Mo 

        
Concentration (ppm) 3962.71 10348.15 1791.46 22.64 3.59 1.18 <0.005 
         
Non-essential elements Pb Ag Cd Hg    
Concentration (ppm) 93.59 13.36 1.26 0.064    
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Growth inhibition is a common response of the plants 
subjected to abiotic stress including heavy metals stress 
(Malar et al. 2014). The results of this study showed that 
plant growth was affected by gold mine tailings for 90 
days, especially at high concentration (100% of tailings) 
(Table 2). All growth parameters except for plant height 
apparently increased at the 25% of tailings treatment, and 
at 50% of tailing, while at 100% of tailing treatment, all 
parameters were decreased significantly, except for plant 
height (Table 2). The decrease of root and shoot dry weight 
was 59.6% and 45% respectively, root length was 41.7%, 
and leaf area was 28%, while plant height was only 19.6%. 
The decrease of growth in 100% of tailing treatment may 
associate to the characteristics of gold mine tailing that has 
lower organic compounds and other major nutrient 
elements such as N, P and K, which are required to support 
plant growth (Setyaningsih et al. 2017). For the plants 
treated with 100% of tailings, the source of macronutrient 
compounds was obtained only from the compost (0.5 kg) 
provided at the beginning of the treatment to support the 
growth for 90 days, while the other treatments the plants 
also got support from the media (mixed soil and compost). 
In addition, nutrition shortage may happen during 90 days 
of growth. This is because the tailings also contained heavy 
metal especially Pb at moderate level (Table 1), which may 
have negative effect to the plant growth. Heavy metals such 
as Pb have negative affects to the plant metabolisms 
particularly photosynthesis, through inhibition of 
photosynthetic enzymes as well as chlorophyll 
biosynthesis, and caused the damage of chloroplast 
membrane, which interfered photosynthetic electron 
transport (Anggarwal et al. 2011). Heavy metals toxicity 
also reduced roots ability for nutrients and water uptake 
(Poschenrieder and Barceló 2004), reduced enzyme 
activities due to metal binding to the activation site of 
enzyme (Asati et al. 2016), which ultimately lead to growth 
inhibition (Pendias 2001).  

Based on growth parameters, R. trisperma treated with 
a low concentration of tailings had an increased growth 
(Table 2). This could happen because gold mine tailings 
used in the experiment contained higher concentration of 
some essential nutrients such as Fe, Mg, Mn, Zn, Co, Cu, 
Mo (Table 1). These metals are involved in essential 
biological functions, and therefore have positive biological 
effects in terms of growth and crop productivity, even 
though the excessive amount of these metals both in the 
growth media or plant body can generate toxic effects to 
the plants (Shahid et al. 2015). The other metals such as Pb, 
Cd, Hg and Ag which are non-essential heavy metals (Asati 
et al. 2016) and also contained in the tailings may not have 
negative impact to R. trisperma plants at lower (25%) 
tailing treatments. This data suggested that R. trisperma 
was tolerant to gold-mine tailings indicated by favor growth 
under 25 and 50% of gold mine tailings without any toxicity 
symptom such as chlorosis or necrosis in their leaves.  

In agreement with this experiment, many studies also 
reported that low concentration of heavy metals in the 
growth media increased plant growth, while the higher 
concentration caused the decrease of plant growth. Jadia 
and Fulekar (2008) who worked with sunflower, for 

example, showed that that the treatment of heavy metals 
(Pb, Cd, Ni, and Cu) at 10 and 20 ppm improved root and 
shoot dry weight of sunflower, however the dry weight of 
the plants decreased gradually as the concentration of 
heavy metals in the media increased up to 40 and 50 ppm. 
In Jatropha curcas, Shu et al. (2011) also found that the 
treatment with low concentration of Pb treatment (0.5 mM) 
increased leaves area of the plants, while higher 
concentrations (1, 2, 3 and 4 mM) resulted in significant 
reduction of leaves. The reduction of roots and shoot due to 
heavy metals application has been reported in many other 
studies (such as Surjendu et al. 2007; Daud et al. 2009; 
Chaves et al. 2011; Li et al. 2004). 

To analyze the effect of tailing treatment to 
physiological parameters, photosynthesis pigments of the 
leaves and malondialdehyde content of roots and leaves 
were investigated. As presented in Figure 1, photosynthetic 
pigment contents of leaves especially chlorophyll a and b 
decreased significantly in the tailing treatment at 100%, 
while carotenoid content did not change in response to the 
treatments. The decrease of chlorophyll b due to 100% 
tailing treatment was more (46,3%) than that of chlorophyll 
a (20.5%). This result was in agreement with the previous 
study conducted by Singh and Tewari (2003) who 
described that the content of chlorophyll b in Brassica 
juncea treated with Cd was lower than the content of 
chlorophyll a due to the higher degradation of chlorophyll 
b and lower interconversion of chlorophyll b from 
chlorophyll a. Interestingly, the treatment with 25% of 
tailing significantly increased chlorophyll a content, while 
chlorophyll b content was slightly higher as compared to 
the control but not significantly different (Figure 1). The 
alteration in pigment composition, especially in the lower 
level of light-harvesting chlorophyll proteins (LHCPS), is 
one of the defense mechanism of plants to help them 
survive under adverse conditions, including heavy metal 
stress (Malar et al. 2014). 

The decrease of chlorophyll content is among the 
parameters when the plants undergo abiotic stress, 
including heavy metal stress and to some extent, it caused 
leaf chlorosis. Some previous studies described that heavy 
metals can inhibit two key enzymes involved in chlorophyll 
biosynthesis, i.e., δ-aminolevulinic acid (ALA)-dehydratase 
(EC 4.2.1.24) and protochlorophyllide reductase (Van 
Assche and Clijsters 1990; De Filippis and Pallaghy 1994). 

 
Table 2. Effect of tailings application on growth of Reutealis 
trisperma after 90 days treatment 
 

Tailings 
conc. (%) 

Growth parameters 

Root dry 
weight 

(g) 

Shoot 
dry 

weight 
(g) 

Root 
length 
(cm) 

Shoot 
height 
(cm) 

Leaf area 
(cm2) 

0 11.4b 27.9b 28.3b 36.8a 204.40b 
25 13.5b 35.5c 33.0c 38.3a 252.18c 
50 14.9b 32.4bc 27.3b 34.3a 202.56b 
100 4.6a 15.2a 16.5a 32.0a 147.18a 
Note: The numbers within the same columns followed by the 
same uppercase letters are not significantly different at P ≤ 0.05, 
as determined by Duncan test 
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In addition, excessive amount of heavy metals in plants 
generates oxygen radicals, which may induce lipid 
peroxidation and cause the damage of thylakoid membrane 
and photosynthetic pigments (Droppa and Horvath 1990). 
Different from chlorophyll, carotenoid contents was not 
significant affected by tailings treatments of 100% (Figure 
1). The biggest decrease of carotenoid content occur at 
100% tailings treatment by 8.5%.The less effect on 
carotenoid content in R. trisperma might represent 
supportive role of carotenoid compounds against oxidative 
stress caused by heavy metals (Candan and Tarhan 2003).  

The data of MDA measurement in the roots and leaves 
showed that MDA content generally increased gradually in 
accordance to the increase of tailings in growth medium, 
except MDA content in root with 25% tailings treatment 
(Figure 2). The increase of MDA content in the roots was 
significantly higher than that in leaves in response to the 
tailing concentration. The maximum MDA contents were 
found in the roots treated with100% of tailings which 
increased at about 74.4% compared with their control, 
while in the leaves, it was only 34.2% higher (Figure 2). 
Malondialdehyde (MDA) is the product of lipid 
peroxidation in the cell when a plant undergoes abiotic 
stress, and MDA content is often used as an indicator of the 
extent of oxidative stress in the plant (Hu et al. 2012; 
Repetto et al. 2010; Hamim et al. 2017b). The higher MDA 
content in the roots suggested that R. trisperma underwent 
more stress due to the treatment of gold-mine tailings than 
that in the shoot. This was understandable because the first 
organ exposed to gold mine tailings containing heavy metal 
such as Pb, Ag, and Cd was the roots.   

In many species, the root has ability to prevent or 
reduce uptake of heavy metals by binding them to the cell 
wall (Manara 2012). However, not all metal content could 
be stopped from entering the cell. The accumulation of 
metal ions in the root cell induced ROS, which may 
increase lipid peroxidation and lead to the increase of 
MDA production (Del Rio et al. 2002). The similar results 
have been reported in wheat seedlings grown at media 
containing Cd and Pb (Surjendu et al. 2007; Malar et al. 
2011), in tomato plant (Borges et al. 2018), and in 
Camellia sinensis exposed to Cd (Mohanpuria et al. 2007). 

To understand the response of gold mine tailing to plant 
anatomy, microscopic analysis of transversal leaves and 
roots anatomy were carried out to control plants and the 
plant treated with 100% gold mine tailings. Roots and 
leaves anatomy data showed that the size of root tissues of 
the plants treated by 100% tailings treatments was changed. 
The diameter of vascular bundle of R. trisperma roots 
decreased from 332.14 μm in control plants to 270.88 μm 
(18.4%) in 100% gold mine tailing treatment (Table 3). In 
contrast, the thickness of exodermis and endodermis layer 
increased significantly. The thickness of exodermis layer of 
treated plant increased from 80.72 μm to 99.00 μm 
(22.7%), while the thickness of endodermis layer also 
increased from 17.12 μm to 23.66 μm (55.7%) in response 
to 100% gold mine tailings. The decrease in vascular 
bundle diameter is one of effects of heavy metal stress on 
plants (Poschenrieder and Barceló 2004). The decrease of 
vascular bundle diameter as an impact of heavy metals 

toxicity has also been observed in many species such as in 
Triticum aestivum exposed to Cu stress (Atabayeva et al. 
2016) and Salix caprea treated with combination of Cd and 
Zn (Vaculík et al. 2012). 

Exodermis and endodermis are typical angiosperm 
tissue, which has function to regulate the flow of water, 
nutrient, and other material through apoplastic. Both tissues 
are characterized by specific cell wall modifications with 
Kasparian strip structure and may develop suberin and 
thickening tertiary walls. These tissues play important role 

 

 
 
Figure 1. The effect of gold mine tailings treatment on the 
content of photosynthetic pigment (chlorophyll a, chlorophyll b 
and carotenoids) of R. trisperma. Different letters above the bars 
indicate significant differences according to Duncan's Multiple 
Range test at P<0.05. Error bars show SE 
 

  

 
 
Figure 2. Effect of gold mine tailings treatment on MDA content 
of R. trisperma roots and leaves. Different letters above the bars 
indicate significant differences according to Duncan's Multiple 
Range test at P<0.05. Error bars show SE. 

 
 
Table 3. Anatomical characteristics of root tissues in R. trisperma 
control plants and plants treated with 100% tailings 
 

Concentration 
of tailing 

Diameter of 
vascular 

bundle (μm) 

Exodermis 
thickness 

(μm) 

Endodermis 
thickness 

(μm) 

Amount of 
crystal 
(mm-2) 

0% 
100% 

332.14b 
270.88a 

80.72a 
99.00b 

17.12a 
23.66b 

8a 
92b 

Note: Mean within the same columns followed by the same 
uppercase letter indicates no significant difference at P ≤ 0.05, as 
determined by an independent-samples t-test 
 

Tailings:  

a 
ab 

b 

c 

a a a 
b 

Tailings: 
a a 

c 

b 

b b b 
a 

a a a a 
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in the protection against various types of stress such as 
drought, pathogens, organic contaminants, salinity and 
heavy metals (Enstone et al. 2003). The thickening of these 
tissues in R. trisperma under 100% tailing treatment may 
have important role to minimize the translocation of heavy 
metals contained in the tailings. By analyzing some tolerant 
and susceptible varieties of wheat, Atabayeva et al. (2016) 
considered that the increase of exodermis and endodermis 
thickening was an important indicator of adaptive 
mechanism to heavy metal stress. The increase of 
exodermis and endodermis thickening was observed by 
Gomes et al. (2011) in the root tissues of Brachiaria 
decumbens due to heavy metals contamination (Cd, Pb, Zn, 
Cu). High proportions of exodermis and endodermis tissue 
in roots were also characterized as high tolerance to heavy 
metals (Lux et al. 2004). 

Interestingly, the treatment with100% tailings also 
caused a significant increase in the amount of crystals 
observed in cortical tissue of root plants (Table 3).The 
average number of crystal found in the cortical cell of the 
plants treated with gold mine tailing 100% increased up to 
92 crystals per mm2, while in the control plants it was only 
8 crystals per mm2 (Table 3). The function of crystals 
formation inside cells was estimated to detoxify heavy 
metals in plant tissues (Franceschi and Nakata 2005). 
Crystals development may part of the mechanism of heavy 
metals detoxification by binding and immobilization of 
heavy metals to reduce its toxicity (Punz and Sieghardt 
1993). The increasing amount of crystals because of 
tailings treatment was also observed by Todeschini et al. 
(2011), who demonstrated that Zn contamination in poplar 
(Populus alba) induced formation of calcium-oxalate 
crystals. Heavy metals such as Cd, Co, Fe, Pb, Sr, and Zn 
were also reported to cause an increase in calcium oxalate 
crystals formation (Punz and Sieghardt 1993). The changes 
of the root anatomy of plant treated by 100% gold mine 
tailings and the development of crystal inside the cells were 
presented in Figure 3.  

Tailings treatment was also induced anatomical changes 
in leaves tissue of R. trisperma, which include the decrease 
of upper and lower epidermis thickness resulted in the 
decrease of leaf blade (lamina) thickness significantly 
(Table 4). Almost similar, the thickness of upper and lower 
epidermis decreased approximately 28% due to gold mine 

tailing treatment which caused the decrease of lamina by 
6.2%. The previous studies conducted by Al-Saadi et al. 
(2013) also found similar results that heavy metals such as 
Ag and Cu caused a decrease of leaf blade thickness of 
Potamogeton plant. In Pisum sativum, Cd toxicity also 
decreased the leaf size and thickened lamina (Tran et al. 
2013). Heavy metals also caused growth inhibition of leaf 
mesophyll tissues, reduced leaf blade thickness, and also 
reduced the size of epidermal cells (Tang et al. 2013). In 
addition, heavy metals may affect the leaf size and 
structure through inhibition of water transport from the root 
to the shoot, and cause a decrease of osmotic pressure in 
the leaves. The decrease of osmotic pressure caused by 
inhibition of water transport affects the leaf cells turgidity 
and reduces the leaf cell size which results in the decrease 
of lamina thickness (Rucińska-Sobkowiak 2016). 

A histochemical staining technique using sodium 
rhodizonate was conducted for detecting lead in root and 
leaf tissues of control plant and treated plant with 100% of 
tailings. The appearance of red stains was observed in the 
root and leave tissues from the plant treated with 100% of 
gold mine tailings, while there was no red stains observed 
in roots and leaves tissue of control plants (Figure 4 and 5). 
In the root tissues of the plants treated by 100% of gold 
mine tailing, lead deposits were detected in epidermal cells, 
exodermal layer, cortical layer (Figure 4.C), endodermal 
cells, xylem vessels and phloem elements (Figure 4.D). 
The large area of lead deposits was found in the 
surrounding of vascular tissues (Figure 4.D). The deposits 
of lead were dominant on the cell walls and at the 
intercellular spaces of the cells. 

 
Table 4. Anatomical characteristics of leaves tissues in R. 
trisperma control plants and plants treated with 100% tailings. 
 

Concentration 
of tailing 

Leaf blade 
Thickness 

(μm) 

Upper 
epidermis 
Thickness 

(μm) 

Lower 
epidermis 

thickness  
(μm) 

0% 
100% 

213.40b 
200.24a 

36.18b 
25.94a 

32.04b 
23.30a 

Note: The numbers within the same columns followed by the 
same uppercase letter indicates no significant difference at P ≤ 
0.05, as determined by an independent-samples t-test. 

 
 

   

A B C 
 

Figure 3. Root anatomical structure of R. trisperma without tailings treatment (A) and treated with 100% tailings (B), druce-form 
crystal (C). Ep: epidermis, Ex: exodermis, C: cortex, Cr: crystal, En: endodermis, Ph: phloem, X: xylem. Bar length: 50 μm. 
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A B C D 

 
Figure 4. Histochemical analysis of lead using sodium rhodizonate in roots tissue of control plants (A and B) and plants treated with 
100% tailings (C and D). E: epidermis, Ex: exodermis, C: cortex, En: endodermis, P: pericycle, X: xylem, Ph: phloem. Red-stained 
tissues showed deposition of lead. Bar length: 50 μm 
 
 

 

A B C D 
 
Figure 5. Histochemical analysis of lead using sodium rhodizonate in leaves tissue. Control plants (A and B) and plants treated with 
100% tailings (C and D). Red-stained tissues showed accumulation of lead. E: epidermis, UE: upper epidermis, LE: lower epidermis, P: 
parenchyma, X: xylem, Ph: phloem. Red-stained tissues showed deposition of lead. Bar length: 50 μm 
 
 
 
 

Various studies have been done to verify the absorption 
of lead by some of terrestrial plants with focus on the roots 
organ (Tung and Temple 1996; Baranowska-Morek and 
Wierzbicka 2004). In roots, the lead is primarily 
accumulated in apoplastic spaces with little lead transport 
into aboveground portions of the plant (Tanton and Crowdy 
1971). Lead was first absorbed by root hairs and 
accumulated in epidermis cell walls. The metal binding at 
the epidermis cell wall is part of a strategy to prevent metal 
from going further into the internal tissues at roots. 
However, in the plants exposed to high concentration of 
lead, the substance was also transported apoplastically into 
the internal tissues such as cortical, endodermal and even 
vascular tissue (Tung and Temple 1996).  

Histochemical analysis of this study showed that R. 
trisperma exposed to high concentration of tailings (100%) 
apparently accumulated lead in the root tissues. This data 
indicated that 100% of gold mine tailing may contain high 
enough Pb which caused the plant absorbed this metal into 
the internal tissues of the roots. The presence of Pb in the 
vascular tissues of the roots enabled the plants to transport 
and distribute this metal to other parts of the tissues 
including leaves.  

Histochemical analysis of leaves was carried out by 
observing the transverse leave petioles and laminas of 
control plants and treated plants with 100% of tailing 
(Figure 5). In the leaf petiole of plants treated with 100% 
gold mine tailings, lead deposition was found in the 

epidermal cells, parenchymal cells, and xylem vessels 
indicated by red color, while it has not appeared in the 
phloem tissues (Figure 5.B). This data showed that the 
distribution of Pb in this plant was attributed mostly by 
water flow through xylem and transpiration from roots to 
the leaves. In the lamina leaf, lead deposition was also 
found in almost all the tissues including upper and lower 
epidermis, parenchymal tissues as well as stomatal 
openings in the lower part of epidermal tissues (Figure 
5.D). From anatomy analysis showed that R. trisperma was 
absorbed and accumulated Pb in the roots and in the leaves 
suggesting that this plant may have ability, to some extent, 
to tolerate Pb from gold mine tailings.  

Terrestrial plants tend to absorb lead from the soil and 
retain most of this substance in their roots. However, there 
is some evidence that plant foliage may also take up lead, 
and it is possible that this lead is moved to other parts of 
the plant (Asati et al. 2016). Some accumulator plants such 
as Chenopodium rubrum, Aster subulatus, Brassica 
chinensis and Amaranthus mangostanus were able to 
accumulate lead in their above-ground tissues and 
considered better candidates for phytoremediation (Yuan et 
al. 2016). Many ultrastructural studies also showed heavy 
metals accumulation in the cell wall, vacuoles, and 
intercellular spaces and it is signed with deposition of 
metals (Almeida et al. 2007; Pourrut et al. 2013; 
Wierzbicka 1999). Sites of heavy metals deposition depend 
on the metal and plant species (Kouhi et al. 2016). Positive 
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response of R. trisperma on gold mine tailing with better 
growth under lower concentration (25%) and its capacity to 
sustain growth under 100% of gold mine tailing for 90 days 
(Table 2) and the indication of Pb accumulation inside the 
leaves (Figures 3-5) without any significant toxic symptom 
suggesting that this plant is tolerant to gold mine tailing 
and potential to be used for phytoremediation program. 

In conclusion, growth, anatomical and physiological 
characters of R. trisperma grown on the media containing 
various concentration of gold mine tailings were analyzed 
for 90 days. Low levels of gold mine tailings (25%) 
improved growth parameters of R. trisperma, but the 
highest concentration of tailings (100%) significantly 
decreased all growth parameters. Goldmine tailing at 100% 
caused the decrease of photosynthetic pigments of the 
leaves, but not carotenoid, with the reduction of 
chlorophyll b was higher than chlorophyll a. Conversely, 
100% of gold mine tailing caused significant increase of 
malondialdehyde (MDA) content in roots and leaves of R. 
trisperma, suggesting that the plants underwent oxidative 
stress, even though its increase was higher in the roots than 
in the leaves. There were significant changes in roots and 
leaves anatomy in response to gold mine tailings. The 
treatment of 100% tailing decreased diameter of vascular 
bundle, increased the thickness of exodermal and epidermal 
layer of the roots, and induced accumulation of crystals in 
the root cells. In leaves, tailings caused a decrease of upper 
and lower epidermis thickness resulted in declining leaf 
blade thickness. From histochemical analysis, it showed 
that lead was entered to the roots of R. trisperma and 
distributed to all part of the leaf tissues. Based on present 
studies, the abilities of R. trisperma to sustain growth under 
gold mine tailing up to 100% for 90 days without any 
symptom of toxicity suggesting that this plant is tolerant to 
gold mine tailing and potential to be used for 
phytoremediation program.  
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Abstract. Djamaluddin R. 2018. The mangrove flora and their physical habitat characteristics in Bunaken National Park, North 
Sulawesi, Indonesia. Biodiversitas 19: 1303-1312. The mangrove forests of Bunaken National Park are among the most distinctive and 
unusual in Southeast Asia because of the species that the forests contain. This study investigated the identity and diversity of mangrove 
plants as well as physiographic factors and major physical processes of every type of sub-habitats. Seven surveys were conducted to 
collect and identify mangrove species of the park. Sub-habitats where specimen was found, aspects related to tidal inundation, nature of 
soil, freshwater influence and topography were observed as well as major physical processes influencing the condition of each sub-
habitat. The results suggested that the park was floristically rich with at least 27 plant species and they were distributed over ten 
recognized sub-habitat types in different composition and diversity. Ceriops zippeliana Blume, Lumnitzera racemosa Willd, Lumnitzera 
littorea (Jack) Voigt., Sonneratia ovata Backer, and Camptostemon philippinense (Vidal) Becc. were found in Bunaken National Park 
and their presence confirmed the broader distribution limit of these species within Indo-Malesia region. A special notice was for C. 
philippinense as the distribution limit of this is rarely reported.   

Keywords: Bunaken, Camptostemon philippinense, Ceriops zippeliana, Indo-Malesia, mangrove     

INTRODUCTION 

Whatever the origin of the term of mangrove, whether it 
is derived from ‘mangle grove’ which refers to Rhizophora 
mangle Linnaeus or from the old Malay words ‘mangin’ or 
‘manggi-manggi’ (Claridge and Burnett 1993), or from the 
national language of Senegal ‘mangue’ (Vannucci 1998), 
this term is now applied to those species, a relative small 
group of higher plants, or the whole community of plants, 
which have been peculiarly successful in colonising 
tropical and sub-tropical intertidal habitats at the interface 
between land and sea (Clough 1979; Duke 1992; Maxwell 
2015). Mangrove vegetation includes a range of functional 
forms, including trees, shrubs, palms and ground ferns 
(Duke et al. 1998). Mangrove can tolerate salt and brackish 
waters (Spalding et al. 1997), because the plants have 
developed complex morphological, anatomical, physiological, 
and molecular adaptations allowing survival and success in 
their high-stress habitat (Srikanth et al. 2015).  

Global distribution of mangrove has been explained in 
various reports (e.g. Giesen et al. 2006; Spalding et al. 
2010; Richards and Friess 2015; Hamilton and Casey 
2016). Southeast Asia supports the world’s largest area of 
mangroves, originally extending over 5.1 million ha and 
representing 33.5 % of the world’s total (Spalding et al. 
2010). The largest areas of mangrove in Southeast Asia are 
found in Indonesia (almost 60 percent of Southeast Asia's 
total) (Giesen et al. 2006). In 2000 total mangrove area was 
estimated at approximate 2,788,683 ha with the percentage 
of mangrove loss was of 1.72% between 2000 and 2012 
(Richards and Friess 2015).  

Indonesia’s mangroves include two biogeographical 
regions, i.e., Indo-Malesia and Asia, Australasia and the 
western Pacific (Duke et al. 1992). The lists of mangrove 
species within these regions have been improved by Duke 
et al. (1998) in which 50 mangrove species were found in 
Indo-Malesia and 47 species in Australasia, including 
several putative hybrids. However, 39 species were 
overlapped between the two biogeographical regions, thus 
the total number of species in both biogeographical regions 
is 57 species. Giesen et al. (2006) found that mangrove in 
Indonesia has 48 species and in Bunaken National Park 
alone, some 32 true mangrove species may be found 
(Tomlinson 1986), thus Indonesia has the highest 
mangrove diversity in Southeast Asia.    

Oceanic circulations and climate regime may influence 
the distribution of mangroves (Thom 1982). The marine 
environment of Bunaken National Park is under the 
influence of dominant seawater mass coming from northern 
Pacific Ocean to Indian Ocean flowing through Makasar 
Strait that separates Sulawesi and Kalimantan (Van 
Bennekom 1988). The flow of seawater mass from 
northern Pacific is strengthened by the Mindanao Current 
coming from the coastal areas in the southeast of the 
Philippines Archipelago (Bingham and Lukas 1994). 
Climatically, the coastal environments of the park is 
influenced greatly by the equatorial condition which is 
usually far from extreme climatic conditions with more 
proportion of wet season and little range of temperature 
between 25.5C and 27.0C.  

The mangrove forests of the Bunaken National Park are 
among the most distinctive and unusual in Southeast Asia 
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because of the species that the forests contain (Davie et al. 
1996; Djamaluddin 2004). It is believed that the interplay 
between geophysical, geomorphic and biological factors 
has supported the mangrove distribution and diversity in 
the intertidal environments of the park. This study 
investigated mangrove species across various sub-habitat 
types within the park, geographical distribution limits of 
certain species within Indo-Malesia region, and spatial 
distribution of mangrove species as the consequences of 
species adaptation to major environmental conditions.   

MATERIALS AND METHODS 

Study site and climate 
The Bunaken National Park is situated on the North 

coast of Sulawesi Island. The Park consists of two sections,  

the northern section (1034’48.8” N-124039’27.8” E; 
1049’26.8” N-124051’32.4” E) and the southern section 
(1026’24.7” N-124039’24.7” E; 1016’50.5” N-124028’54.8” 
E). The total area covered by the northern sections was 
62,150 ha including the five islands of Bunaken, Siladen 
Manado Tua, Mantehage, Nain and the mainland coast 
between Tiwoho and Molas. The southern section was 
restricted to the mainland coast between the villages of 
Poopoh and Popareng, covering a total area of 16,906 ha. 
Although the primary conservation concern responsible for 
the creation of the Park was the coral ecosystem, the 
reserve also supports about 2,000 ha of mangrove forests 
that includes 1,000 ha in Mantehage Island (Survey Area 
A1), about 200 ha between Molas and Tiwoho (Survey 
Area A2) and 800 ha between Poopoh and Popareng 
(Survey Area B). A map of the study location and surveyed 
areas is provided in Figure 1. 

 
 
 

 

 
 
Figure 1. The study areas of Bunaken National Park, North Sulawesi, Indonesia 
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The rainfall in the study area is strongly affected by the 

wind systems. The north-westerly winds blow over the 
South China Sea and bring moisture during September and 
April. In November these winds arrive in the North 
Sulawesi via the Sulawesi Sea and to the west coast of 
South Sulawesi in late of November or early of December. 
Dry south-easterly winds blow from the wintery Australian 
land mass towards eastern Sulawesi. These dry winds cause 
a short dry season in Manado from August to October. The 
total annual rainfall in northern section of the park reaches 
3,000-3,500 mm with 2,200 mm during the wet season 
(November-April) and 1,100 mm during the dry season 
(May-October). In the southern section of the park, the 
rainfall is lower and ranges from 2,501-3,000 mm. The 
timing of the wet and dry season is the same as the north. 
Based on data of annual temperature during 1973-2016, the 
annual temperature of North Sulawesi varied little between 
25.5 C and 27.0 C. The minimum annual mean 
temperature was 25.5 C recorded in 1984 and the 
maximum was 27.0 C occurred in 2015.  

Specimen collection  
Seven surveys were carried out between November 

1995 and September 2016 to collect all mangrove 
specimens within the Bunaken National Park. The first 
survey was conducted between November and December 
1995 through a community-based survey (i.e., specimens 
were collected by the local people) resulted in the 
collection of specimens of all plants recognized by the 
local people as separate species and for which they had 
local names. The second survey was carried out in January 
1996 and the third survey in June 1999, in 23 locations in 
Survey Area A1, seven locations in Survey Area A2 and 36 
locations in Survey Area B. Specimen collections in the 
second and third surveys were made after the sub-habitat 
descriptions were made. The fourth survey was conducted 
in January 2002 to confirm identification of a number of 
species which were still uncertain in the previous surveys. 
The fifth survey was carried out between August 2002 and 
September 2004 in 10 locations of mangrove around 
Tiwoho Village (Survey Area A2). The sixth survey was 
conducted between October 2012 and October 2013 in the 
mangrove area between two islets in Mantehage Island 
(four locations in Survey Area A1). This sixth survey was 
aimed to investigate the massive dieback of mangroves and 
possible new establishment of mangrove species. Four 
locations in mangrove areas between Poopoh and 
Pinasungkulan (Survey Area B) were also visited several 
times to check the presence of unrecorded species in the 
previous surveys. The last survey was conducted in 
September 2016 to check the mangrove species 
establishment at the restored site of Tiwoho (A2). Field 
determination of the flora was based on morphological 
characteristics that were compared to a number of 
references (e.g. Van Stennis 1955-58; Ding Hou 1958; 
Tomlinson 1986; Mabberley et al. 1995; Noor et al. 2006). 
All the specimens used for determination of the flora were 
photographed and documented. All surveyed locations 
were presented in Figure 2. 

Description and classification of mangrove sub-habitat 
types 

A visual analysis of colored aerial photographs (1:6,000 
scale; taken in 1993) was conducted to describe general 
physical condition of mangrove ecosystems and to identify 
specific locations that were expected to have different 
physical conditions. Ground checks were made to ensure a 
representative sample was taken of all the various types of 
environmental settings. Description and classification of 
sub-habitat types were based primarily on dominant 
physical factors and processes including level of inundation 
in relation to elevation, local water circulation pattern, 
freshwater inflow, and specific soil characteristics of 
texture, salinity and field moisture content. The pattern of 
seawater circulation was observed visually during ebb and 
spring tides. The level of tidal inundation was determined 
using a measuring stake. Soil samples were taken from ten 
sub-habitat types at three different times. Samples were 
taken at 0-300 mm depth at five random points in every 
type of habitat and these were pooled prior to laboratory 
analysis. Soil texture was determined using the pipette 
method. Soil salinity was measured using a Hand 
Refractometer (ARTAGO S/MILL) on the water samples 
of a known volume eluted through sediment samples. Soil 
Field Moisture Content (FMC) was determined using the 
procedure by Gardner (1965) based upon water lost from 
the weight of soil samples oven-dried at 105 C to constant 
weight. Biodiversity Professional (Version 2.0 ) was used 
for Bray-Curtis Cluster Analysis with Sorensen similarity 
to group sub-habitats based on species presence. All 
sampling points for the observation of physical sub-habitat 
characteristics are shown in Figure 2. 

RESULTS AND DISCUSSION 

Mangrove flora  
There were 27 species from 12 families were found in 

the mangrove forests of the Bunaken National Park (Table 
1). 

It was revealed from the Tiwoho survey (Survey Area 
A2) that one specimen of C. zippeliana, formerly 
recognized as C. decandra in the majority of its range 
(Sheue et al. 2009; Duke et al. 2010), was introduced in 
early of 2000 but had never been successful in its natural 
regeneration. B. cylindrica that were previously known to 
occur only at estuarine sub-habitat in Mantehage Island 
(Survey Area A1) was found in the latest survey at 
mangrove near Pinasungkulan (1022’56.4” N; 
124034’27.3”-Survey Area B) as young trees under canopy 
species dominated by R. apiculata. One specimen of S. 
ovata was also recorded, at a landward site with freshwater 
input, in Tiwoho (1035’31.0” N; 124050’37.9” E-Survey 
Area A2). 

There were five species not found in the mangrove 
forests of the Park compared with the broader longitudinal 
biogeographic region between 1200 and 1350 E defined by 
Tomlinson (1986). These species were Aegialitis annulata 
R. Browm, Aegiceras floridum Roemer & Schultes, 



 BIODIVERSITAS 19 (4): 1303-1312, July 2018 

 

1306

Bruguiera exaristata Ding Hou, Bruguiera hainesii C.G. 
Rodgers and Osbornia octodonta F. Muell. Later studies 
reported that species of A. floridum occurred in the 
intertidal environment on Pulau Pondang (0025’00.3” N; 
124020’59.8” E) and O. octodonta in the intertidal habitat 
within the area of Panua Nature Reserve (0027’45.3” N; 
121058'54.5" E). Both locations are situated in Tomini 
Gulf, to the east and south coast of the northern arc of 
Sulawesi Island (Damanik and Djamaluddin 2012; 
Djamaluddin 2015). In addition to the species in Table 1, 
there were several major associations of species including 
Caesalpinia bonduc (Linnaeus) Roxb. (Fabaceae), 
Clerodendrum inerme (L.) Gaertn. (Verbenaceae), Hibiscus 
tiliaceus Linnaeus (Malvaceae), Scaevola plumieri 
(Linnaeus) Vahl. (Goodeniaceae) and Terminalia catappa 
Linnaeus (Combretaceae). 

This study found new distribution of several other 
species within the Indo-Malesia region since they have not 
been reported to occur in this region. These included C. 
zippeliana (Ding Hou 1958); Lumnitzera sp. (Excell 1954); 
S. ovata (Chapman 1970); C. philippinense (Chapman 
1976). The occurrence of S. ovata in Bunaken National 

Park represents the northern distribution of this species 
since it has not been reported here before (e.g., Chapman 
1970; Spalding et al. 1997). Compared to the distribution 
limit of Lumnitzera sp. proposed by Excell (1954), the 
presence of L. littorea and L. racemosa in the study area 
confirmed that the broader distribution limit of these 
species within Indo-Malesia. Special notice was also drawn 
to the presence of C. philippinense in this region since the 
distribution limit of this species was rarely reported 
(Chapman 1976; Tomlinson 1986). Individual trees of this 
species occurred only at one small location in Mantehage 
Island (1042’59.4” N; 124045’31.2” E-Survey Area A1). 
This location was expected to be the distribution limit of C. 
philippinense since it was common only in the Philippines 
(Giaesen et al. 2006), although Mukhlisi and Sadiyasa 
(2014) reported tthe occurance his speciesin Berau of 
eastern Kalimantan (and in Donggala of western coast of 
Central Sulawesi (Wahyuningsih et al. 2012), but it was of 
absent from any reports of mangrove surveys in the south 
coast of northern Sulawesi (Damanik and Djamaluddin 
2012; Djamaluddin 2015) and the West Papua 
(Prawiroatmodjo and Kartawinata 2014).   

 
 

 
 
Figure 2. Locations of plants collection and observation for physical sub-habitat characteristics in Bunaken National Park, North 
Sulawesi, Indonesia 
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Table 1. The mangrove plants of Bunaken National Park, North Sulawesi, Indonesia 
 

Family Species Local name Common name 

Acanthaceae  Acanthus ilicifolius Linnaeus1 Gahana, Kammunte Holly mangrove 
 Avicennia alba Blume2 Api-api Api-api putih 
 Avicennia marina (Forssk.) Vierh1,2,3  Api-api Grey/white mangrove 
Bombacaceae  Camptostemon philippinense (Vidal) Becc.1 Kayu pelompong - 
Combretaceae  Lumnitzera littorea (Jack) Voigt.1,2 Lolang bajo Red-flowered black mangrove 
 Lumnitzera racemosa Willd1 Lolang bajo putih White-flowered black mangrove 
Euphorbiaceae  Excoecaria agallocha Linnaeus1,2,3 Buta-buta Milky mangrove, Blind-your-eye 
Meliaceae  Xylocarpus granatum Kӧnig1,2,3 Kira-kira Cannonball mangrove 
 Xylocarpus moluccensis Pierre2,3 Kira-kira Cedar mangrove 
Primulaceae  Aegiceras corniculatum (Linnaeus) Blanco1,2,3 Rica-rica, Anting-anting River mangrove, Black mangrove 
Arecaceae  Nypa fruticans (Thunb.) Wurmb.1,2,3 Bobo Mangrove palm 
Pteridaceae  Acrostichum aureum Linnaeus1,2,3 Paku pece Golden mangrove fern 
 Acrostichum speciosum Wildenow1,2,3 Paku pece Showy mangrove fern 
Rhizophoraceae  Bruguiera cylindrica (Linnaeus) Blum1,3 Ting putih Large-leafed orange mangrove 
 Bruguiera gymnorrhiza (Linnaeus) Lamk.1,2,3 Makurung laut Large-leafed orange mangrove 
 Bruguiera parviflora Weight & Arnold ex Griffith3 Makurung Small-leafed orange mangrove 
 Bruguiera sexangula (Lour.) Poir.3 Makurung darat Upriver orange mangrove 
 Ceriops zippeliana Blume2  Ting papua Tengat merah 
 Ceriopa tagal (Perr.) C.B. Robinson1,2,3 Ting biasa Rib-fruited yellow mangrove 
 Rhizophora apiculata Blum1,2,3 Lolaro merah Corky stilt mangrove 
 Rhizophora mucronata Lamk.1,2,3 Lolaro putih Upstream stilt mangrove 
 Rhizophora stylosa Griffith1,2,3 Lolaro putih Long-styled stilt mangrove 
Rubiaceae  Scyphiphora hydrophyllacea Gaertn.f.1,2,3 Lemong pece Yamstick mangrove 
Lythraceae  Sonneratia alba J. Smith1,2,3 Posi-posi White-flowered apple mangrove 
 Sonneratia caseolaris (Linnaeus) Engler2 Posi-posi Red-flowered apple mangrove 
 Sonneratia ovata Backer2,3  Posi-posi Ovate-leafed apple mangrove 
Sterculiaceae  Heritiera littoralis Dryand1,2,3 Kolot kambing Looking-glass mangrove 
Note: 1) species found in mangroves of Mantehage Island, Survey Area A1, 2) species found in mangrove of coastal mainland between 
Molas and Tiwoho, Survey Area A2, 3) species found in mangrove between Poopoh and Popareng in the southern section of the Park, 
Survey Area B 
 
 
 
  

 
Sub-habitat types and their physical characteristics   

Mangroves within the Park were found to occupy at 
least ten different types of sub-habitat based primarily on 
physical conditions and processes. Generally, these ten 
sub-habitats could be classified into two main groups, i.e., 
estuarine and coastal mangrove ecosystems. Based on the 
elevation relative to the sea level, estuarine mangrove 
comprised of up and intermediate locations. Whereas 
coastal mangrove ecosystems comprised of three 
recognizable elevations, i.e., low, intermediate and high 
elevations. How these ten sub-habitat types were 
categorized, as well as their relative position across the 
mangrove forest of Bunaken National Park is presented in 
Figure 3.  

As can be seen from Figure 3 that there was an estuary 
(sub-habitat 1) in the Park. At low elevation four types of 
sub-habitat were recognized; seaward fringe (sub-habitat 
2), coralline sand berm (sub-habitat 3), tidal water 
impoundment (sub-habitat 4) and seaward young soil (sub-
habitat 5). At intermediate elevation, there were two major 
sub-habitat types of very stable and flat middle zone (sub-
habitat 6) and tidal stream edge (sub-habitat 7). But sub-
habitat 7 was also found at high elevation. Three other 
main sub-habitat types comprised of less steep slope and 
eroding landward fringe (sub-habitat 8), a highly accreting 

inland fringe (sub-habitat 9) and a seasonal or regular 
freshwater influenced landward fringe (sub-habitat 10). 
Characteristics of each sub-habitat type in relation to 
various conditions of physical environment are presented in 
Table 2.  

Sub-habitat 1 was located in the center of Mantehage 
Island (Figure 2). This was subjected to sedimentation from 
nearby land systems and under influence of seasonal 
freshwater inflow from run-off. There were two deepest 
parts or undeveloped lagoons located near the center of this 
sub-habitat. As this was only reached by seawater at high 
tide, surface substrate of areas around the lagoons might be 
drier due to excessive evaporation. In contrast, these areas 
could be inundated by freshwater during wet season.  

Sub-habitat 2 was common type in the Mantehage 
Island and coastal mainland. This was located at about 
Mean Seawater Level (MSL), being inundated up to 77 
times month-1. Its extent depended upon the topography of 
a mangrove forest. The flatter a mangrove forest the wider 
the habitat will be. In the Mantehage Island, most of the 
mangrove forest was narrow with the exception for the 
mangrove area in the north side which was subjected to 
sedimentation and had a relatively flat topography. Another 
typical characteristic of this sub-habitat was of the absence 
of freshwater inflow.   
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Figure 3. Estuarine and coastal locations of mangrove sub-habitats in Bunaken National Park, North Sulawesi, Indonesia (the terms up 
and intermediate for sub-habitat; and low, intermediate and high for sub-habitat 2-10 refers to the elevation of these habitats relative to 
sea level)  
 
 
 
 

Sub-habitat 3 was found in the mangrove islands to the 
north of Mantehage Island and the mangrove island of 
Tatapaan in the southern section of the Park. This sub-
habitat type was characterized by its coral sand berm 
sediments lying on dead coral reef, convex form of 
topography and low elevation relative to sea level. Most 
areas of this sub-habitat were inundated at almost all time 
and no freshwater supply into this sub-habitat.  

Sub-habitat 4 was found at one location, near Tanjung 
Pasir Putih, in the southern part of the park. Due to its 
concave topography, this sub-habitat was permanently 
inundated including during low tide level. The sediment 
mainly composed of fine and well-draining sand and small 
proportion of organic matter and the water was mixed with 
the freshwater from seepage and run-off.  

Sub-habitat 5 was another type of mangrove islands. 
This was located just in the front of the seaward end of 
tidal channel of the mangrove forest near Sondaken Village 
in the southern part of the park. Overwash, formed by the 
accumulation of mostly non-organic sediment transported 
through the tidal channel was in the low elevation. No 
freshwater was observed to influence this sub-habitat. 

Sub-habitat 6 was the most common habitat, comprised 
up to 50% of the total mangrove forests. This sub-habitat 
type was located at intermediate elevation relative to sea 
level and was inundated up to 53 times month-1 but 
freshwater influence was of insignificant. The sediment 
was dominated by organic matter.  

Sub-habitat 7 was common in the southern part of the 
park where tidal channel components usually dissect the 
mangrove belt. This sub-habitat type could be found from 
intermediate to high elevation along a tidal channel in 
which bank was prograded at one side and eroded at 
another. Level of tidal inundation varied along the tidal 
channel depended on the position of the sub-habitat at 
intermediate or high elevation. Seasonal freshwater 
influence from seepage and run-off was significant at high 
elevation near the coastline. 

Sub-habitat 8 was of common habitat over the 
mangrove forest in the park. This habitat located at high 
elevation relative to sea level and was inundated up to 10 
times month-1. Topography of this habitat was usually in 
less steep slope. Freshwater might influence this habitat 
from seepage and run-off at seasonal period. 
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Sub-habitat 9 occurred at the inland mangrove area 
between Rap-rap and Sondaken in the southern part of the 
park that was subjected to massive sedimentation from the 
near land. This habitat was at high elevation relative to sea 
level, the surface of substrate was not smooth as it had 
many mounds and was inundated only at maximum high 
spring tide. Freshwater might flowed seasonally from the 
nearest land through seepage and run-off.  

Sub-habitat 10 located at high elevation relative to sea 
level and had a flat to less steep topography. Surface 

substrate was always wet and deep. This habitat was 
inundated up to 10 times month-1 and received supply of 
freshwater at regular basis.  

Textural classes of surface substrate seemed clearly 
different between certain sub-habitats whilst others 
appeared to be relatively the same (Figure 4). For example, 
sub-habitat 1 and 6 had a texture dominated by silt particle 
(silt loam texture). On the other hand, sub-habitat 2, 7 and 
10 had loam texture. Sub-habitat 9 was composed of sandy 
loam clay.  

 
 
 

Table 2. Physical characteristics of sub-habitat types in Bunaken National Park, North Sulawesi, Indonesia 
 

Habitat types 
Elevation 
relative to sea 
level 

Local 
topography 

Level of 
inundation  

Sediment feature 
Freshwater 
influence 

Estuary  
 (Sub-habitat 1) 

Up and 
intermediate  

Basin with 
isolated lagoon 

Frequently 
waterlogged, 
inundated at 
spring tide  

Fine and deep clay and poorly 
drained surface substrate, 
salinity (21.7±7.4 ppt), textural 
type (silt), FMC (534.0±4.5%)  

Seasonal 

Seaward fringe 
(Sub-habitat 2) 

Low Flat to less steep Inundated at 
almost all tide 
levels (77 times 
month-1) 

Sand with small portion of fine 
sediment, salinity (14.0±0.0 
ppt), textural type (loam), FMC 
(174.0±3.3%)  

Absent 

Coralline sand 
berm (Sub-habitat 
3) 

Low Convex Inundated at 
almost all tide 
levels (77 times 
month-1) 

Coralline sand berm, 
salinity (8.0±0.0 ppt), textural 
type (sandy loam), FMC 
(39.0±4.3%)  

Absent 

Tidal-water 
impoundment 
(Sub-habitat 4) 

Low Concave  Inundated at low 
tide  (up to 107 
times month-1) 

Fine and well-draining sand 
with little proportion of organic 
matter, salinity (13.3±0.5 ppt), 
textural type (sandy loam), 
FMC (78.3±1.2%)  

From seepage 
and run-off 

Seaward young 
soil (Sub-habitat 5) 

Low Convex Inundated at all 
the time (77 
times month-1) 

Subjected to accumulation of 
mostly non-organic fine 
sediments, salinity (18.0±0.0 
ppt), textural type (sandy loam), 
FMC (219.3±3.3%) 

Absent 

Very stable middle 
zone (Sub-habitat 
6) 

Intermediate Less steep Inundated at 
normal high tide 
(53 times month-

1) 

Dominated by organic sediment, 
salinity (19.7±1.2 ppt), textural 
type (silt loam), FMC 
(244.0±3.7%) 

Not 
significant, 
from seepage 
and run-off 

Tidal-stream edge  
 (Sub-habitat 7) 

Intermediate and 
high 

Various 
(Prograding and 
eroding banks) 

Various 
depending on 
local positions 
(intermediate, 
high)  

Salinity (18.0±0.8 ppt), textural 
type (loam), FMC (201.0±2.2 
%) 

Seasonally or 
regularly from 
seepage and 
run-off 
especially at 
high position 

Less steep and 
eroding landward 
fringe (Sub-habitat 
8) 

High Less steep Inundated by 
tidal water up to 
10 times month-1 

Shallow surface substrate and in 
many cases excessively eroded, 
salinity (19.0±0.0 ppt), textural 
type (sandy loam), FMC 
(207.3±2.1 %) 

Seasonal from 
seepage and 
run-off 

Highly accreting 
inland fringe (Sub-
habitat 9) 

High Not smooth 
surface with 
many mounds  

Inundated at 
maximum high 
tide (4 times 
month-1) 

Dry and subjected to 
sedimentation from nearest 
land, salinity (14.3±0.5 ppt), 
textural type (sandy loam), 
FMC (90.7± 2.9 %)  

Seasonal from 
seepage and 
run-off 

Seasonally or 
regularly 
freshwater 
influenced 
landward fringe 
(Sub-habitat 10) 

High Flat to less steep Inundated 10 
times month-1 

Wet and deep, salinity (6.5±0.5 
ppt), textural type (loam), FMC 
(83.3±2.5 %) 

Regular 
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Figure 4. Surface soil texture composition of the sub-habitats in 
Bunaken National Park, North Sulawesi, Indonesia 
 
 
 

Based on surface soil salinity the ten sub-habitats could 
be divided into three groups (Figure 5). The first group of 
sub-habitats was with high soil salinity varied between 18.0 
and 21.7 ppt, including sub-habitat 5, 6, 7and 8. The 
second group of sub-habitats was with intermediate soil 
salinity ranging from 13.3 ppt to 14.0 ppt, including sub-
habitat 1, 2, 4 and 9. The third group of sub-habitats was 
with relatively low soil salinity varied between 6.5 and 8 
ppt, including sub-habitat 3 and 10. As indicated by the 
value of standard deviation, surface soil salinity of sub-
habitat 1 seemed to be more varied. In mangroves, extreme 
substrate salinity induces hydraulic failure and ion excess 
toxicity and reduces growth and survival (Méndez et al. 
2016).  

Field moisture content measured in the ten sub-habitats 
varied greatly (Figure 6). The highest value was measured 
for sub-habitat 1 at 534.0 %. The sub-habitat 2, 5, 6, 7 and 
8 had field moisture varying between 174.0 and 244.0 %. 
Sub-habitats that had field moisture less than 100 % were 
measured for sub-habitat 3 (39.0 %), sub-habitat 4 (78.3 
%), sub-habitat 9 (90.7 %) and sub-habitat 10 (83.3 %). 
These differences were probably to be associated with 
differences in sand composition in which field moisture 
content tended to decrease with the increased in the number 
of sand particles (Djamaluddin 2004). 
 
 
 
 

 
 
Figure 5. Surface soil salinity of the ten habitat types in Bunaken 
National Park, North Sulawesi, Indonesia  

 
 
Figure 6. Surface soil field moisture content of the ten sub-habitat 
types 
 
 

Species diversity over various sub-habitat types 
All ten recognized sub-habitat types had different 

species diversity (Table 3). Based on the number of species 
present, sub-habitats could be divided into four categories. 
The first category included the high diversity sub-habitat 
which was found on sub-habitat 10 with 14 species. The 
second category was a group of sub-habitats that contained 
9 species including sub-habitat 1, 9, 7 and 10. This 
category was defined as a moderate species diversity sub-
habitat. The third category was the sub-habitat 2, 3, 4 and 5 
that contained 4-6 species and defined as low species 
diversity. The sub-habitat 6 was the only sub-habitat with 
two species present and defined as poor species diversity.  

 
Table 3. Mangrove species within varieties of sub-habitat types in 
Bunaken National Park, North Sulawesi, Indonesia 
 

Species 
Sub-habitat Types 

1 2 3 4 5 6 7 8 9 10 
A. ilicifolius +        + + 
A. aureum +       + + + 
A. speciosum +       + + + 
A. corniculatum       + +   
A. alba        +   
A. marina + + + +   + + + + 
B. cylindrica +          
B. gymnorrhiza  + +   + + +   
B. parviflora       +  +  
B. sexangula          + 
C. philippinense       +    
C. zippeliana        +   
C. tagal       + + + + 
E. agallocha +        +  
H. littoralis        + +  
L. littorea        +   
L. racemosa +          
N. fruticans +         + 
R. apiculata + + + + + + + +   
R. mucronata  + + + +      
R. stylosa  + + + +      
S. hydrophyllacea        +   
S. alba  + + + +      
S. caseolaris          + 
S. ovata          + 
X. granatum       + +   
X. molluccensis         + + +  
Total   9 6 6 5 4 2 9 14 9 9 
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Figure 7. Groups of sub-habitats based on composition of species presence 
 
 
 

Based on composition of species present, the ten sub-
habitats could also be classified into four groups (Figure 7). 
The first group consisted of sub-habitat 1, 9 and 10. This 
group was characterized by the presence of species of A. 
ilicifolius, A. aureum, A. speciosum, A. marina and N. 
fruticans. The second group consisted of sub-habitat 7 and 
8 that was characterized by the presence of A. 
corniculatum, A. marina, B. gymnorrhiza, C. tagal, R. 
apiculata, X. granatum, X. moluccensis. The third group 
consisted of sub-habitat 2, 3, 4 and 5. The presence of three 
species of Rhizophora (R. apiculata, R. mucronata, and R. 
stylosa) and S. alba were of typical in these sub-habitats. In 
this group, sub-habitat 2 and 3 were exactly the same in 
term of the presence of A. marina and B. gymnorrhiza. The 
fourth group consisted of sub-habitat 6 that was characterized 
by the presence of R. apiculata and B. gymnorrhiza.    

Across the intertidal zone of the park, the composition 
of mangrove species appeared to vary with types of sub-
habitat. The seaward mangrove areas comprised of sub-
habitat 2, 3, 4 and 5. These sub-habitats occupied by 
Rhizophora spp. (R. apiculata, R. mucronata, R. stylosa) 
and S. alba. However, B. gymnorrhiza was also found on 
sub-habitat 2 and 3. The low ground slope appeared to be a 
likely reason for the similarity of these sub-habitats. The 
middle mangrove areas included sub-habitat 6 and 7 
(particularly its intermediate position). R. apiculata and B. 
gymnorrhiza dominated on sub-habitat 6. The presence of a 
high proportion of clay particles in the surface soil seemed 
to be characteristic of this sub-habitat. The landward 
mangrove areas had a variety of sub-habitats including sub-
habitat 8, 9 and 10. C. tagal appeared to be dominant in 
sub-habitat 8 and 10, but not in sub-habitat 9. Beside C. 
tagal, a number of species such as A. marina, B. sexangula, 
N. fruticans and S. ovata usually occurred on sub-habitat 
10. The variation in surface soil salinity might be a 
defining feature of the landward mangrove areas. 

The estuarine sub-habitat located in the center between 
the two islets on Mantehage Island was considered to be 
different from other sub-habitat types. Physically this sub-
habitat was poorly drained, subjected to being frequently 

waterlogged and inundated by seawater only at high spring 
tide. Those physical features were predicted to be the most 
likely factors that supported the growing of two dominant 
canopy species of B. cylindrica and L. racemosa. Several 
species such as A. marina, E. agallocha, and R. apiculata 
were also found on some particular points along the tidal 
streams of this sub-habitat. According to Duke et al. 
(1998), the physiological tolerance of each mangrove 
species to salinity influences its estuarine distribution.  

Unlike the estuarine sub-habitat, the physical attributes 
of the tidal-stream edge sub-habitat were largely controlled 
by seawater flowing through the tidal stream. Surface soil 
texture was mostly composed of sandy clay loam. This 
habitat was quite saline as shown by the surface salinity 
ranged from 17 to 19 ppt. These particular environmental 
characteristics were probably the factors that supported the 
survival of A. marina, B. parviflora, C. tagal, Xylocarpus 
granatum and X. Mollucensis especially the two dominant 
species of R. apiculata and B. gymnorrhiza. 

Overall, A. marina and R. apiculata had very broad 
spatial distribution, while a number of species such as A. 
ilicifolius, A. corniculatum, A. alba, B. cylindrica, B. 
parviflora, B. sexangula, C. philippensis, H. littoralis, L. 
littorea, N. fruticans, S. hydrophyllacea, S. caseolaris, S. 
ovata, X. Granatum had very limited spatial distribution in 
which each of these species occupied only one or two 
habitat types. In addition, Acrostichum aureum and A. 
speciosum, three species of Rhizophora (R. apiculata, R. 
mucronata, R. stylosa), and two species of Xylocarpus (X. 
granatum and X. moluccensis), often occurred sympatrically. 
However, the four species of Bruguiera (B, cylindrica, B. 
gymnorrhiza, B. parviflora, B. sexangula), two species of 
Lumnitzera (L. littorea and L. racemosa), three species of 
Sonneratia (S. alba, S. caseolaris, S. ovata), occupied 
clearly different types of sub-habitat. With particular 
concern to three species of Rhizophora, the most widely 
distributed mangrove trees in the Indo-West Pacific region 
(Yan et al. 2016), natural hybridization was more likely to 
occur where parental species of Rhizophora could occur 
(e.g. Setyawan et al. 2014; LungNg and Szmidt 2015).  
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Finally, the mangrove flora in Bunaken National Park 
was floristically rich with at least 27 species, and the 
broader northern distribution limit of L. littorea and L. 
racemosa, C. philippinense, S. ovata was confirmed. The 
presence of C. philippinense was of importance since 
report of this species was rare. Mangrove species were 
distributed over at least ten sub-habitat types in different 
identity and diversity. The low ground slope appeared to be 
a likely reason for the similarity of four sub-habitat types in 
the seaward mangrove area. The presence of a high 
proportion of clay particles in the surface soil seemed to be 
characteristic of two sub-habitat types (a flat middle zone 
and a tidal stream edge) in the middle mangrove area. The 
variation in surface soil salinity might be a defining feature 
of three sub-habitat types in the landward mangrove area. 
Poor drainage, being frequently waterlogged and inundated 
by seawater only at high spring tide seemed to be a 
characteristic of estuarine sub-habitat. Meanwhile, a sandy 
clay loam of soil texture and a relatively high surface soil 
salinity were the physical attributes of a tidal-stream edge 
sub-habitat.    
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Abstract. Elfirta RR, Falah S, Andrianto D, Lastini T. 2018. Identification of active compounds and antifungal activity of Toona sinensis 
leaves fractions against wood rot fungi. Biodiversitas 19: 1313-1318. Inhibitory activities of surian or toon (Toona sinensis) leaves 
fraction origin Sumedang, West Java, Indonesia against wood rot fungi (Ganoderma boninense IPBCC 10.658, Trametes versicolor 
InaCC F200, and Phanerochaete chrysosporium IPBCC 93.259) were studied. The samples were macerated using methanol and 
acetone. The results of brine shrimp lethality test (BSLT) showed that the methanol extract had the highest cytotoxicity of LC50 at 29.76 
μg/mL and inhibit the growth of G. boninense (27.78%), T. versicolor (79.26%) and P. chrysosporium (81.11%). The methanol extract 
was then subsequently fractionated using n-hexane, diethyl ether, and ethyl acetate respectively. The diethyl ether fraction was found to 
have the highest inhibitory activity against T. versicolor (46.30%) and P. chrysosporium (81.11%). This fraction was further separated 
using column chromatography and analyzed using thin layer chromatography (TLC), which gave six fractions. Antifungal test exhibited 
that fraction 5 had the highest antifungal properties against T. versicolor (74.07%) and P. chrysosporium (80.37%). Inhibition of P. 
chrysosporium resulted in abnormal growth of hyphae morphology as indicated by changes in its growth direction and excessive hyphae 
branching. Additionally, the results of LC-MS/MS experiment indicated toon leaves fraction 5 which contains N-[2- (D-
Glucopyranosyloxy)ethyl]-2-hydroxy-N-[2hydroxy3 (octadecyloxy) propyl] butanamide dan Brucine compounds that were regarded as the 
antifungal compounds. 

Keywords: Antifungal, surian, Toona sinensis, wood rot fungi 

INTRODUCTION 

Fungal attack is one of the biological factors of wood 
decays that must be controlled. Naturally, there are three 
types of wood rot fungi, i.e., white rot fungi, brown rot 
fungi and soft rot fungi. These fungi are capable of 
degrading the lignin component of the wood. The white rot 
fungi can degrade lignin, while brown rot fungi can break 
down cellulose and leave the lignin. The soft rot fungi 
accounted for making microscopic cavities inside the wood 
which make it softer; it is less aggressive decomposers on 
wet wood. White rot fungi, a group of wood rot fungi is 
reported to cause severe wood decays on industrial plant 
forests. Ganoderma sp. fungus was responsible for root 
decay of A. mangium in Sumatera, P. falcataria in Central 
Java and A.chinensis in West Java (Herliyana et al. 2012). 
Penetration of Ganoderma in host begins by degrading cell 
wall of root or basal stem enzymatically followed by tissue 
colonization. Microscopically, the success of penetration 
was evidenced by its swelling in epidermis (Suryantini and 
Wulandari 2018). Although the use of synthetic pesticide 
was useful to prevent the wood decay, it could potentially 
pollute environment due to its non-biodegradable 
properties. It contains chemicals derived from mineral and 
crude oil. Development of natural pesticide containing 
antifungal compounds must be carried out. Natural 
compounds are generally environmental friendly. 

Surian or toon (Toona sinensis) is highly potent in 
comparison with other plants in West Java, but toon leaves 
only become the waste products of wood processing and 
has not been utilized properly. Empirically, almost all parts 
of the toon tree include leaves, seeds, bark, root bark, and 
sapwood has been used as traditional medicine in various 
countries (Shu et al. 2008). The toon leaves were reported 
to contain several bioactive compounds such as flavonoid, 
polyphenol, tannin, alkaloid, steroid, and terpenoid (Falah 
et al. 2015). Monisa (2016) reported that the ethanol extract 
of toon leaves contained 9.35 mg/g tannin that is associated 
with some biological activities including antifungal, 
antibacterial, antidiabetes, antitumor, antivirus, antioxidant, 
antihypertension, and antinematode (Hiyasih et al. 2002). 
Meanwhile, 0.3 mL methanol extract of toon leaves at dose 
of 10% (b/v) caused mortality of X. festiva larvae by 85% 
(Hidayati et al. 2013). This research was expected to 
provide scientific information about the utilization of 
bioactive compounds from toon leaf fraction as natural 
pesticide against wood rot fungi. The objective of this 
research was to determine the inhibitory activity, and 
identification of active compounds from toon leaves 
fractions as antifungal agent against wood rot fungi 
(Ganoderma boninense, Phanerochaete chrysosporium, 
and Trametes versicolor). 
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MATERIALS AND METHODS 

Study area 
This study was conducted from July 2017 to March 

2018 at the Laboratory of Department Biochemistry and 
Department Biology, Faculty of Mathematics and Natural 
Sciences, Bogor Agricultural University, Bogor, Indonesia. 

Materials  
The leaves (moisture content of 9.31%) were obtained 

from 30-year-old toon (Toona sinensis) tree in  Regency of 
Sumedang, West Java, Indonesia. Samples were macerated 
using methanol and acetone solvents. The leaves extract 
was successively fractioned using n-hexane, diethyl ether, 
ethyl acetate, and water. The wood rot fungi Ganoderma 
boninense IPBCC 10.658, Trametes versicolor InaCC F200 
and Phanerochaete chrysosporium IPBCC 93.259 were 
used. Other experimental materials included 
chromatography Potato Dextrose Agar (PDA), silica gel 60 
G (230 mesh) Merck. All materials were sigma grade or 
equivalent. The laboratory glasswares were sterilized using 
autoclave at 121ºC (Tomy Model Es 315). The morphology 
of hyphae was observed under binocular microscope 
(Olympus CX3L). LC-MS/MS experiment using LC 
System Ultra Performance Liquid Chromatography dan 
Mass Spectrophotometry Electrospray Ionization. 

Procedures 
Extraction of toon leaves 

The sample was macerated using methanol or acetone 
(1:10 ) and shook in a 150 rpm shaker for 24 h. The filtrate 
was then evaporated using rotary vacuum evaporator at 50°C. 

Cytotoxicity test using Brine Shrimp Lethality Test (BSLT)  
The cysts of Artemia salina were hatched in 100 mL of 

seawater for 48 h. The larvae obtained were then placed 
into a test tube, followed by addition of 1000 μL of sample 
solution at concentration of 5-1000 μg/ml. Each sample 
solution was carried out at triplicates. The dead larvae were 
counted after 24 h of sample exposure. The probit analysis 
was conducted to determined LC50 values at confidence 
level of 95% (Meyer et al. 1982).  

Extract fractionation 
A total of 2 g toon leaves extract was dissolved in 100 

mL of water at 50°C. The solution was then transferred into 
a separating funnel and subsequently fractioned by addition 
of n-hexane (100 mL) to obtain n-hexane fraction and 
water fraction. The water fraction was then re-fractioned 
using diethyl ether and ethyl acetate. All resulting fractions 
(n-hexane, diethyl ether, ethyl acetate, and water) were 
evaporated using rotary vacuum evaporator (Kim et al. 
2008). 

Fractionation by column chromatography  
The 21.5 cm diameter column was packed with 20 g 

silica gel G 60 (230 mesh) Merck. 1 g extracts were then 
introduced with the packed column. Three types of mobile 
phase were used, i.e., n-hexane, diethyl ether, and 
methanol. Eluent was collected in a 10-mL test tube and 

analyzed by thin layer chromatography (TLC). The eluted 
fraction with similar Rf value was collected and evaporated 
using rotary vacuum evaporator. 

 
 
Figure 1. Determination of radial diameter of rot fungi colony 
(Winara 2014) 

Determination of antifungal activity 
The PDA (4 mL) sterile and leaves extract (1 mL) were 

mixed in 6-cm petri dish. The 7-day-old experimental 
fungus (at diameter of 5 mm) were inoculated at the center 
of petri dish, followed by incubation for 3-7 days at room 
temperature (Jemi et al. 2010). The hexaconazole (100 
ppm) and water were used as positive control and negative 
control, respectively. The inhibitory activity was 
determined when mycelium in the control treatment fully 
covered the medium surface in petri dish (Figure 1).  

The colony diameter and antifungal activity were 
determined as follow: 

 

   

 

 
Where:  
AFA = antifungal activity (%)    
GC = mycelium growth in control treatment (mm)  
A = initial mycelium growth (mm) 
GT = mycelium growth in leaf extract treatments (mm) 

Microscopic observation of fungal hyphae 
The fungal mycelium (taken from inhibitory zone) was 

placed on the object glass. The preparation was set on wet 
tissue and incubated for 3 days at room temperature and 
observed under binocular microscope at magnificent of 
400×. 

Identification of active compounds using Liquid 
Chromatography-Mass Spectrometry and Tandem Mass 
(LC-MS/MS) 

LC-MS/MS analysis was performed by gradient elution 
with a flow rate of 0.2 mL/min. The injected volume of 
samples was 5 μL, and analysis was performed for 23 min 
at 50°C.  

Data analysis 
Determination of LC50 in BSLT using probit analysis at 

confidence level of 95%. The quantitative data were 
analyzed using Analysis of Variance (ANOVA). When the 
result is significantly then Tukey Test was applied. The 
analysis was conducted using Minitab 16. 
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RESULTS AND DISCUSSION 

Cytotoxicity test  
The results of probit analysis at confidence level of 

95% showed that LC50 values of methanol and acetone 
extract of toon leaves were 29.76 ± 1.20 μg/mL, 102.37 ± 
3.41 μg/mL, respectively.  

Antifungal activity of crude surian leaf extract 
The result of antifungal activity showed that the effect 

of methanol extract was greater than that of hexaconazole 
as well as the positive control. The inhibitory activity of the 
extract against P. chrysosporium, T. versicolor and G. 
boninense was 81.11 ± 0.00%, 79.26 ± 2.31%, and 27.78 ± 
1.92%, respectively, while hexaconazole seemed to have 
lower antifungal activity against the experimental fungi, 
namely 80.07 ± 0.95%, 76.09 ± 0.48%, and 29.89 ± 0.10%. 
The results showed that the antifungal activity is affected 
by the crude extracts significantly (ρ <0.05). However, the 
crude extracts did not significantly affect (ρ > 0.05) G. 
boninense (Table 1).  

Liquid-liquid fractionation and antifungal activity 
The resulting fraction was then tested for antifungal 

activity against P. chrysosporium and T. versicolor (Table 
2). The results indicated that diethyl ether fraction of toon 
surian leaves showed the highest inhibitory activity against 
P. chrysosporium (80.74 ± 0.64 %) and T.versicolor (46.30 
± 1.28 %). The results showed that the antifungal activity 
were significantly (ρ ˂0.05) effected by the various fraction 
extract. 

Column chromatography  
Fractionation by column chromatography was 

performed to the fraction that had the highest antifungal 
activity, i.e., diethyl ether extract. Our experiment yielded 
39 vial tubes of eluate and was further tested using TLC 
(observed under 254 UV light to appear the spots). 
Retardation factor (Rf) value of each spot was determined 
and pooled, which gave 6 fractions. They were then tested 
for antifungal activity against P. chrysosporium and T. 
versicolor. The results indicated that there was significant 
difference (ρ ˂0.05) in the antifungal activity of the 
chromatography fraction extracts. 

Table 1. Inhibitory activity of crude methanol extract, acetone 
extract, and hexaconazole against Phanerochaete chrysosporium 
Trametes versicolor, and Ganoderma boninense 
 
Crude 
extracts 

Antifungal activity (%) 
P. chrysosporium T. versicolor G. boninense 

Methanol 81.11 ± 0.00a 79.26 ± 2.31a 27.78 ± 1.92a 
Acetone 44.41 ± 1.06b 36.30 ± 0.32b 16.30 ± 0.64a 

Hexaconazole  
(+ control) 

80.07 ± 0.95a 76.09 ± 0.48a 29.89 ± 0.10a 

Note: The values of antifungal activity represented mean ± 
standard error for 3 replicates; Antifungal activity with different 
superscript alphabetic letters was significantly different at < 0.05 
by Tukey test 
 
 
Table 2. Antifungal activity of liquid-liquid fractionation against 
Phanerochaete chrysosporium and Trametes versicolor 
 

Fraction 
Antifungal activity (%) 

P. chrysosporium T. versicolor 
n-Hexane 66.67 ± 1.92b 35.56 ± 0b 
Diethyl ether 80.74 ± 0.64a 46.30 ± 1.28a 
Ethyl acetate 55.19 ± 3.57c 16.67 ± 1.11c 
Water 50.19 ± 0.85c 4.26 ± 0.32d 
Note: The values of antifungal activity represented mean ± 
standard error for 3 replicates; Antifungal activity with different 
superscript alphabetic letters was significantly different at < 0.05 
by Tukey test 
 
 
Table 3. Antifungal activity of toon leaves fraction after column 
chromatography fractionation against Phanerochaete 
chrysosporium and Trametes versicolor 
 

Fractions 
Antifungal activity (%) 

P. chrysosporium T. versicolor 
1 1.85 ± 1.28d 32.59 ± 0.64c 
2 58.15 ± 4.21b 21.85 ± 0.64d 
3 50.00 ± 1.11c 39.63 ± 2.31b 
4 77.04 ± 0.64a 42.59 ± 0.64b 
5 80.37 ± 0.64a 74.07 ± 0.64a 
6 1.85 ± 0.64d 6.30 ± 2.31e 
Note: The values of antifungal activity represented mean ± 
standard error for 3 replicates; Antifungal activity with different 
superscript alphabetic letters was significantly different at < 0.05 
by Tukey test 

 
 
 

   
 
Figure 2. Microscopic figure of Phanerochaete chrysosporium hyphae: Left: wild culture, middle and right: fungus hyphae after 
exposed to toon leaves fraction 
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Microscopic morphology of hyphae  
 The fungal hyphae of P. chrysosporium were observed 
since it was most inhibited by the fraction 5. The results 
showed that addition of toon leaves fraction could affect 
hypha morphology, including changes in its growth 
direction and excessive hypha branching. 

Identification of active compounds using LC-MS /MS 
Analysis of LC-MS /MS chromatogram showed that the 

fraction 5 was comprised of some compounds (Figure 3). 
LC-MS/MS chromatogram displayed 21 peaks with  

different molecular weights. Our experiment successfully 
identified about 11 metabolite compounds in the fraction 5 
(Table 4). The highest peak in chromatogram was found at 
retention time of 12.431 min with molecular weight of 
634.4530 m/z. This compound presumably represents N-[2- 
(D-Glucopyranosyloxy) ethyl]-2-hydroxy-N-[2-hydroxy3 
(octadecyloxy) propyl] butanamide. Furthermore, a peak at 
retention time of 3.032 min was attributed to secondary 
metabolite of indole alkaloid, Ajmalicine. Another alkaloid 
compound, Brucine was also detected at retention time of 
3.650 min with molecular weight of 395.1986 m/ z. 

 
 
 
 
 
 
 

 
 
Figure 3. Chromatogram of the fraction 5 
 
 
 
 
 
 
Table 4. Identified compounds of LC-MS / MS chromatogram from toon leaves fraction 5 
 

No. 
Retardation 

time  (Rt) 
Molecular 

weights (m/z) 
Regarded compounds 

Intensity 
(%) 

.  
   1 3.032 353.1855 Ajmalicine 0.96 

2 3.650 395.1986 Brucine 3.70 
3 7.423 530.2987 1,3,4,6-Tetra-O-acetyl-2-deoxy-2- (dodecanoylamino) hexopyranose 1.93 
4 9.286 397.1719 4-[(Z)-{[4,6-Di (1-pyrrolidinyl)-1,3,5-triazin-2yl] hydrazono}methyl]-2-

nitrophenolate 
0.63 

5 10.384 270.1827 Orphenadrine 1.82 
6 11.013 304.3010 2,4-Dimethyl-6-tetradecylpyrylium 1.08 
7 11.596 496.3403 1- (β-D-Arabinofuranosyl)-4- (heptadecanoylamino)-2 (1H)-pyrimidinone 0.72 
8 11.928 482.3585 1-{(2R,3S,5S)-3-Amino-2-hydroxy-5-[4-methoxy-3- (3-methoxypropoxy) 

benzyl] -6-methylheptyl}-3-pentylurea 
0.02 

9 12.431 634.4530 N-[2- (D-Glucopyranosyloxy)ethyl]-2-hydroxy-N-[2-hydroxy-3(octadecyloxy)  
propyl]butanamide 

7.98 

10 13.574 609.2687 3,8,13,17-tetramethyl-12-vinyl-2,7,18-Porphinetripropionic acid 0.01 
11 14.191 593.2799 1-(1-{4-[6-(1-Methyl-1H-tetrazol-5-yl)-3-phenyl-2-quinolinyl]bezyl}-4-

piperidinyl)-1,3-dihydro-2H-benzimidazol-2-one 
6.49 

.     
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Discussion 
Clarkson et al. (2004) reported that the extract is 

considered as non-cytotoxic at LC50 > 1000 μg/mL, low 
cytotoxicity at LC50 500-1000 μg/mL, moderate 
cytotoxicity at LC50 100-500 μg/mL, and high cytotoxicity 
at LC50 < 100 μg/mL. Based on these criteria, crude 
methanol extract of toon leaves was highly cytotoxicity 
(LC50 ≤ 100 μg/mL), while acetone extract of toon leaves 
was attributed to moderate cytotoxicity (LC50 100 > 500 
μg/mL). Sari et al. (2011) reported that the ethanol extract 
of toon leaves classified as toxic at LC50 of 35.76 μg/mL, 
while the ethanol extract of toon inner bark was highly 
toxic at LC50 of 34.35 μg/mL and the ethanol extract of 
toon sapwood exhibited higher toxicity at 12.37 LC50 of 
μg/mL. These findings suggest that toon leaves extracts 
obtained using organic solvent extraction was highly 
cytotoxicity. Brine shrimp lethality test (BSLT) was 
performed to evaluate bioactivity of an extract (Colegate 
and Molyneux 2007), including anti-microorganism, 
anticancer, antitumor, and antimalaria. In our study, BSLT 
was applied to determine concentration that showed the 
lowest toxicity for evaluation of antifungal activity. 

In this present work, two solvents were used in 
maceration, i.e. methanol and acetone. With its high 
polarity, methanol was expected capable of extracting 
antifungal compounds. Presence of hydroxyl and methyl in 
methanol contributes to binding of polar, semi-polar, and 
non-polar components. Furthermore, acetone is a polar 
aprotic solvent with moderate polarity. This solvent enables 
to dissolve bioactive compounds such as phenolic, 
triterpenoid, steroid, flavonoid, and saponin. The methanol 
and acetone extracts of toon leaves were tested for 
antifungal activity against P. chrysosporium, T.versicolor, 
and G. boninense. Both extracts were applied at 
concentration of 30 μg/mL as obtained from LC50 values of 
methanol extract of toon leaves. Antifungal activity was 
determined according to mycelium growth compared to 
control. The positive control was hexaconazole, which is a 
commercial pesticide, and prepared at concentration of 100 
μg/mL as recommended dose for rot fungi. Methanol is 
capable of dissolving secondary metabolites such as tannin. 
Tannin has hydroxyl groups and double bonds α-β that are 
responsible for its antimicrobial properties. These hydroxyl 
groups could alter biosynthesis of cell wall and membrane 
in fungal cells. Monisa (2016) reported that tannin found in 
toon leaves extract was regarded as hydrolyzed tannin. 
Saeida et al. (2015) reported that pyrogallol, a form of 
hydrolyzed tannin, exhibited biological activities of 
fungicidal. The antifungal activity of acetone extract 
against P.chrysosporium, T. versicolor, and G. boninense 
was 44.41 ± 1.06 %, 36.30 ± 0.32%, and 16.30 ± 0.64 %, 
respectively. Valima et al. (2007) found that acetone could 
dissolve lignan and stilbene in genus Pinus that could serve 
as antifungal agent. The antifungal properties of the genus 
Pinus closely related to content of stilbene and marginal 
activity of lignan against fungi. Therefore, antifungal 
activity of acetone extract may be linked with presence of 
lignan and stilbene extracted by acetone.  

The methanol extract of toon leaves with the highest 
inhibitory activity was subsequently fractioned using 4 

solvents having gradual polarity, i.e. n-hexane (0.1), diethyl 
ether (2.8), ethyl acetate (4.4), and water (10) (Markom et 
al. 2007; Brown et al. 2015). Non-polar solvents enable to 
bind wax, lipid, and essential oils. Semi-polar solvents are 
capable of extracting phenol, terpenoid, alkaloid, aglycon, 
and glycoside, while polar solvents could extract alkaloid, 
phenolic, carotenoid, tannin, amino acid, and glycoside. 
The resulting fraction was then tested for antifungal 
activity against P. chrysosporium and T. versicolor (Table 
2). The results indicated that diethyl ether fraction of toon 
leaves showed the highest inhibitory activity against P. 
chrysosporium and T.versicolor. Diethyl ether can dissolve 
terpenoid compounds. The antifungal mechanism of 
terpenoid is through alteration of membrane permeability. 
Terpenoid plays a role in penetrating other secondary 
metabolites into fungal membrane. Bioactivity of a 
compound could be affected by presence of other 
compounds, resulting in some interactions such as 
synergistic, anti-synergistic, or complementary. The 
antifungal activity of n-hexane fraction of toon leaves 
against P.chrysosporium and T.versicolor reached 66.67 ± 
1.92% and 35.56 ± 0%, respectively. Jemi et al. (2010) 
found that n-hexane extract of Kupa S. polycephalum (Mig) 
wood had the highest antifungal activity against S. 
commune Fr, while its ethyl acetate fraction could retard 
growth of Pleurotus sp. Duraipandiyan and Ignacimuthu 
(2011) reported that n-hexane extract of S. cumini leaves 
was able to inhibit the growth of T. simil, E. floccosum, T. 
rubrum and M. grisea fungus. The n-hexane extract from S. 
samarangense contain coumarins, saponins, steroids 
compounds that can inhibit the growth of fungi (Kuo et al. 
2004). Antifungal activity of ethyl acetate fraction of toon 
leaves against P. chrysosporium and T. versicolor was 
55.19 ± 3.57% and 6.67 ± 1.11%, respectively. Yuh-Chi et 
al. (2004) found that ethyl acetate extract of Syzygium 
samarangense contained flavonoid and quinone that had 
antifungal properties. Phenolic compound was reported 
capable of denaturating cellular protein and inducing cell 
wall shrinkage, thus causing lysis. Presence of hydroxyl 
group in phenolic compound could also form linkage with 
sulphydryl group in fungal protein, altering protein 
conformation of the cell wall in fungi.  

Fractionation by column chromatography was 
performed to the fraction that had the highest antifungal 
activity. The selected sample was diethyl ether fraction 
with antifungal activity against P. chrysosporium and T. 
versicolor. The 1.5 cm diameter and 30 cm height column 
are packed with 20 g silica gel 60 (230 mesh) Merck, 
which was first suspended in n-hexane for 3 h. The solvent 
system for mobile phase was prepared in gradient, aiming 
to induce faster component movement. The aluminum plat 
of silica gel was polar which could bind polar compounds. 
When the compound is non-polar, it is then faster moved at 
presence of non-polar solvent, vice versa. During elution, 
the first flushed component was non-polar compound 
(eluted with n-hexane), then semi-polar compound (eluted 
with mixture of n-hexane and ethyl acetate) and lastly 
followed by polar compound (eluted with methanol). The 
resultant of separating process was collected in vial tube 
(final volume of 10 mL for each eluate). Our experiment 
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yielded 39 vial tubes of eluate and was further tested using 
TLC (observed under 254 UV light to appear the spots). 
Retardation factor (Rf) value of each spot was determined 
and pooled. The spots with similar Rf was pooled, which 
gave 6 fractions. The results showed that fraction 5 had the 
highest inhibitory activity against P. chrysosporium and T. 
versicolor compared to other fractions. The fraction 5 was 
then used for microscopic morphology observation of 
hyphae and analysis of bioactive marker compounds using 
LC-MS /MS. 
 The results of microscopic morphology observation 
showed that addition of toon leaves fraction could affect 
hypha morphology, including changes in its growth 
direction and excessive hypha branching (Figure 2). This is 
caused by detrimental effects of secondary metabolite on 
culture medium. Other morphological changes included 
swelling hyphae, shrinkage, circular and excessive growth 
of hyphae (Hu et al. 2003). The mechanism of antifungal 
compounds may vary, including the neutralization of 
enzyme related to fungal invasion, destruction of fungal 
cell membrane, reduction of enzymatic activity regulating 
growth of hyphae, and altering nucleic acid and protein 
synthesis (Djunaidi 2008). The results of LC-MS/MS 
experiment indicated toon leaves fraction 5 contains N-[2- 
(D-Glucopyranosyloxy)ethyl]-2-hydroxy-N-[2hydroxy3 
(octadecyloxy) propyl]butanamide and Brucine which may 
relate to the antifungal properties of the fraction 5 (Figure 3). 
Mallikharjuna and Seetharam (2009) reported that Brucine 
compound had antifungal activity against A. niger, A. 
fumigatus, C. albicans and M. gypseum fungi.  

In conclusion, the research showed that the toon leaves 
fraction has inhibitory activity against wood rot fungi. 
Addition of toon leaves extracts altered the direction of 
hypha growth and induced excessive hypha branching of 
P.chrysosporium. The LC-MS/MS experiment showed that 
the fraction 5 of toon leaves extract contained N-[2- (D-
Glucopyranosyloxy) ethyl]-2-hydroxy-N-[2-hydroxy3 
(octadecyloxy) propyl]butanamide and Brucine compounds 
that were regarded as the antifungal compounds, which have 
not yet been reported. 
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Abstract. Zarkani A, Turanlı F. 2018. Short Communication: Morphological characterizations of Aphis passeriniana (Del Guercio) 
(Hemiptera: Aphididae) living on common sage in Turkey. Biodiversitas 19: 1319-1325. Aphis passeriniana (Del Guercio) (Hemiptera: 
Aphididae) living on sage plant in Turkey is already recorded, but some morphological characterizations are still needed to extend. 
Here, morphometrics data of A. passeriniana is described from apterous viviparous females (fundatrigeniae and fundatrices) attacking 
Salvia officinalis Linnaeus (Lamiaceae) in Turkey. Seventy specimens were collected in Izmir province between January 2015 and 
December 2017. The study revealed that apterous viviparous females of A. passeriniana turkish species have body lenght of 0.715-1.407 
mm, rostal segment IV+V of 1.80-2.49 × hind tibia II, antennae processus terminalis/base of 1.4-1.8, siphunculus of 0.56-1.56 × cauda 
length and cauda of 3-6 setae. Biometric data of alate viviparous and intermediate individual between apterous and oviparous, and also a 
revision of identification key for the species within aphid species in Salvia are consisted.  

Keywords: Aphis passeriniana, insect pest, Salvia officinalis, taxonomy, Turkey 

Abbreviations: ABD TERG: abdominal tergite, ANT: antenna, ANT I-V and VIb: antennal segments I-V and the base of antennal 
segment VI, ANT III BD: basal diameter of antennal segment III, BL: body length, HFem: hind femur, HTib: hind tibia, HTro: hind 
trochanter, HT II: second segment of hind tarsus, HW: head width across the compound eyes, MTu: marginal tubercles, PT: processus 
terminalis, R: rostal segment, SIPH: siphunculus, and URS: ultimate rostral segment 

INTRODUCTION 

Aphis Linnaeus, 1758, with 580 described species, is 
the largest aphid genus within the subfamily Aphidinae and 
tribe Aphidini (Remaudiere and Remaudiere 1997; Favret 
2017). This genus is easily found on shrubs and herbs, 
never on sedges (Cyperaceae), very rarely on grasses 
(Poaceae) and less on trees (Blackman and Eastop 2006). 
About 221 species from Aphis are reported in Europe 
(Nieto Nafría et al. 2017), and 69 species are in Turkey 
(Görür et al. 2012). In addition, this genus is mostly found 
in the northern hemisphere, and some native species also 
found in South America, New Zealand and Australia 
(Blackman and Eastop 2006; 2018).   

Salvia spp. (Lamiaceae) are hosts to 41 aphid species, 
but only nine species associated with Salvia officinalis 
Linnaeus, i.e., Aphis craccivora Koch, A. fabae Scopoli, A. 
passeriniana (Del Guercio), A. salviae Walker, 
Aulacorthum solani (Kaltenbach), Brachycaudus cardui 
(Linnaeus), B. helichrysi (Kaltenbach) Eucarazzia elegans 
(Ferrari), and Myzus ornatus Laing (Holman 2009). Almost 
all the aphid species are oligo-or polyphagous and just A. 
passeriniana is constantly found on Salvia spp. (Blackman 
and Eastop 2006). This Aphis species does not host 
alternate; however, it can also survive on Salvia fruticosa 
Miller, S. splendens Sello and S. verticillata Linnaeus 

(CABI 2005).  
The sage aphid, A. passeriniana, generally lives up 

growing shoots, in curled leaves and among the flowers 
(Blackman and Eastop 2006). Even though the aphid's 
potential vector of plant viral diseases has not been 
reported, the aphid attacks show virus-like symptoms; 
distortion of leaves and young shoots; dwarf plant; flowers 
and seeds undeveloped (Nieto Nafría et al. 2005). It is 
assumed to overwinter as eggs on sage of which sexual 
forms have not been described (Blackman and Eastop 
2018). This is mainly a southern European species with 
records from Germany, Italy, Spain, Switzerland, Bulgaria, 
Croatia, Hungary, and Greece, as well as Iraq and Israel 
(Stroyan 1984).  

The aphid fauna of Turkey has been surveyed 
extensively starting in the first part of the 20th century 
(Trotter 1903). However, the aphid species and host plants 
in some regions have not been fully established, and as 
result, it is likely that new and invasive species will be 
found in Turkey (Görür et al. 2012; Şenol et al. 2014; 
2015). In this study, the morphological characterizations of 
A. passeriniana as an aphid of S. officinalis in Turkey were 
reported. We extended the data of the first record of Aphis 
passeriniana (Del Guercio) (Hemiptera: Aphididae) in the 
Asia Minor peninsula reported by Barjadze (2017). 
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MATERIALS AND METHODS 

The samples were collected between January 2015 and 
December 2017. Aphid specimens were handpicked from 
sage planted in experimental fields of Field Crops 
Department, Faculty of Agriculture, Ege University (38° 
27' 16" N and 27° 13' 33" E; 29 m a.s.l) and Aegean 
Agricultural Research Institute, Menemen (38° 33' 56" N 
and 27° 3' 20" E; 11 m a.s.l), Izmir, Turkey.  

Slide mounted specimens were prepared using the 
methods of Borror et al. (1981), and the aphid species were 
studied using a Leica microscope with MShoot 1.0 version 
software installed for taking the measurements. Seventy 
quantitative characteristics of specimens were used for 
species description. Material examined were apterous 
viviparous females (45 fundatrigeniae (9.vii.2015, 
10.vii.2017 and 22.vii.2017) and six fundatrices 
(20.ii.2015, 9.ii.2016)), 15 alatae viviparous females 
(9.vii.2015, 30.vii.2016, 10.vii.2017 and 22.vii.2017) and 
four intermediate individual between apterous and 
oviparous (20.xi.2016, 11.xi.2017) with the same host plant 
and locality; collection of the Ege University, Izmir, 
Turkey. Measurements of morphological characters, ratios, 
and chaetotaxy given in this paper are those used by Nieto 
Nafría and Mier Durante (1998), Nieto Nafría et al. (2017) 
and Blackman and Eastop (2018).  

RESULTS AND DISCUSSION 

Here, a diagnosis of the Aphis passeriniana (Del 
Guercio) species and illustration of some structures to 
facilitate the identification of the Turkish specimens are 
presented.  

Apterous viviparous female 
Based on 45 specimens. Color in life mottled was dull 

green to yellowish and greenish, dark green head, brown to 
black siphunculi and brownish cauda (Figure 1.A). Very 
small aphids, 0.72 to 1.41 mm long. ANT III-IV was brown 
and others were dark, rostrum was slightly dusky. In 
mounted specimens (Figure 2.A), head, prothorax, 
siphunculi and cauda were less pigmented; dorsal 
pigmentation on other thoracic and abdominal segments 
were practically absent, only transversal bars sometimes 
present on abdominal segments I, III and V. Head: smooth 
dorsally and ventrally, with three pairs of acuminate setae 
on dorsum, occasionally one setae added on anterior pair, 
longest setae was almost longer than ANT III BD; front 
sinuosa shaped, median tubercles of frons undeveloped; 
acuminate setae on frons and vertex were longer than 
dorsal setae. Antennae consisted of five or six antennal 
segments (Figure 6), 0.41 to 1.04 mm long, 0.5 to 0.8 times 
body length, without secondary sensoria. Processus 
terminal was 1.4 to 2.4 times the base of last antennal 
article V or VI. Rostrum (0.25 to 0.44 mm) was reaching 
the hind coxae. URS was 0.09 to 0.14 mm, 2.0 to 4.2 times 
its basal width and 1.7 to 2.5 times HT II, with two to four 
complementary short setae. Thorax: pronotum smooth with 
one spinal setae and one marginal setae close to marginal 

tubercles on each side. Hind coxa was smooth with about 
six acuminate setae; posterior setae on hind trochanter was 
0.5 to 1.0 times as long as width of trochanter-femoral 
joint; hind femur was smooth, bearing anterior setae and 
posterior setae were similar in size, longest setae of the 
later was 0.2 to 0.6 times as long as middle width of 
segment; longest setae on tibiae was 0.6 to 1.2 times as 
long as middle width; tarsal formula was 2.2.2; second 
segment of hind tarsus imbricate consisted of three pairs of 
setae. Abdomen: dorsum was smooth, membranous with 
eight setae on each segment of terga I-VI; terga I, VII with 
small marginal tubercles; small and oval marginal papillae 
on prothorax (0.008 to 0.020 mm diameter), and the 
abdominal segment I and VII (0.007 to 0.013 mm 
diameter). Abdominal segments I-VI consisted marginal 
sclerites; II-V sclerites bear two hairs. Genital plate was 
less pigmented on its distal zone, bearing two to five distal 
setae and eight to 12 marginal-posterior setae. Cauda 
(Figure 3.E) was triangular to fingerlike (somewhat 
narrowed in its basal half), 1.0 to 2.1 times its basal width, 
bearing a lot of strong black spinules and three to six long, 
robust and curved setae of 0.035 to 0.069 mm. Siphunculi 
(Figure 3.F) were short (0.08 to 0.21 mm, 0.08 to 0.16 
times body length and 0.6 to 1.6 times cauda length) and 
curved inside; its apical flange was inconspicuous or 
lacking. Other characteristics are summarized in Table 1. 

Fundatrix 
From six specimens. Similar to the fundatrigeniae when 

both alive and mounted. Antennae with six segments; 
antennal length was close to alate, but the ratio of ANT 
PT/VIb was close to fundatrigeniae. Cauda was wider and 
longer than fundatrigeniae and alatae (Figure 3.A). In 
mounted specimens, siphunculus and spiracle were darker 
and larger than fundatrigeniae (Figure 3.B). Marginal 
papillae were similar in distribution and size to the 
fundatrigeniae. Other characteristics are summarized in 
Table 1. 

Alatae viviparous female 
From 15 specimens. Color in life: thorax and head were 

dark or black, antennae and femora were more extensively 
and evenly pigmented, abdomen was similar in appearance 
to apterous specimens (Figure 1.B). Median tubercle of 
frons was well developed. Marginal tubercle was similar to 
the apterous females; present on abdominal segments I and 
VII. Antennal article III with three to seven (sometimes 
different on each pair) was irregular secondary sensoria 
(Figure 2.E), rounded and almost in line on side; no 
secondary sensorium on antennal IV. Forewing broad was 
2.4 to 2.9 times as long as its maximum width and very 
scaly; sub close to radius costa. Genital plate was less 
pigmented on its distal zone, bearing two to five distal 
setae and six to 12 marginal-posterior setae. Cauda was less 
robust and more triangular than others with five to six setae 
(Figure 3.C). Siphunculus and its basal width were less 
than those of apterous females (Figure 3.D). Other 
characteristics are summarized in Table 1. 
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Intermediate individual between apterous and oviparous 
female  

Based on four specimens. Color in life was as in 
apterous viviparous female. The mounted specimen was of 
similar pigmentation to apterous viviparous females and 
also with genital plate pale in the middle. Antennae 
consisted of six articles. Median tubercle on frons was 
developed. Marginal tubercles was smaller (0.0076 to 
0.0136 mm diameter) than apterous viviparous females. 

Hind tibia was swollen with 12 to 18 scent plates of 
different size and shape (Figure 2.B). Genital plate 
comprised of 13 to 15 distal and 18 to 20 poster setae. 
Cauda consisted of five setae (Figure 3.G), was similar in 
size and shape to the apterous viviparous setae. Siphunculi 
was identical to those of apterous viviparous females but 
darker in color (Figure 3.H). Other characteristics are 
summarized in Table 1. 

 
 
 

 
 

Figure 1. Apterous and alatae of Aphis passeriniana (Del Guercio). A. Apterous viviparous female fundatrigeniae, B. Alatae viviparous 
female, C. Aphid colonies, D. Aphid attacks on plant 

 

 
 
Figure 2. Aphis passeriniana (Del Guercio): A. Apterous viviparous female, B. Hind tibia of intermediate individual between apterous 
and oviparous female, C. Alatae viviparous female, D. Six-segmented antenna of apterous viviparous female, E. Six-segmented antenna 
of alatae vivipara 
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Figure 3. Siphunculi and cauda of Aphis passeriniana (Del Guercio). A-B. Fundatrix; C-D. Alatae viviparous female; E-F: Apterous 
viviparous female; and G-H. Intermediate individual between apterous and oviparous female 
 
 
Table 1. Biometric data of Aphis passeriniana (Del Guercio), abbreviations are explained in the article note 
 

Parameter 
Fundatrigeniae 

(n=45) 
Fundatrices 

(n=6) 
Alatae female 

(n=15) 
Intermediate 

individual (n=4) 
Range Mean Range Mean Range Mean Range Mean 

Body (mm) 0.715-1.308 1.043 1.315-1.407 1.366 0.959-1.455 1.148 1.164-1.186 1.172 
HW (mm) 0.244-0.365 0.297 0.329-0.392 0.358 0.269-0.342 0.289 0.316-0.326 0.323 
Head frons setae (mm) 0.036-0.036 0.023 0.017-0.034 0.025 0.008-0.032 0.019 0.023-0.024 0.024 
Head dorsal setae (mm) 0.024-0.024 0.017 0.017-0.030 0.023 0.011-0.021 0.017 0.018-0.021 0.019 
ANT I (mm) 0.030-0.048 0.040 0.041-0.057 0.050 0.037-0.053 0.042 0.037-0.039 0.039 
ANT II (mm) 0.027-0.049 0.039 0.051-0.058 0.054 0.040-0.066 0.046 0.039-0.041 0.040 
ANT IlI (mm) for specimens with 5 segments 0.126-0.258 0.189 - - - - - - 

A B 

C D 

E F 

G H 
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ANT III (mm) 0.100-0.188 0.143 0.225-0.292 0.251 0.147-0.309 0.193 0.110-0.111 0.111 
BD III (mm) 0.013-0.023 0.018 0.020-0.031 0.026 0.012-0.021 0.015 0.018-0.019 0.019 
Longest hair ANT III (mm) 0.007-0.015 0.011 0.010-0.015 0.012 0.009-0.015 0.012 0.011-0.012 0.012 
ANT IV (mm) 0.052-0.111 0.080 0.146-0.190 0.159 0.076-0.184 0.111 0.094-0.095 0.094 
ANT V (mm) for specimens with 6 segments 0.061-0.110 0.082 0.128-0.152 0.139 - - - - 
ANT V (mm) for specimens with 5 segments 0.050-0.083 0.072 - - 0.081-0.175 0.102 0.092-0.093 0.093 
ANT V PT (mm) for specimens with 5 segments 0.095-0.151 0.123 - - - - - - 
ANT VI (mm) 0.062-0.094 0.075 0.090-0.113 0.100 0.055-0.109 0.085 0.088-0.089 0.088 
ANT VI PT (mm) 0.108-0.162 0.138 0.143-0.203 0.171 0.126-0.200 0.156 0.137-0.138 0.138 
ANT length (mm) 0.406-0.722 0.582 0.882-1.044 0.925 0.596-1.084 0.734 0.604-0.612 0.609 
ANT segment 5-6 6 6 6 6 6 6 6 
Rostrum (mm) 0.253-0.435 0.347 0.434-0.441 0.437 0.295-0.460 0.343 0.350-0.353 0.352 
URS its basal width (mm) 0.026-0.048 0.036 0.035-0.042 0.039 0.026-0.043 0.033 0.041-0.042 0.041 
URS (mm) 0.090-0.129 0.109 0.122-0.142 0.130 0.098-0.139 0.110 0.103-0.104 0.103 
URS setae num. 1-4 2 2-3 2 2-3 2 2 2 
HTib III (mm) 0.255-0.525 0.420 0.621-0.638 0.628 0.423-0.724 0.525 0.339-0.340 0.340 
HT II (mm) 0.041-0.066 0.051 0.062-0.078 0.068 0.047-0.072 0.053 0.060-0.061 0.060 
HFem (mm) 0.163-0.285 0.232 0.336-0.360 0.351 0.234-0.417 0.276 0.184-0.186 0.185 
HTro hair length (mm) 0.019-0.040 0.028 0.029-0.039 0.037 0.014-0.028 0.022 0.032-0.033 0.033 
HTro-Fem diameter (mm) 0.031-0.059 0.040 0.046-0.066 0.055 0.024-0.051 0.033 0.046-0.048 0.047 
Siphunculus (mm) 0.083-0.172 0.122 0.172-0.210 0.190 0.091-0.200 0.109 0.101-0.105 0.103 
Siphunculus its basal width (mm) 0.033-0.080 0.061 0.074-0.099 0.088 0.025-0.073 0.045 0.062-0.066 0.064 
Siphunculus its middle width (mm) 0.028-0.056 0.041 0.045-0.071 0.058 0.023-0.053 0.034 0.044-0.046 0.045 
Siphunculus its distal width (mm) 0.025-0.041 0.031 0.034-0.049 0.041 0.025-0.042 0.031 0.038-0.039 0.038 
Caudal its basal width (mm) 0.054-0.124 0.085 0.086-0.131 0.109 0.061-0.140 0.099 0.106-0.108 0.107 
Caudal (mm) 0.088-0.197 0.124 0.145-0.216 0.168 0.091-0.202 0.135 0.111-0.118 0.115 
Caudal hair num. 3-6 5 3-5 5 5-6 5 5 5 
Caudal setae length (mm) 0.035-0.069 0.055 0.051-0.063 0.056 0.037-0.060 0.049 0.050-0.052 0.051 
Genital distal setae length (mm) 0.014-0.041 0.030 0.024-0.048 0.032 0.017-0.038 0.026 0.024-0.027 0.026 
Genital marginal poster setae length (mm) 0.023-0.053 0.035 0.030-0.057 0.039 0.020-0.041 0.032 0.041-0.042 0.041 
Genital distal setae num. 2-5 2 2-4 3 3-4 4 13-15 13 
Genital poster setae num. 5-11 8 7-12 9 7-9 8 18 18 
Mar papilae prothorax (mm) 0.008-0.020 0.012 0.008-0.026 0.016 0.008-0.013 0.011 0.013-0.014 0.013 
Mar papillae prothorax length (mm) 0.006-0.017 0.011 0.015-0.022 0.019 0.007-0.014 0.011 0.012-0.013 0.012 
Mar papilae ABD I (mm) 0.007-0.013 0.009 0.013-0.030 0.018 0.011-0.018 0.013 0.008-0.012 0.010 
Mar papilae ABD I hair (mm) 0.011-0.021 0.016 0.000-0.000 0.000 0.008-0.023 0.016 0.014-0.018 0.016 
Mar papillae ABD VII (mm) 0.007-0.012 0.010 0.008-0.017 0.013 0.009-0.020 0.013 0.009-0.010 0.009 
Mar papillae ABD VII hair (mm) 0.010-0.026 0.017 0.000-0.000 0.000 0.010-0.017 0.015 0.021-0.024 0.022 
HFem longest setae (mm) 0.030-0.030 0.020 0.021-0.029 0.026 0.011-0.017 0.014 0.024-0.025 0.025 
HFem diametre (mm) 0.046-0.075 0.059 0.064-0.087 0.077 0.046-0.071 0.057 0.071-0.072 0.072 
HTib setae (mm) 0.018-0.038 0.027 0.027-0.400 0.033 0.016-0.029 0.023 0.037-0.038 0.037 
HTib diameter (mm) 0.027-0.045 0.034 0.035-0.052 0.044 0.027-0.042 0.031 0.048-0.051 0.049 
Forewing broad (mm) - - - - 1.323-1.922 1.588 - - 
Forewing width (mm) - - - - 0.475-0.748 0.599 - - 
ANT/Body (times) 0.46-0.79 0.57 0.64-0.76 0.69 0.54-0.75 0.62 0.52-0.53 0.052 
ANT VI PT/ANT VIb (times) 1.41-2.44 1.81 1.52-2.14 1.71 0.43-0.65 0.54 1.56-1.57 1.56 
ANT III/ANT VI PT (times) 0.79-1.36 1.04 1.30-1.75 1.48 0.97-1.79 1.24 0.80-0.81 0.80 
ANT VI PT/ANT III (times) 0.49-1.27 0.89 0.63-0.69 0.68 0.56-1.03 0.83 1.25 1.25 
Cauda/Its basal width (times) 1.04-2.15 1.49 1.39-1.69 1.55 1.03-1.70 1.37 1.04-1.10 1.07 
Head setae/BD III (times) 0.63-1.90 1.32 1-1.58 1 0.49-2.02 1.27 1.26-1.28 1.27 
Rostrum/Body (times) 0.25-0.40 0.34 0.31-0.34 0.32 0.24-0.41 0.29 0.30-0.31 0.30 
Setae ANT III/BD III (times) 0.20-0.90 0.59 0.38-0.56 0.47 0.45-1.18 0.80 0.59-0.63 0.62 
Setae HTro/Diameter HTro (times) 0.48-1.05 0.72 0.54-0.84 0.67 0.51-0.90 0.66 0.68-0.72 0.69 
Setae HFem/Diameter HFem (times) 0.22-0.58 0.37 0.24-0.46 0.35 0.18-0.31 0.25 0.35 0.35 
Setae HTib/Diameter HTib (times) 0.56-1.18 0.81 0.57-0.92 0.76 0.39-0.92 0.73 0.73-0.77 0.76 
Siphunculus/Its width in the middle (times) 1.92-4.24 3.04 2.43-4.54 3.36 2.75-3.93 3.21 2.20-2.31 2.27 
Siphunculus/Cauda (times) 0.56-1.56 1.00 0.95-1.40 1.15 0.59-1.43 0.83 0.88-0.92 0.90 
Siphunculus/Body (times) 0.08-0.16 0.12 0.12-0.15 0.14 0.08-0.12 0.09 0.09 0.09 
Siphunculus/HT II (times) 1.85-3.23 2.37 2.50-3.04 2.75 1.65-2.76 2.02 1.65-1.76 1.71 
Siphunculus/ANT III (times) 0.58-1.13 0.86 0.71-0.82 0.76 0.33-0.74 0.57 0.92-0.95 0.93 
Siphunculus/ANT III (5 seg.) (times) 0.54-0.78 0.64 - - - - - - 
Siphunculus/HFem (times) 0.43-0.68 0.52 0.49-0.62 0.54 0.34-0.52 0.40 0.54-0.57 0.55 
HTibIII/Body (times) 0.22-0.56 0.40 0.44-0.46 0.45 0.39-0.54 0.45 0.29 0.29 
URS/Its basal width (times) 2.06-4.26 3.07 2.97-3.94 3.34 2.53-4.35 3.36 2.48-2.51 2.49 
URS/HT II (times) 1.80-2.48 2.13 1.74-2.12 1.93 1.86-2.26 2.06 1.69-1.73 1.72 
URS/ANT VIb (times) 0.68-0.96 0.80 0.67-0.88 0.77 0.62-0.91 0.71 0.75 0.75 
URS/Siphunculus (times) 0.71-1.11 0.91 0.61-0.75 0.69 0.69-1.20 1.03 0.99-1.02 1.01 
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Discussion 
Aphis passeriniana is mainly a southern European 

species with records from Germany, Italy, Spain, 
Switzerland, Bulgaria, Croatia, Hungary and Greece, as 
well as Palestine (Blackman and Eastop 2018), Iraq (Ali et 
al. 2012) and Turkey (Bardjadze 2017). The species is 
widespread but limited on host plants Salvia spp. 
(Blackman and Eastop 2006; 2018). How A. passeriniana 
entered Turkey is not clearly stated. However, it is known 
in Greece, Iraq, and Bulgaria. The species was probably 
brought not only on winds and storms (Barjadze 2017) but 
also on transportations from Bulgaria, Iraq and/or Greece 
to Turkey since Izmir is known as one of the most 
attractive touristic places in Turkey. We recorded the aphid 
population in two sage fields in Bornova and Menemen 
Districts where the species has been a most injurious pest 
in growing season 2015 and 2017, but less in 2016. At the 
time, the incidence rate of the aphid species was ranging 
from 30 to 80% (Zarkani 2018). It firstly emerges on 
shoots in the early spring and then spreads to all aerial parts 
of the plants S. officinalis. In some outbreaks, A. 
passeriniana colonies are found in mixed populations with 
E. elegans. The signs and symptoms of aphid attack are the 
distortion of young shoots and leaves with no wilting, 
curling and turning yellow; honeydew on leaves and bud 
flowers with black sooty mold; stunted plants; undeveloped 
flowers and hollow seeds (Figure 1d). Symptoms of virus 
disease on the plant are still unknown (Blackman and 
Eastop 2018). 

The aphid species is also found hosting on S. fruticosa 
(greek sage), S. splendens (scarlet-flowered sage) and S. 
verticillata (lilac sage) in Izmir. Ants (Formicidae: 
Formicinae) often attend the aphid colonies. Apterous 
forms display thanatosis when disturbed. This study, 
furthermore, restated that six aphid species: Aphis 
craccivora Koch, A. fabae Scopoli, A. passeriniana (Del 
Guercio), Aulacorthum solani (Kaltenbach), Eucarazzia 
elegans (Ferrari) and Myzus ornatus Laing; out of nine 
aphid species recorded on S. officinalis in the world are 
now in Turkey.  

Apterous viviparous females of A. passeriniana turkish 
species have comparatively longer URS and SIPH/cauda, 
and shorter antennae PT/BASE than the same aphid species 
reported by Stroyan (1984) and Blackman et al. (2006). It 
was evident that the Turkish species has BL 0.715-1.407 
mm, R IV+V 1.80-2.49 × HT II, ANT PT/BASE 1.4-1.8, 
SIPH 0.56-1.56 × cauda length and cauda with 3-6 setae 
whilst the general morphology of A. passeriniana described 
in outside Turkey has BL 1.2-1.8 mm, R IV+V 1.54-2.02 × 
HT II, ANT PT/BASE 1.7-2.5, SIPH 1.38-2.23 × cauda 
length and cauda with 4-7 setae. These morphological 
diversities may probably be explicable as the 
environmental/geographical variation which the 
phenomena have been resulted polymorphism studies in 
many insect species (e.g., Dobzhansky 1933; Rohacek 
2012; Kawakami et al. 2013). 

Aphis passeriniana morphological forms can easily be 
separated from some species living on common sage, S. 
officinalis, using the following key (after Blackman and 
Eastop 2018): 

1. Dorsal abdomen with extensive dark sclerotization on ABD 
TERG 1-6, with pale polygonal reticulation ........................ .2 

- BD TERG 1-6 pale or with only small scattered dark sclerites 
 .............................................................................................. 3 

2. R IV+V 0.87-1.18 × HT II (rarely more than 1.1×)  ............... 
 ..................................................................... Aphis craccivora 

- R IV+V 1.1-1.42 × HT II (usually at least 1.13×)  ................. 
 ........................................................................... Aphis salviae 

3. R IV+V 0.19-0.23 mm, 2.0-2.2 × HT II. Marginal abdominal 
hairs 78-103 μm long, 3-4 × ANT BD III. MTu present on 
ABD TERG 1 but often absent from ABD TERG 7 Aphis raji 

- Without that combination of characters ................................ 4 

4. R IV+V with 5-7 accessory hairs. ANT PT/BASE 1.5-1.8. 
SIPH pale, or dark only at apices ......................Aphis ramona 

- R IV+V with 2 (-3) accessory hairs, and other characters not 
in that combination ............................................................... 5 

5. R IV+V 1.50-2.49 × HT II. ANT PT/BASE 1.4-2.5. SIPH 
0.56-2.23 × cauda length. Longest hair on ANT III 0.2-0.9 × 
BD III. Marginal hair on ABD TERG 1 is at least 1.2 × height 
of MTu on same segment. Cauda with 3-7 setae 
  ...............................................................  Aphis passeriniana 

6. R IV+V less than 1.5 × HT II. ANT PT/BASE 1.7-3.5. SIPH 
0.70-1.81 × cauda length. Longest hair on ANT III 0.8-3.4 × 
BD III. The marginal hair on ABD TERG 1 is at least 1.2 × 
height of MTu on same segment. Cauda with 11-24 setae 
 ............................................................................. Aphis fabae 

 
In short, there are some different morphological forms 

in A. passeriniana (Del Guercio) Turkish species compared 
with same species recorded outside Turkey which the 
specimens have longer URS and SIPH/cauda, shorter BL 
and antennae PT/BASE and less of caudal setae. It 
consequently extends the identification keys of the species. 
These features show a morphological diversity in some 
aphid species. 
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Abstract. Kembaren DD, Zairion, Kamal MM, Wardiatno Y. 2018. Abundance and spatial distribution of blue swimming crab (Portunus 
pelagicus) larvae during east monsoon in the East Lampung waters, Indonesia. Biodiversitas 19: 1326-1333. The blue swimming 
crab/BSC, Portunus pelagicus, is an economically important species in fishery industry and continuously being exploited, particularly in 
the East Lampung waters. BSC research in Indonesia during the last decade was only restricted to the adult phase, while research on 
their larval dynamics in nature has not been done yet. This study aimed to assess the abundance and the distribution of BSC larvae, and 
to describe their correlation to its environmental conditions. This study was conducted in June 2017 (during east monsoon) in the East 
Lampung waters. Sampling was done in surface water during the daylight hours on nine sites with three replicates on each site. Plankton 
abundance and oceanographic profile were also recorded from the same sampling site. The result from this study showed that the water 
quality from the environment was suitable for the development of BSC larvae. The abundance of the early-stage larvae (Z1-Z3) was 
relatively higher than the late-stage larvae (Z4 and M). The larval stages of BSC were dispersed and completed their development in the 
mid-shore and offshore waters. There was a tendency that the early-stage was more abundant in the northern part, while the late-stage 
was more abundant in the southern part of the study area. The highest larval abundance was found in the mid-shore, particularly in site 
number five, which was influenced by the water mass density and current direction during the east monsoon. Moreover, oxygen 
concentration and salinity of the water environment influenced the early-stage larvae abundance more than the late-stages abundance.  

Keywords: Abundance, blue swimming crab, decapods, early stages, east Lampung 

INTRODUCTION  

The blue swimming crab/BSC, Portunus pelagicus is a 
species of the Decapods crustacean, member of Brachyuran 
crab from family Portunidae. Previously, the BSC is known 
as P. pelagicus “sensu lato” and found in the shallow 
tropical water as well as in the coastal and estuarine 
temperate water throughout the Indo-West Pacific (Ng 
1998). Recently, this species is known as P. pelagicus 
“sensu stricto” and distributed across Southeast and East 
Asia (Lai et al. 2010). In the Indonesian waters, this species 
is widely distributed across the eastern coast of Sumatra, 
northern coast of Java, south and east Kalimantan, south-
eastern of Sulawesi and south-western of Papua. The BSC 
is economically important species in fishery sector 
throughout its distribution areas.  

Due to its high economic value and diversity, the 
Decapods species were often used as study objects. In the 
last decade, BSC research in Indonesia have covered 
different aspects of BSC such as growth, reproduction, 
population dynamics, stock and catches dynamic 
(Kembaren et al. 2012; Ernawati et al. 2014, 2015, 2017; 
Wiyono and Ihsan 2015; Zairion et al. 2015; Sara et al. 
2016; Hamid et al. 2016a,b; Pane et al 2017; Kembaren and 
Surahman 2018), however these research were restricted to 

the adult phase. Research on the larval dynamics as an 
early life history of BSC has not been done yet, including 
BSC from East Lampung waters. The East Lampung 
waters are one of potential BSC fishing grounds in 
Indonesia. The BSC from this area has been exploited by 
small-scale fisherman using set gill-net and trap (Zairion et 
al. 2014a).   

The peak reproduction periods of BSC in East 
Lampung waters occur in April to June and October to 
November (Zairion et al. 2015) and largely depends on the 
environmental condition such as temperature (Johnson et 
al. 2010; Kamrani et al. 2010; Jazayeri et al. 2011) and 
salinity (Ikhwanuddin et al. 2016). The female BSC carries 
and incubates the eggs on their abdominal flap for eight 
days at the temperature of 26-27oC and salinity of 30-32 
PSU (Arshad et al. 2006). To release the hatched eggs, the 
female of Portunidae moves to the coastal water with 
higher salinity and the larvae generally occur in the open 
ocean (Sforza et al. 2010; Sant’anna et al. 2012; Alberts-
Hubatsch et al. 2016).  

Planktonic larval phase, also called as meroplankton is 
an early life phase of the aquatic organism, especially 
marine organism, which morphologically different from 
their juvenile and adult phases (Anger 2001). This phase is 
the most critical phase of an organism, since it has a high 
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mortality rate due to the larval susceptibility against 
predators, food availability, and environmental changes 
(Anger 2001). Survival and growth rate of the Portunidae 
larval phase determine the recruitment to the next phase 
(juvenile and adult) and this condition affected by the 
environmental dynamics such as temperature, salinity, and 
oxygen (Bryars and Havenhand 2004; Baylon 2010; 
Ikhwanuddin et al. 2012a; Yamamoto et al. 2014). 

During their planktonic life, BSC passes through four 
zoeal stages (Z1 to Z4) and one megalopa stage; then it 
metamorphoses to a juvenile which has the same morphology 
as adult crabs (Juwana et al. 1987; Arshad et al. 2006). In 
the laboratory condition, the total duration of BSC larval 
development is about 12 to 17 days. The first and second 
zoea stages span is two to four days each, the third and fourth 
stages need two to three days each, while the megalopa 
needs three to four days (Juwana et al 1987; Arshad et al 
2006). Based on the previous field studies of the BSC 
larvae and other Portunidae, the zoeal stages were found 
mostly in the surface water (Bryars and Havenhand 2004; 
Breckenridge and Bollens 2011; Vieira and Calazans 2015).  

This paper reports the result of field investigation on the 
abundance and spatial distribution of BSC larvae and their 
correlation to its environmental condition in the East Lampung 
waters, Indonesia during the east monsoon. The information 
gathered from this study would be useful as a basic input 
for management of the BSC fishery in the East Lampung. 

MATERIALS AND METHODS 

Study area 
This research was conducted in East Lampung coastal 

waters, along-side the East Lampung Region, Lampung 
Province, Indonesia. The East Lampung coastal is 
characterized as shallow bathymetry with 20 m depth of 
isobath and 12 nm width from the seashore (Figure 1). The 
surface current speed in the east monsoon ranged from 1.2 
m. s-1 to 2.7 m. s-1, with the average of 1.8 m. s-1. The water 
mass in this area was greatly influenced by the Java Sea in 
the south and Natuna Sea in the north site. Sampling 
occurred at nine sites (ST1 to ST9), adjacent to Labuhan 
Maringgai regency and Way Kambas National Park. In the 
northern part (ST7-ST9), the Way Kambas River loaded 
fresh water from Way Kambas National Park, while in the 
middle part (ST4-ST6) fresh water was loaded from Way 
Penet River. Both sites were covered by slight mangrove 
forest. Beach land in the southern part (ST1-ST3) had 
minimum vegetation and utilized for pond, wet rice field, 
people settlement, and fish landing base. Individual sites 
were positioned in the range depth contour of less than 5 m 
(ST3, ST4, and ST9; ‘inshore’), 5-10 m (ST2, ST5, and 
ST8; ‘mid-shore’), and 10-15 m (ST1, ST6 and ST7; 
‘offshore’, Figure 1 and Table 1).  

 
 

 
 
Figure 1. Sampling sites of larvae, plankton and oceanographic profile in the East Lampung waters, Sumatra, Indonesia 
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Tabel 1. The Portunus pelagicus larval number and abundance in East Lampung waters, Indonesia during the east monsoon 
 

Site Site category 
Larval numbers (ind.) Mean of larval abundance (ind. per 100 m3) 

Z1 Z2 Z3 Z4 M Total Z1 Z2 Z3 Z4 M 
ST1 Offshore 15 8 4 1 1 29 3.7 1.9 1.0 0.2 0.3 
ST2 Midshore 0 3 5 11 3 22 0.0 1.3 3.3 8.1 2.4 
ST3 Inshore 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 
ST4 Inshore 3 2 0 1 5 11 0.9 0.7 0.0 0.4 1.7 
ST5 Midshore 34 26 35 17 17 129 37.3 31.0 40.2 18.9 19.2 
ST6 Offshore 13 4 6 0 3 26 5.6 1.8 2.3 0.0 1.0 
ST7 Offshore 8 31 15 2 0 56 2.6 10.4 5.0 0.6 0.0 
ST8 Midshore 4 1 0 0 0 5 3.1 0.8 0.0 0.0 0.0 
ST9 Inshore 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 
  Total 77 75 65 32 29 278 53.17 47.83 51.71 28.30 24.64 
Note: Z1-Z4 = zoeal stages 1-4, M = megalopa 
 
 
 
  
Sampling procedures 
Site procedures 

Sampling was conducted in June 2017 (east monsoon), 
after the peak spawning season of BSC had occurred 
(Zairion et al. 2015). Sampling was done during the 
daylight time between 06.00 and 17.00 hours of local time. 
Larval samples were collected using a 0.6 m diameter, 3 m 
long, and 500 µm mesh of conical larval (bongo) net, and 
preserved in 96% ethanol. The mouth of the net was fitted 
with a mechanical flow meter (model 2030 R, General 
Oceanic Inc., Miami, FL) to estimate the volume of water 
passing through the net during each tow. For each site, 
three replicates sampling was conducted. Considering that 
mostly zoea stage have been found in surface water (Bryars 
and Havenhand 2004; Breckenridge and Bollens 2011; 
Vieira and Calazans 2015), samples were collected from 
the surface area at 1-3 m in depth. The larval net was towed 
at the speed of 1-2.5 knot for seven to ten minutes.  

Zooplankton samples were collected using a net with 
0.45 m in diameter, 1.8 m in length and 300 µm of mesh 
size, while phytoplankton samples were collected using a 
net with 0.3 m in diameter, 1 m in length and 80 µm of 
mesh size. Zooplankton and phytoplankton samples were 
collected from the surface area with horizontal haul 
performed as long as 10 m. Zooplankton and phytoplankton 
samples were preserved with 4% formaldehyde in 
seawater. Oceanographic profiles such as temperature, 
salinity, dissolved oxygen, density, and fluorescence, were 
measured using a Conductivity Temperature Depth (CTD, 
SBE 19 plus V2 model), while the current speed and 
profile were recorded with an Acoustic Doppler Current 
Profiler (ADCP, SONTEK 250 kHz). 

Laboratory procedures  
In the laboratory, the whole preserved larval samples 

were transferred to a sorting tray for further analysis. The 
P. pelagicus larvae were separated from the others species 
and debris. Detail identification and examination of larvae 
were conducted using an optical microscope at 4x and 10x 
magnification. The larvae were mounted with glycerin. The 
P. pelagicus larvae were identified using the morphological 
characters as described in Juwana et al. (1987). The P. 
pelagicus larvae have five developmental stages consisting 

of zoea 1-4 (Z1-Z4) and megalopa (M). The numbers of P. 
pelagicus from each stage in the sample were enumerated 
and recorded. Zooplankton and phytoplankton samples 
were enumerated and identified under a light microscope 
by transferring the sample onto the Sedgewick rafter 
counting chamber. 

Data analysis 
Larval densities were standardized as a function of the 

water volume filtered in each tow and expressed in a 
number of individual larvae per 100 m3. The means of 
volume of water filtered by the net for all samples were 
94.1 ± 9.7 m3. The composition of P. pelagicus larval stages 
was expressed as a percentage of abundance each stage at 
each sampling site and plotted in a graph using Microsoft 
Office Excel 2013 software. A two-way ANOVA was used 
to test the differences in larval abundance between sites 
and location categories (inshore, mid-shore and offshore). 
Larval abundance data were log (x+1) transformed before 
analyses to meet the assumption of normality and 
homogeneity of variance. The spatial distribution maps of 
each larval stages of the P. pelagicus were prepared using 
the Surfer 10.0 software based on their abundance. To 
describe the relationship between larval abundance and 
environmental condition, the principal component analyses 
were performed based on the Euclidean distance similarity 
index using program XLSTAT 2014.5.03. All 
hydrographic data from CTD were analyzed using SBE 
data processing software and Ocean Data View (ODV), 
while data from ADCP were analyzed using current 
surveyor ADP software. Zooplankton abundance was 
standardized to zooplankton density defined as an 
individual per cubic meters (ind. m-3), while phytoplankton 
defines as cells per cubic meters (cell.m-3).  

RESULTS AND DISCUSSION 

Environmental condition  
The water temperatures ranged from 29.6oC to 30.5oC, 

with the average of 29.9oC. Temperature in offshore sites 
was higher than in north-west and lower than in south-west 
inshore sites. Water salinity ranged from 29.7 PSU to 32.8 
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PSU, with the average of 31.3 PSU. The distribution of the 
salinity indicated that offshore sites had higher salinity than 
mid-shore and inshore sites. The dissolved oxygen 
concentration ranged from 5.0 mg.L-1 to 5.5 mg.L-1, with 
the average of 5.4 mg.L-1. The dissolved oxygen recorded 
in the inshore sites were higher than mid-shore and 
offshore sites. The water density distribution showed a 
similar pattern to the salinity because density was greatly 
influenced by salinity, temperature and pressure. The 
southern and northern part of the offshore sites had higher 
water density than the other sites. This condition indicated 
that water mass in this area was influenced by water mass 
from the Java Sea in the south and Natuna Sea in the north. 
The water density ranged from 1017.8 kg.m-3 to 1020.1 
kg.m-3, with the average of 1019.0 kg.m-3. Water turbidity 
in the inshore sites was higher than mid-shore and offshore 
sites, because it was influenced by freshwater loads from 
the stream. The fluorescence analysis indicated the 
chlorophyll-a concentration (Kalaji et al. 2014). The 
fluorescence values ranged from 0.3 mg.L-1 to 2.2 mg.L-1, 
with the average of 1.0 mg.L-1. Higher concentration of 
chlorophyll-a was found in the inshore site. The water 
current flew from the northern, eastern and southern sites 
of the study area. The surface current speed ranged from 
1.2 m. s-1 to 2.7 m. s-1, with the average of 1.8 m. s-1. The 
current speed from northern and eastern sites was faster 
than southern sites. All of those oceanographic profiles are 
presented in Figure 2. 

Larval abundance and stage composition 
A total of 278 P. pelagicus larvae were caught from 

nine sampling sites, with the total abundance of Z1, Z2, Z3, 
Z4, and M were 53.17, 47.83, 51.71, 28.30 and 24.64 ind. 
per 100 m3, respectively (Tabel 1). There was no 
significant difference among larval stages (F4,32 = 1,27; P > 
0.05). The mean of Z1 larvae abundance ranged from 2.6 
ind. per 100 m3 to 37.3 ind. per 100 m3. The highest 
abundance of Z1 larvae was found at sampling site ST5, 
while there were no Z1 found at ST2, ST3 and ST9. The 
mean of Z2 larvae abundance ranged from 0.8 ind. per 100 
m3 to 31.0 ind. per 100 m3. The highest abundance of Z2 
larvae was found at ST5 and no larvae found at ST3 and 
ST9. The mean of Z3 larvae abundance ranged from 1.0 
ind. per 100 m3 to 40.2 ind. per 100 m3. The highest 
abundance of Z3 larvae was found at ST5 and no larvae 
found at ST3, ST4, ST8, and ST9. The mean of Z4 larvae 
abundance ranged from 0.2 ind. per 100 m3 to 18.9 ind. per 
100 m3. The highest abundance of Z4 larvae was found at 
ST5 and no larvae found at ST3, ST6, ST8, and ST9. The 
mean of M larvae abundance ranged from 0.3 ind. per 100 
m3 to 19.2 ind. per 100 m3. The highest abundance of M 
larvae was found at ST5 and no larvae found at ST3, ST7, 
ST8, and ST9. The majority of the larvae were captured 
from ST5 that reached to 46.4% of the total larvae. Larval 
abundance of each stages were significantly different 
between the sampling site (F8,32 = 10.05; P < 0.05). 

 
 
 

 
 
Figure 2. Oceanographic profile in the East Lampung waters, Indonesia during east monsoon 
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Larval stages composition of Z1, Z2, Z3, Z4, and M 

were 28, 27, 23, 12 and 10% of the total larvae, 
respectively. These result showed that early and mid-stage 
larvae (Z1-Z3) composed 78% of the total larvae, while 
late-stage larvae (Z4 and M) were composed only 22% of 
the total larvae. All larval stages were found at ST1 and 
ST5, but the larval composition at ST1 was dominated by 
Z1 while at ST5 no stage dominant was found. No larvae 
were found at ST3 and ST9. More than 60% of larval 
stages composition at ST1, ST5, ST6, ST7, and ST8 were 
dominated by early-stage larvae (Z1-Z3), while late-stage 
larvae (Z4 and M) were found more dominant at ST2 and 
ST4 (more than 50% on each site). The Z1 as the first stages 
after hatching was found to be dominant at the ST1, ST6, 
and ST8, with the highest percentage at ST8 (Figure 3).  

 

 
 
Figure 3. Larval stages composition at each sampling site in East 
Lampung waters, Indonesia during the east monsoon 

Spatial distribution 
All stages of P. pelagicus larvae were found in the 

surface water throughout the study area during the east 
monsoon. Each larvae stage have a different pattern of their 
distribution, even though they appeared to be most 
abundant at ST5. Early stages of P. pelagicus larvae (Z1 
and Z2) showed a similar distribution pattern where they 
were more abundant in the northern than the southern part. 
Different distribution patterns appeared at later stages (Z4 
and M), where the abundance was higher in the southern 
part. Moreover, Z3 had a transition distribution patterns 
from the northern to southern part of the study area (Figure 
4).  

The larval abundance for all stages, based on the site 
categories, showed that the highest abundance was found in 
the mid-shore site, while the lowest abundance was found 
in the inshore site. The larval abundance in the offshore site 
was higher than in the inshore site (Table 2). The 
abundance of Z1 and Z2 stages in the mid-shore site were 
98% higher than in the inshore and approximately 71% and 
57% higher than in the offshore. The abundances of Z4 and 
M stages in the mid-shore were 99% and 92% higher than 
in the inshore and 97% and 94% higher than in the 
offshore, respectively. No Z3 stage was found in the 
inshore site. The abundance of Z1, Z2, and Z4 stages in the 
offshore were 92%, 95%, and 54% higher, respectively, 
than in the inshore site. The abundances of M stages in the 
inshore were 25% higher than in the offshore site. The 
larval abundance was significantly different (F2,8 = 51.14, P 
< 0.05) between sites.  

 
 
 
 
 

 
 
 
Figure 4. Spatial distribution of P. pelagicus larval abundance (ind. per 100 m3) in East Lampung waters, Indonesia during the east 
monsoon. Z1-Z4 = Zoeal stages 1-4, M = Megalopa 
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Table 2. Abundance (ind. per 100 m3) of P. pelagicus larvae at 
inshore, mid-shore, and offshore in East Lampung waters, 
Indonesia during the east monsoon. Data are means value ± 1 s.e 
from each site category 
  

Larval stages 
Site category 

Inshore Mid-shore Offshore 
Z1 0.3 ± 0.3 13.5 ± 12.0 3.9 ± 0.9 
Z2 0.2 ± 0.2 11.0 ± 10.0 4.7 ± 2.9 
Z3 0.0 ± 0.0 14.5 ± 12.9 2.7 ± 1.2 
Z4 0.1 ± 0.1 9.0 ± 5.5 0.3 ± 0.2 
M 0.6 ± 0.6 7.2 ± 6.1 0.4 ± 0.3 

 
 
 

 
 
Figure 5. Biplot diagram of larval abundance, environmental 
conditions, and site location in the East Lampung waters, 
Indonesia during the east monsoon. Z1-Z4 = zoeal stages 1 to 4, 
M = megalopa, ST1-ST9 = sampling site 1 to 9 
 

Relationship between larval abundance and 
environmental condition 

A principal component analysis was used to describe 
the relationship between larval abundance and 
environmental condition across the study area. Larval 
abundance at each stage and environmental conditions 
were used as variables, while sampling sites were used as 
observations. The result showed that the first principal 
component (factor in XLSTAT) showed 45.50% of the 
variability and cumulatively with second principal 
component showed 63.31% variability. The first principal 
component had strong correlation with variable salinity, 
dissolved oxygen (DO), density, fluorescence, turbidity, 
zooplankton, and early-mid larval stages (Z1-Z3). 
Meanwhile, the second principal component had a 
correlation with variable phytoplankton, current speed and 
late-stage larval (Z4 and M). The temperature had a weak 
correlation with the first and second principal components 
and explained the third principal component. The biplots 
diagram from the variables and observation showed that 
early-mid larval stage of P. pelagicus (Z1-Z3) had the 
closest similarity distance to variable DO and ST2 and 

ST5. The later larval stage (Z4 and M) had the closest 
similarity distance to ST5. Biplot diagram also represented 
the closest similarity between ST2 and ST5 as mid-shore 
area category and ST1, ST6, and ST7 as offshore area 
category. Offshore area of East Lampung waters was 
characterized by the high salinity and density. ST4 and ST8 
were characterized by turbidity and fluorescence, while the 
ST3 and ST9 were characterized by the other condition 
(Figure 5).  

Discussion  
During their planktonic phase, larvae are exposed to the 

variation of numerous ecological factors including physical 
and chemical factors, such as temperature, salinity, oxygen 
concentration, water density, and current speed and 
direction, as well as biotic factors such as food, and 
predation. The temperature, salinity, oxygen concentration, 
food, and predation are ecologically important factors of 
the decapod larval growth and development (Anger 2001; 
Bryars and Havenhand 2004; Baylon 2010; Ikhwanuddin et 
al. 2012a; Yamamoto et al. 2014; Epifanio and Cohen 
2016). The oceanographic profiles, temperature, and 
salinity reported in this study were similar to those reported 
by CRMP (1998) and Zairion (2014b). There was no 
extreme condition of all oceanographical parameters in this 
study, and overall range of water quality was suitable for 
the development of P. pelagicus larvae. However, some 
oceanographic profiles may have important roles for the 
larvae distribution. Torres et al. (2014) found that 
fluorescence and food availability had the highest power 
for explaining the distribution of the decapod larvae in the 
Balearic Sea, western Mediterranean. In the Yangtze 
Estuary, China, Geng et al (2018) found that water 
temperature and depth had significant impacts on the 
Chinese mitten crab larvae densities.  

 The mean batch fecundity of female P. pelagicus in 
this study area was estimated to be 926.638 eggs (Zairion 
et al. 2015). In the rearing system, hatching rate of P. 
pelagicus was about 50% (Oniam et al. 2012). Assuming 
the hatching rate of P. pelagicus from this study is 20%-
50%, the numbers of larvae release by a female can be 
estimated at hundreds of thousands. Given the presence of 
ovigerous females in this study area from previous studies 
(Zairion et al. 2014b), Z1 larvae abundance found in this 
present study appeared to be low (53.17 ind. per 100 m3). 
The similar abundance of P. pelagicus larvae (< 100 ind. 
per 100 m3) is found in the Gulf of Saint Vincent, Southern 
Australia (Bryars and Havenhand 2004). In contrast, 
Gaughan and Potter (1994) reported that in the confined 
waters from lower Swan Estuary, South Australia, P. 
pelagicus larvae has abundance up to 20-99 zoea per m3 (= 
2,000-9,900 zoea per 100 m3); however, the zoea stages of 
this study was not classified. Aggregating ovigerous female 
before releasing the larval was contributed to the high early 
larvae abundance. However, aggregation of berried female 
P. pelagicus did not occur in East Lampung waters because 
the berried females were widespread from inshore (depth < 
5 m) to offshore (depth > 10 m) (Zairion et al. 2014b). 

The late-stage zoea (Z4) and megalopa (M) were 
captured in a relatively few portions of this current study, 
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i.e. 12% and 10% of the total larvae, respectively. The 
abundance of megalopa in this study was considerably 
higher than the study reported by Bryars and Havenhand 
(2004), where the abundance of megalopa which was only 
0.05%. The difference of the late-stage and megalopa 
abundance could be explained by the difference in the 
speed tows during sampling. Tow with higher speed is 
more effective to catch the older and faster swimming 
stages of decapods crustacean. Furthermore, the low 
portion of P. pelagicus at later-stages probably reflected 
the mortality rates and/or dispersal of later-stage larvae 
away from the sampling area (Bryars and Havenhand 
2004). The survival rates of crab larvae are generally very 
low. In the rearing system, the highest survival rate of P. 
pelagicus first zoea was 21.82% with a certain feed 
(Ikhwanuddin et al. 2013). However, this survival rate in 
the natural habitat could be lower than in the rearing 
system, due to predation and feed availability.  

The ovigerous female of P. pelagicus generally made a 
movement from shallow coastal water to deeper oceanic 
water or higher saline water for spawning (Christy 2011; 
Ikhwanuddin et al. 2012b; Kunsook et al. 2014). 
Furthermore, the study from Epifanio and Dittel (1984) 
showed that the Portunidae zoea needs higher salinity to 
complete their larval development, and this behavior is 
known as an ecological strategy to find optimum 
development condition. In this present study, the highest 
abundance of Z1 P. pelagicus larvae was found from 
sampling site ST5 (mid-shore), where the salinity 
concentration was lower than offshore site (Figure 2 and 
Figure 4). This phenomenon contrasts with the study from 
Epifanio and Dittel (1984), but consistent with the previous 
study from Zairion et al. (2014b). Study from Zairion et al. 
(2014b) has a similar study area with our study, where the 
highest proportion of BSC berried female is found in the 
open water with depth more than 5 m. The study from 
Epifanio and Dittel (1984) is conducted at the estuary water 
where the salinity is more fluctuate than open water. 

The spatial distribution of the BSC larvae indicated that 
the highest abundance of larvae was found at ST5 (mid-
shore). This phenomenon was influenced by water density 
and current pattern. The water mass in southern part was 
influenced by the water mass from the Java Sea, while in 
the northern part was influenced by the Natuna Sea, where 
the density from the Java Sea greater than Natuna Sea. 
Furthermore, during the east monsoon, current direction 
flows from north-east, east and south-east (Figure 2). This 
condition created water circulation in this study area with 
the center was occurred on site ST5. Therefore, the larval 
stages of P. pelagicus showed in this study were dispersed 
and completed their development in mid-shore and 
offshore area. There was a tendency that early-stage larvae 
were more abundant in the northern part, while the late-
larvae were more abundant in the southern part of the study 
area. 

The P. pelagicus larval abundance showed positive 
correlations to salinity, oxygen concentration (DO), and 
density, and negative correlations to fluorescence and 
turbidity. These variables were presented in the first 
principal component and descriptively explained 

environmental factors that influence the larval abundance. 
Temperature, current speed, phytoplankton and 
zooplankton abundances positioned on the second principal 
component were not able to explain the larval abundance. 
Oxygen concentration and salinity had greater influence on 
the early-mid stage larvae (Z1-Z3) than late-stage larvae 
(Z4 and M). This condition reinforced that the later larval 
stages of decapod larvae more tolerant to the environmental 
changes, particularly DO and salinity than early larva stage 
(Anger 2001; Baylon 2010). 

In summary, this study showed that water quality 
conditions in this study area were suitable for the 
development of P. pelagicus larvae. The abundance of the 
early-mid stage larvae (Z1-Z3) was relatively higher than 
late-stages larvae (Z4 and M). The larval stages of P. 
pelagicus were dispersed and complete their development 
on the mid-shore and offshore waters. There was a 
tendency that early-larvae were more abundant at the 
northern part, while the late larvae stage was more 
abundant in the southern part of the study area. The highest 
larval abundance was found in the mid-shore, particularly 
site ST5 and was influenced by the water mass density and 
current direction during the east monsoon. Descriptively, 
oxygen concentration and salinity were better to explain the 
larvae abundance at the early-stage than at the late stages. 
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Abstract. Iskandar J, Iskandar BS, Partasasmita R. 2018. Site selection and soil fertility management by the Outer Baduy People 
(Banten, Indonesia) in maintaining swidden cultivation productivity. Biodiversitas 19: 1334-1346. The Outer Baduy people heavily 
depend on swidden cultivation for subsistence. They grow rice in the uplands every year based on their calendar. The cropping calendar 
and calendar of social events are often closely interlinked. There is also traditional wisdom for conservation of land and forest such as 
the zonation for land use system. The Outer Baduy swidden land productivity is mainly determined by the time period of forest fallow 
relative to that of the crops. The long-term success of the Outer Baduy swidden cultivation depends on how well the fallow period 
restores or maintain soil fertility. The aim of this research was to study the local knowledge of Outer Baduy of soil categories and soil 
fertility and the management of soil fertility in their traditional practice of swidden cultivation. The method used in this study was the 
qualitative one, applying observation and in-depth interviews to collect the primary data. In addition, soil analysis was conducted by the 
Laboratory of Soil, Faculty of Agriculture, Padjadjaran University, Sumedang, Indonesia. The results of this study showed that the soils 
are classified by the Outer Baduy based on color, water content, stoniness or rock parent material, and humus content. To maintain soil 
fertility in the swidden cultivation, the Outer Baduy people have developed some strategies, such as determining appropriate fallow time 
period, applying zero tillage, and planting legume crops in both the swidden fields and the fallow land. Traditionally, because the Outer 
Baduy are forbidden to use inorganic fertilizers, the length of fallow period and kind of vegetation succession have an important role in 
maintaining soil fertility. 

Keywords: Outer Baduy, soil categories, soil fertility, soil management, swidden cultivation 

INTRODUCTION 

Nowadays, the predominant means of subsistence 
among rural West Java and Banten is wet rice cultivation. 
The modern wet-rice farming introduced through the Green 
Revolution in early 1970s has been adopted by most 
farmers (Iskandar and Iskandar 2011; Amelia and Iskandar 
2017). This modern wet rice farming depends heavily on 
artificial chemical fertilizers, synthetic pesticides, and rice 
hybrid seeds that must be purchased from the urban market 
(Iskandar and Iskandar 2016c). The Baduy community who 
resides in the Village of Kanekes, Lebak District of South 
Banten, however, has strongly rejected the Green 
Revolution program which is perceived as incompatible 
with the native ecosystems and the local culture. On the 
other hand, the swidden farming is considered as one of the 
religious obligations of the Baduy community (Iskandar 
1998). Therefore, each household of the Baduy community 
must practice swidden farming every year. Although 
today's the population is increasing and the forest area is 
decreasing, the Baduy community wants to maintain the 
swidden farming system. Unlike the wet rice farming, the 
upland rice cultivation is only done once a year by the 
Baduy community. The management of swidden farming 

system is traditionally undertaken based on traditional 
ecological knowledge (TEK) and culturally embedded 
belief or cosmos (cf. Berkes 1999; Carlson and Maffi 
2004). Each stage of the swidden farming system, namely 
selecting sites, preparing land (cutting underbrush, felling 
and pruning trees, drying debris, burning and reburning 
debris), planting rice, managing prepared swidden fields 
(weeding and providing medicinal rice), harvesting rice, 
storing and consuming rice, and leaving the land fallow 
must be done following the traditional Baduy calendar 
(Iskandar and Iskandar 2016b). In traditional management 
of swidden farming, hoeing of land (soil tillage), modern 
rice seeds, chemical fertilizer, and synthetic pesticide are 
prohibited (taboo). In addition, the swidden rice must not 
be sold, but it must be stored in traditional rice barns for a 
long time, more than 50 years (Iskandar and Ellen 1999; 
Iskandar and Iskandar 2017c). The swidden rice is mainly 
used for performing various stages of the rice farming and 
daily home consumption, particularly if they have enough 
money to buy hulled rice (beras) of wet-rice farming from 
village small shops. They obtain cash money to buy beras 
from selling non-rice crop products, such as fruits that are 
not prohibited for sale (Iskandar 2007). Because the hamlet 
forest, the swidden fields, and the fallow secondary forest 
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are grown with various plants, such as fruits, some plant 
products can be harvested and sold to get cash household 
income.  

The swidden farming system is different from the wet 
rice farming in that it does not use a permanent field. As a 
result, each year before the planting of upland rice, the site 
selection of secondary forest (reuma) must be done to 
practice swidden farming. The mature secondary forest 
which has been left fallow for more than 3 years must be 
selected and its vegetation is cut down for the planting of 
upland rice, and after the harvesting of rice, the land is left 
fallow which will develop into secondary forest by natural 
succession. The mature secondary forest can be 
recultivated after it is left fallow for more than 3 years and 
the soil fertility has been considered as recovery. 
Therefore, site selection and determination of land for the 
planting of upland rice during the first stage of swidden 
farming cycle are considered very important. In the past, 
when the population was small and forest area was still 
large, the selection of swidden fields was easily done. 
Nowadays, however, the selection of swidden fields has 
been difficult due to high population density and scarcity of 
the forest area. Consequently, some ecological strategies, 
such as introduction of commercial crops, crop 
diversification, petty trading, palm sugar industry, 
household handicrafts, and temporary migration, have been 
undertaken by the Outer Baduy community (Iskandar 1991, 
2007; Iskandar and Ellen 2007; Iskandar and Iskandar 
2016a; Iskandar et al. 2018). The temporary outmigration, 
however, has only been undertaken by the Outer Baduy 
because the Inner Baduy people are not allowed to practice 
swidden farming outside their territory. Some studies on 
Baduy knowledge of the local rice varieties, medicinal 
plants, traditional calendar, disaster mitigation, coping of 
drought disaster, animal hunting and children toys, have 
been carried out by scholars (Iskandar 2004; Iskandar and 
Iskandar 2005, 2017d; Permana et al. 2011; Alif et al. 
2015). The study of Baduy local knowledge of soil, 
however, has rarely been undertaken.  

The aim of this research was to study the local 
knowledge of the Outer Baduy (Banten, Indonesia) of soil 
categories and soil fertility and the management of soil 
fertility in their traditional practice of swidden cultivation. 
Three aspects are elucidated in this paper namely site 
selection, application of local knowledge of soil, and 
management of soil fertility by the Outer Baduy in 
managing the swidden farming.  

MATERIALS AND METHODS 

Study sites 
This research was undertaken in the Outer Baduy area, 

namely hamlets of Kaduketug, Marengo, and Gajeboh, 
Kanekes Village, Leuwidamar Sub-district, Lebak District, 
Banten, Indonesia (Figure 1).  

The Baduy area of Kanekes Village is located 
approximately between latitudes of 60 27’27” and 60 30’ 
North and between longitudes of 1060 3’9” and 1060 4’5” 
East. According to the bylaw of Lebak District No.32, 

2001, the Baduy has a total area of about 5,136.58 hectares. 
About 5,136.58 hectares are allocated for forest protection 
area, while 2,136.58 hectares comprise land use for 
agriculture and settlement (Kurnia and Sahabudin 2010). 

Based on the Baduy culture, Baduy territory may be 
divided into 3 groups, namely Inner Baduy area (Daerah 
Baduy Dalam), Outer Baduy area (Daerah Baduy Luar), 
and Dangka area (Daerah Dangka). The Inner Baduy area 
consists of 3 hamlets, namely Kampung Cibeo, Kampung 
Cikartawarna, and Cikeusik inhabited by the Inner Baduy 
People (Urang Baduy Jero or Baduy Daleum). The Outer 
Baduy area comprises more than 55 hamlets inhabited by 
the Outer Baduy people (Urang Baduy Luar or Urang 
Panamping). The Dangka area was initially composed of 7 
hamlets, located in the Muslim territory areas. Today, 
however, because of the pressure from the Muslim people, 
two Dangka areas, namely Dangka Warega at Kamancing, 
and Dangka Cihandam have moved to Kampung Cipondoh 
and Kampung Kaduketug, respectively.  

 
 
 

 

 
 
Figure 1. The study site of the Baduy area of Kanekes Village, 
Leuwi Damar Sub-district, Lebak District, Banten, Indonesia  
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The traditional agroforestry of Baduy consists of four 
types, namely swidden field (huma or ladang), fallow land 
of secondary forest (reuma), mixed-garden (kebun 
campuran), and hamlet forest (dukuh lembur). Unlike in 
hamlet forest and mixed garden, the most significant 
changes in the agroforestry system occur mainly in reuma 
and ladang. The mature secondary forest (reuma kolot) that 
is left fallow for 3 years or more is normally cultivated 
each year for practicing swidden cultivation, usually 
between 0.2 and 0.7 ha/family. Swidden fields (huma), 
after the harvesting of rice and other annual crops, are left 
fallow, which will develop into immature secondary forest 
(reuma angora) by natural succession. However, some 
fraction of the harvested swidden fields, before they are left 
fallow, can also be developed into monogardens, if the 
lands are planted by annual crops such as mantang/ubi 
jalar (Ipomoea batatas (L.) Lam.), taleus/talas (Collocalia 
esculenta (L.) Schott), tiwu/ tebu (Sacharum officinarum 
L.) and cengek/cabe rawit (Capsicum frutescens L.) 
(Figure 2). Meanwhile, the monogarden, after the 
harvesting of annual crops, can be developed either into 
immature secondary forest or into a mixed garden, 
particularly if the garden is planted with perennial crops, 
such as coffee, and fruits. Moreover, immature secondary 
forest (reuma ngora) will develop into mature secondary 
forest (reuma kolot) after the land is left fallow for enough 
time, such as more than 3 years (Figure 3). Some land use 
systems, such as the fallow land and monoculture gardens 
can also be developed into settlements (kampung or 
lembur) and hamlet forest (dukuh lembur), if the houses are 
constructed on those land use systems, particularly in the 
Outer Baduy area. Meanwhile, it is not traditionally 
allowed to build a new hamlet in the Inner Baduy area and 
the mount must remain three, namely Cibeo, Cikartawarna, 
and Cikeusik.  

In 2017 the estimated total population of Baduy 
community was 11,699 people, consisting of 5,911 males 
and 5,788 females, representing 3,413 households. The 
population was dominated by the Outer Baduy people who 
constituted 89.6 percent of the total (10,488 people), with 
only 10.36 percent of the total population (1,211 people) 
from the Inner Baduy (Statistics of Kanekes village 2017). 
The Baduy community has a special religion called Agama 
Baduy or Sunda Wiwitan (original Sundanese). According 
to Garna (1987), Sunda Wiwitan is principally Buddhism 
influenced by Hinduism and Islam. Therefore, Baduy 
mythology can be shown to have influenced by both 
Hinduism and Islam. Based on the Baduy religion, the life 
is determined by god and staple food is provided by Pohaci 
Sanghyang Asri or Nyi Pohaci, considered as Goddess of 
rice. As a result, both swidden rice and the rice goddess are 
respected by Baduy community. The swidden cultivation 
must be undertaken by both swidden rice and rice goddess 
are deeply respected. Moreover, base on the Baduy 
tradition, the cultivation of wet-rice field (nyawah) is 
culturally prohibited (teu wasa). In addition, some modern 
inputs, including inorganic fertilizers, synthetic pesticides, 
and new rice varieties, are not allowed to use in the Baduy 
swidden farming system.  

 The main means of subsistence of the Baduy 
community is swidden farming (ngahuma). Their other 
activities are making handicraft, producing sugar palm 
(gula kawung), petty trading of non-rice crop productions, 
and working as laborers in the Muslim area. Unlike the 
Inner Baduy, the Outer Baduy community is allowed to 
practice swidden farming in neighboring non-Baduy area, 
the Muslim area, due to the lack of availability of mature 
secondary forest (reuma kolot). They obtain the swidden 
field in non-Baduy area by various means, including 
renting and share-cropping of non-Baduy land, while 
waiting for their own land during the fallow phase. They 
temporarily out-migrate to non-Baduy area (nganjor) and 
cultivate swidden farming in non-Baduy area for at least 3 
years, depending on the readiness of their fallow land in 
their area to be recultivated (Iskandar et al. 2018).  

 
  

 
 
Figure 2. A swidden field of Baduy before being left fallow, is 
developed into monogarden, planted by annual crops  
 
 
 
 

 
 
Figure 3. The fallow land in different fallow times that is 
predominantly grown with sugar palm trees (Arenga pinnata 
(Wurmb) Merr)  
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Research procedures 
This study used qualitative methods based on 

ethnoecological approach (Martin 1995; Newing et al. 
2011; Iskandar 2012; Albuquerque et al. 2014). Some 
techniques, namely observations, interviews and soil 
samplings were applied to collect primary data in the field. 
The observation was applied to obtain data of various local 
landscapes, land use zones, including settlement area, 
swidden fields, and fallow secondary forest land, and 
hilltop areas, and vegetation types of various traditional 
landscapes. The semi-structured interviews were 
undertaken with some informants considered competent 
and selectively chosen. In general, informants were chosen 
from the Outer Baduy who know most about local 
management of swidden farming and folk ecological 
knowledge of soils, vegetation, and land use zones. Some 
informants chosen in this study were administrative village 
leader (Jaro Pamarentah) and secretary of village leader 
(carik desa), hamlet informal leaders (kokolot), and old 
farmers in three hamlets of the Outer Baduy, namely 
Kaduketug, Marengo, and Gajeboh. Several informants 
were involved in soil sampling. Before soil sampling was 
done, some interviews about the soil as perceived by 
informants, such as the name of soil types, the 
characteristics of each soil type, the soil fertility, the site 
selection of secondary forest for swidden farming, and the 
management of soil fertility in both swidden and fallow 
lands were carried out. Moreover, to evaluate the local 
knowledge of soil that is considered fertile and poor, some 
soil samplings were done by purposively taking soil 
samples from two areas considered by informants as 
‘fertile’ (taneuh subur) and ‘poor’ (taneuh anggar) in 
different fallow periods of secondary forest (reuma), 
namely 1 year, 2 years, 3 years, and 4 years, respectively.  

Soil samples labelled by informants as ‘poor ‘ and 
‘fertile ‘were analyzed in the Soil Laboratory of the 
Agriculture Faculty of Padjadjaran University, Bandung. 
Fertile soil (type A) was taken from the Cihulu area, while 
poor soil (type B) was taken from Cicakal Muhara. In 
addition, some plants species of the secondary forests were 
collected and analyzed in the Herbarium Laboratory of 
Department Biology, Faculty of Mathematics and Natural 
Sciences, Padjadjaran University, Sumedang, Indonesia.  

Data analyses 
The data collected from different techniques, namely 

observation, semi-structured interviews, laboratory 
analyses, and literature study were analyzed by cross-
checking, summarizing, synthesizing, and made narrative 
with evaluative and descriptive analyses (cf. Newing et al. 
2011).  

RESULTS AND DISCUSSION 

Site selection 
According to Baduy tradition, swidden farming 

activities and associated rituals must followed the Baduy 
agricultural calendar or Baduy calendar. There are 7 phases 
of the swidden farming activities, namely (i) selecting the 

site (neangan pihumaeun), (ii) preparing the land 
(ngagawean pihumaeun) including cutting underbrush 
(nyacar), felling trees (nuar) and pruning brunches of trees 
(nutuh), drying debris (ngaganggang), burning debris 
(ngahuru), reburning debris (ngaduruk) and weeding under 
piles of debris (nyasap), (iii) planting (ngaseuk), (iv) taking 
care of the rice and other annual plants (ngarawat huma), 
particularly first weeding (ngored munggaran), second 
weeding and providing medicinal rice (ngubaran pare), (v) 
harvesting rice (dibuat or panen), (vi) storing 
(ngaleuitkeun) and consuming rice (nganyaran), and (vii) 
leaving the land fallow (ngareumakeun). Traditionally, 
each phase of those activities must follow the Baduy 
calendar that is mainly arranged by informal leader (Puun) 
and his staff (Iskandar 1998; Iskandar and Iskandar 2016b). 

Unlike wet-rice field farming, the swidden field is not 
permanently fixed in the same plot for cultivation each 
year, because the swidden field is usually planted with 
upland rice and other annual crops once and only 
occasionally, if the soil is still considered fertile. Moreover, 
after rice harvesting, the swidden field must be left fallow 
for at least 3 years or more, to regenerate soil fertility after 
the soil nutrients are intensively used by rice and other 
annual crops. As a result, each farmer has to find another 
appropriate special plot of mature secondary forest (reuma 
kolot) to be used for swidden farming for that year. 
According to ecological history, in the past swidden 
farmers did not have any problems finding new swidden 
plot because they owned large forest area and the 
population was still small. Therefore, the swidden farmers 
could freely explore the forest area to find an appropriate 
forest plot to be used for swidden farming. The farmer 
activity of surveying appropriate suitable forest location to 
be used for swidden farming is traditionally called 
narawas. If suitable forest location had been found, the 
forest area was marked by putting stones, whetstones, and 
turmeric rhizome/rimpang kunir (Curcuma domestica 
Vahl). The forest land that had been claimed by a farmer 
was owned by that person. In other words, the forest land 
was not free anymore because it had been claimed (diaku) 
by someone (Soepomo 1982). Moreover, the forest could 
be cultivated by the farmer who firstly claimed such forest. 
After rice harvesting, the fallow land was considered to be 
free. However, fruit trees planted by the farmer during the 
cultivating were considered as owned by the tree planters. 
During the first year of fallow period, the dry straws, called 
jami, were still commonly found in the land. The farmers 
who cultivated the jami was called ngajami. However, if 
the land was left fallow (dipreikan or diperdeokan) it 
would develop into immature secondary forest (reuma 
ngora) and mature secondary forest (reuma kolot) through 
natural vegetation succession process. During the fallow 
period, nutrient changes occurs in the soil because organic 
matter is added from litter and compost of the vegetation 
growing in the fallow land. As a result, the mature 
secondary forest with fallow time period of more than 7 
years, which was called as ngareuma, could be 
recultivated. However, if the mature secondary forest was 
continuously abandoned and grown by tall trees, it was 
called leuweung instead of reuma (Soepomo 1982).  
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In the past, at the beginning of the agricultural cycle, 
secondary forest was surveyed by each household of the 
Outer Baduy to find an appropriate place for swidden 
fields. In addition, according to ecological history, share-
cropping, land rental and mortgage agreement were not a 
recognized part of the swidden cultivation of the Outer 
Baduy (Iskandar 1998). Today, swidden fields on some 
hills of the Outer Baduy are owned by households living 
both in nearby and far away hamlets, and they even 
cultivate land in the neighboring Baduy area, in the Muslim 
territory, particularly during their temporary life in non-
Baduy area (Iskandar et al. 2018). In addition, despite 
customary law which states that land of the Outer Baduy 
cannot be inherited or sold, in fact, it is commonly sold 
because of land shortage. In certain aspects, however, 
ownership rights to land (hak garapan) are still treated as it 
is still considered to be owned by their ancestors and must 
be managed properly (Iskandar 1998). 

In the past, based on the Baduy customary law the 
fallow secondary forest had to be recultivated for swidden 
farming after having been left fallow for about 7 years or 9 
years, which is usually odd number, and the land was 
considered fertile and good for swidden farming 
(Purnomohadi 1985; Iskandar 1982). Indeed, the Baduy’s 
perception can be confirmed that after a plot of swidden 
field has been planted with rice, the soil nutrients are 
depleted, and when the plot has been left fallow 
appropriately, such as for 7 years or 9 years, the soil 
becomes fertile enough to grow rice again (cf. Chrisatanty 
1986; Iskandar 1991; Miller 1992; Devi and Choudhury 
2013). Therefore, unlike the sawah cultivation, the swidden 
field is not continuously cultivated for growing rice but the 
plot must be left fallow to restore the soil fertility by 
succession of secondary forest vegetation. A part of 
nutrient is stored in the vegetation and another part is 
returned to the soil surface in the form of litter and rain 
wash (Christanty 1986; Iskandar 1991). The native 
agricultural traditions in the tropics involve cutting down a 
small patch of forest, burning the slash after it has dried, 
planting the crops in the ashes that enrich the soil with 
nutrients and raise the pH of the very acidic forest soil. 
This produces one or two good food crops, but the yields 
decline rapidly, supposedly because the ash nutrients are 
soon leached away or are removed in the harvested food 
plants, and the pH of the soil declines towards its original 
value (Kimmins 1987). Thus, the long-term success of 

swidden cultivation depends on how well the fallow period 
restores or maintains soil fertility (Christanty 1986; 
Iskandar 1991).   

Today, in general, swidden land productivity of the 
Outer Baduy has tended to be maintained because of many 
factors, including appropriate site selection of secondary 
forest (reuma) to be cultivated for swidden farming. 
According to Baduy people, there are some traditional 
ways that can be used to determine whether a reuma 
considered appropriate to be cultivated for swidden 
farming. For example, it is based on characteristic of soils, 
consisting of color, water, stone, and humus content, 
topography, and plant species.  

Local knowledge of soil  
Soil is locally named by the Outer Baduy people as 

taneuh or tanah in the Indonesian language. Moreover, soil 
can be classified by the Outer Baduy people based on 
color, water content, stoniness or rock parent material, and 
humus content and vegetation (Table 1).  

Soil color 
In term of color, soil can be divided into three types, 

namely ‘red soil’ (taneuh beureum), ‘clay soil’ (taneuh 
bodas), and ‘black soil’ (taneuh hideung). Among the three 
types of soil, ‘the black soil’ is considered good for 
practicing swidden farming, because ‘the black soil’ is 
considered fertile (taneuh subur), containing humus 
(surubuk). On the contrary, the other soil types are 
regarded as poor (taneuh anggar) and are not rich in 
humus.  

The Outer Baduy’s soil classification, based on global 
cross culture, is similar to that of Dayak community of the 
Lun Dayeh, the Sub-district of Kerayan, the District of 
Bulungan, East Kalimantan, in which soil is classified into 
4 types based on color, namely ‘white’ (mebuda), ‘black’ 
(mitem), ‘red’ (masia), and ‘yellow’ (mebira). ‘The black 
soil’ is considered more fertile than the other soil types 
(Padoch 1986). Like the Outer Baduy and the Lun Dayeh, 
the traditional community who resides in the Pachmarhi 
Biosphere Reserve (PBR) of India, has traditional 
ecological knowledge that classifies soil based on color, 
namely ‘black’ (teloala), ‘red’ (lalmiiti), and ‘whitish’ 
(chhnimiiti), and ‘the black soil’ is considered fertile (Kala 
2013). 

 
 
Table 1. Classification of soil according to the Outer Baduy people, Banten, Indonesia (Iskandar 1998) 
 

Main criteria Vernacular names English terms Characteristics 

Color Taneuh beureum Red soil Visual appearance is red; considered poor 
 Taneuh bodas Clay soil Visual appearance is white; considered poor 

Taneuh hideung Black soil Visual appearance is black; considered fertile 
Water content/ Stickiness Taneuh liket Sticky soil Poor aerial saturation; fertility is low 

Taneuh bear Non-sticky soil  Good aerial saturation; fertility is high 
Stoniness/ Smoothness Taneuh karang Stony soil Consisting of many stones; considered fertile soil 
 Taneuh euweuh karang Non-stony soil  No stones; fertility is high 

Taneuh keusik Sandy soil High sand content; fertility is moderate 
Humus content Taneuh loba surubuk Rich humus soil High humus soil content; fertility is high 

Taneuh kurang surubuk Poor humus soil Lack of humus; fertility is low 
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Water and stone content  
On the basis of water and air content in the soil, the soil 

can be divided by the Outer Baduy community into two 
categories, namely ‘sticky soil’ (taneuh liket) and ‘non-
sticky soil’ (taneuh bear), because the sticky soil is 
regarded as having poor aeration. This soil is traditionally 
considered not good for growing crops in swidden farming 
compared to the other soil type. On the contrary, the non-
sticky soil is perceived as good for swidden farming, since 
it is considered as having good aeration and is therefore 
good for growing crops in the swidden fields. The Baduy’s 
perception on soil is rational, considering that many 
factors, including sunlight, water, and soil conditions can 
influence plant growth. The good soil for growing crops 
must have fine cavities in the form of soil pores containing 
water and air which are important for enabling crop roots to 
penetrate the soil and branch in it, and take up nutrients 
with the assistance of water (Heddy 2010). 

In addition, the soil can be traditionally classified into 3 
categories based on stoniness/smoothness, namely ‘stony 
soil’ (taneuh karang), ‘non-stony soil’ (taneuh euweuh 
karang), and ‘sandy soil’ (taneuh keusik). Of the three 
categories of soil, the non-stony soil is considered by the 
Outer Baduy as fertile and good for swidden farming. This 
perception is considered rational because soil consisting of 
many stones, in general, does not have much litter and 
humus, does not hold much water and air. So, it is difficult 
for crop roots, and for living organisms to grow in this type 
of soil (cf. Kimmins 1987; Kala 2013).  

Humus and vegetation  
The Outer Baduy community recognizes humus well. 

The humus is traditionally called surubuk, while litter 
consisting of dry leaves and twigs is called koleang. 
According to the Outer Baduy’s perception, the secondary 
forest (reuma) is considered good for swidden farming, if 
such land has a lot of koleang and humus. This local 
knowledge is considered reasonable because koleang and 
surubuk are sources of organic fertilizer that provide macro 
and micronutrients for the growing crops in the swidden 
farming. Indeed, this role of litter and humus is important 
because the Outer Baduy community is prohibited to use 
inorganic fertilizers. According to the Outer Baduy’s 
perception, the soil can have a lot of the litter and humus if 
the land has been left fallow for a long time. The Outer 
Baduy’s perception is regarded as very rational, because it  

has been mentioned by scholars that along with the 
increasing length of fallow period of the secondary forest, 
the amount of vegetation biomass, litter and humus 
increases and the sufficient time period of fallow can 
sustain the long-term success of swidden farming 
(Christanty 1986; Kuyuma and Pirintra 1983; Nye and 
Greenland 1969; Okigbo 1984; Sanchez 1976). More 
recently, Christanty (1989) also mentions that branch and 
foliage biomass of bamboo garden (talun bambu) of 
Selaawi hamlet, Soreang District, West Java, per ha 
increased with the increasing field age. The branch biomass 
increased from 0.1 ha-1 at 16 months to 6.0 t ha-1 at 72 
months. The foliage biomass increased from 2.6 t ha-1 to 
4.7 ha-1 between 36 and 72 months. Moreover, litterfall is 
an important source of the majority of the nutrients taken 
up annually by plants (Kimmins 1987)  

According to the Baduy community, apart from the 
amount of humus on the topsoil, the presence of certain 
plant species in the secondary forest can be used as 
indicator of soil condition and fertility. For example, the 
presence of babakoan (Flemingia lineata (L) Aiton), 
bintinu (Kleinhovia hospita L), mardelan (Macaranga ) 
and kiseureuh (Piper aduncum L) in the secondary forest 
(reuma) are indicators of good and fertile soil. Conversely, 
the secondary forest soil that is grown by reungkay 
(Eugenia linesta), seuhang (Ficus grossularioides 
Burm.f.), peuris (Symplocos cochinchinensis (Lour) 
S.Moore) and hamirung (Vernonia arborea Schreb Ham ) 
is considered poor (Table 2).  

The use of these indicators can be considered rational 
because various plants of Myrtaceae Family and Ficus spp. 
predominantly grow in dry land of secondary forest. 
Conversely, some plants, including kiseureuh (Piper 
aduncum L) normally grows in the moist and relatively 
fertile soil.  

Like the Outer Baduy community, the Lun Dayeh 
cultivators of East Kalimantan, also use some plants as 
indicators to determine soil fertile and suitability for 
practicing the swidden farming. For example, the presence 
of some plants, such as Piper sp. aff. caninum Blume, 
Rubus moluccensis L and Curculigo borneensis Merr in the 
forest can become indicators of good soil conditions. 
Conversely, the presence of some plants, including 
Lycopodium cernuum L, Timonius finlaysonianus Hook f. 
and Curculigo villosa Wall can become indicators of poor 
soil (Table 3).  

 
 

Table 2. Some plant species commonly used by the Outer Baduy, Banten, Indonesia as indicators of soil condition and fertility 
(Iskandar 1998) 
 

Species Family Outer Baduy name Soil condition indicator 

Syzigium sp. Myrtaceae Reungkay Poor 
Ficus grossularioides Burm.f. Moraceae Seuhang Poor 
Flemingia lineata (L) Aiton Fabaceae  Babakoan Good 
Kleinhovia hospita L Sterculiaceae Bintinu Good 
Macaranga triloba Muell Euphorbiaceae Mardelan Good 
Macaranga rhizinoides Muell Euphorbiaceae  Mara Good 
Piper aduncum L Piperaceae Kiseureuh Good 
Symplocos cochinchinensis (Lour) S.Moore  Symplocaceae Peuris Poor 
Vernonia arborea Schreb Ham Asteraceae Hamirung Poor 
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Table 3. Common plant species indicating agricultural potential according to Lun Dayeh farmers of East Kalimantan, Indonesia (Padoch 1986) 
 

Species Family Lun Dayeh name Condition indicator 

Rubus moluccensis L Rosaceae Serinit Good 
Selaginella sp. aff. brevipes Fee  Selaginaceae Gugor Good 
Piper sp. aff. caninum Blume Piperaceae Buyu’ berek  Good 
Curculigo borneensis Merr Hypoxidaceae Lapa’ Good  
Cyrtanda trisepala C.B.L Gesneriaceae Taneb luba’ Average 
Lycopodium cernuum L Lycopodiaceae Lio fade Poor 
Curculigo villosa Wall Hypoxidaceae Tamar Poor 
Timonius finlaysonianus Hook f. Rubiaceae Anur sia’ Poor 
Clethra lonspicata J.J.Sm Clethraceae Anur ferian Poor 
 
 
 
 

The local knowledge of Lun Dayeh farmers (emic 
perception) is similar to that of Dr. Paul Chai, Forest 
Botanist of Sarawak (ethic perception), who identified the 
plant specimens. Based on his study of local vegetation 
ecology, he made ratings of plant species as an indicator of 
agricultural potential. His ratings were exactly the same as 
those of the Lun Dayeh informants of East Kalimantan 
(Padoh 1986). Therefore, biological components, including 
plant species are traditionally used as indicators of soil 
fertility (cf. Saito et al. 2006; Lima and Brussaard 2010; 
Vourlitis et al. 2012). 

Topography 
Topographically, the Baduy area consists of moderately 

steep to very steep hill and mountain, and forms a ridge and 
valley complex. Based on the Baduy classification (folk 
classification), the topography of the fallow secondary 
forest (reuma) can be divided into two categories, mainly 
steep slope (lahan gedeng) and flat area (lahan cepak). The 
topsoil on flat or non-steep land of the secondary forest is 
traditionally considered not seriously eroded by run-off 
during rainy season. As a result, the secondary forest that is 
located in non-steep slope is considered good for the 
practice of swidden farming. In addition, the land can be 
cultivated for two consecutive years. Conversely, because 
the topsoil of secondary forest as well swidden land is 
considered vulnerable to serious soil erosion (taneuh dadas 
kabawa cai), the steep slope land can be considered not 
good for the practice of swidden farming. Indeed, it can be 
cultivated only one time and after rice harvesting, it is 
directly left fallow for several years. The Outer Baduy’s 
perception on land suitability for the practice of swidden 
farming is in accordance with the statement of Kimmins 
(1987). According to Kimmins much of the really fertile 
soils on moderate topography in areas with climate that are 
suitable for high-production forestry have already been 
sequestered by agriculture, while steeper slopes and ridge 
tops undergo more rapid erosion and consequently often 
have thinner soils with a coarser texture than the more 
gentle slopes. Water drains rapidly from such sites and 
therefore the soils are drier.  

Soil fertility 
Based on scientific knowledge (ethic perception), from 

the soil samples taken from different areas of Baduy, it can 

be seen that the soil in Baduy area is predominantly brown 
latosol (latosol coklat). In general, the Baduy areas, 
including Kaduketug, Kaduketer, and Gajeboh have soil 
fertility variation, having clay texture comprising clay 
particles (56.9%), silt (32.2%) and sand (10.9%) 
(Purnomohadi 1985). 

Similarly, according to the Outer Baduy informants, 
soil fertility in the Baduy areas varies from place to place. 
In the Outer Baduy areas, for example, some areas of 
Kaduketug and Kadujangkung are recognized as fertile 
(tanah subur), while in the south between Cicakal Hilir and 
Cicakal Girang the soil is thought to be poor (taneuh 
anggar). In some parts of neighboring areas, such as 
Kaduheulang near Cihandam, the northern part of the 
Baduy area, the soil is also recognized as fertile (Iskandar 
1999). To analyze soil conditions particularly regarding 
soil reaction (pH), cation exchange capacity, saturated 
aluminum, dry bulk density, water availability, and 
permeability, some soil samples were taken from different 
areas of the Outer Baduy areas, classified by informants as 
‘poor (taneuh anggar) and ‘fertile’ (taneuh subur). Fertile 
soil (type A) and poor soil samples (type B) were taken 
from the Cihulu and Cicakal Muhara area, respectively. 
This soil samples were analyzed in the soil laboratory of 
the Agriculture Faculty of Padjadjaran University, 
Sumedang, Indonesia.  

From the Soil Laboratory analysis, it can be inferred 
that the quality of the ‘fertile' soil (type A) tended to be 
better that of the ‘poor’ soil (type B). For example, the type 
B soil was highly acidic, particularly in the land left fallow 
for 2 to 3 years. Soil type A, however, was only very acidic 
when the sample was taken from the land left fallow for 1 
and 2 years (Table 4) (Iskandar 1998). 

The cation exchange capacity of soil type A was higher 
than that of soil type B, which means that soil type A has a 
higher capacity to maintain its fertility than soil type B 
(Table 5). The saturated aluminum content, which can 
poison crops if it is in excess, was higher in soil type B. In 
type B samples, high percentage of saturated aluminum 
was recorded for soil from the land left fallow for 1 to 4 
years, while in soil type A it was found only in the land left 
fallow for 1 and 2 years (Table 6).  

Dry bulk density of topsoil of type A was slightly better 
than that of B. This is probably because the decrease of 
bulk density has occurred faster in type A soils than in type 



ISKANDAR et al. – Site selection and soil fertility management by the Outer Baduy People 

 

1341

B, may be due to the faster rate of organic material 
decomposition in type A than in type B (Table 7). For other 
characteristics, water availability and permeability, soil 
type A was also relatively better than type B (Tables 8 and 
9).  

Overall, the Baduy’s perceptions on poor soil (taneuh 
anggar) are confirmed by the results of laboratory 
analyses, particularly with respect to pH, cation exchange 
capacity, based saturation, saturated aluminum, dry bulk 
density, water availability and permeability (Iskandar 
1998).  

Today, because traditional Baduy is forbidden to use 
artificial chemical fertilizers, the duration of fallow period 
and the kind of vegetation succession have an important 
role in maintaining soil fertility. The transfer of nutrients 
between soil and vegetation in swidden farm has 3 aspects: 
uptake by vegetation, removal from the vegetation and 
return to soil. The nutrients are returned to soil in litter, in 
rain wash and in ashes from the burning of biomass, roots 
excretions, and mineralization of organic matter. Nutrient 
losses can be caused by soil erosion (Nye and Greenland 
1960; Christanty 1986). 

Nutrient inputs from vegetation after swidden fields 
have been left fallow can be very rapid, depending upon 
the health and extent of coppiced vegetation and the 
remaining seed bank on the site. According to Kalpage 
(1976), the rate of accumulation of nutrients in forest 
vegetation is high in the early years of the fallow when 
most of the vegetative growth takes places. Therefore, the 
effects of fallow period in swidden cultivation are critical 
(cf. Devi and Choudhury 2013). Soil fertility can be 
maintained by inputs of nutrients during the fallow period, 
and soil fertility decreases through nutrient use by crops 
and soil loss due to erosion which occurs mainly during the 
cropping period. Nutrients are usually taken up by annual 
crops, such as rice, and the land surface is not necessary 
densely covered by vegetation, so the nutrients in the soil 
decrease. However, erosion usually decreases after rice 
harvesting when vegetation well covers the land surface 
during the fallow period (Wiersum 1984).  

Management of soil fertility 
Some efforts, including applying zero tillage, planting 

various legume plants, and improving fallow period have 
been undertaken by the Outer Baduy community to 
maintain soil fertility in the management of their traditional 
swidden farming system.  
  
 
 

Table 4. The pH of composite soil samples from the Outer Baduy 
area, Banten, Indonesia at depths of 0-20 cm (Iskandar 1998) 
 

Fallow period 
(year) 

Soil reaction (pH) 
Fertile soil (taneuh 

subur) [Type A] 
Poor soil (taneuh 
anggar) [Type B] 

4 5.00 (acidic) 4.46 (acidic) 
3 4.70 (acidic) 4.39 (highly acidic) 
2 4.24 (highly acidic) 4.21 (highly acidic) 
1 4.41 (highly acidic) 4.30 (highly acidic) 
  

Table 5. The cation exchange capacity (CEC) of composite soil 
samples from the Outer Baduy area, Banten, Indonesia at depths 
of 0-30 cm (Iskandar 1998) 
 

Fallow period 
(year) 

Cation exchange capacity (me/100 g) 
Fertile soil  

(taneuh subur) 
Poor soil  

(taneuh anggar) 
4 25.58 (high) 14.29 (low) 
3 37.52 (high) 14.77 (low) 
2 21.38 (medium) 15.26 (low) 
1 25.56 (high) 14.87 (low) 

  
 
 
Table 6. The saturated aluminum of composite soil samples from 
the Outer Baduy, Banten, Indonesia area at depths 0-30 cm 
(Iskandar 1998) 
 

Fallow period 
(year) 

Saturated aluminum (%) 
Fertile soil  

(taneuh subur) 
Poor soil  

(taneuh anggar) 
4 12.91 (low) 41.75 (high) 
3 18.03 (low) 52.92 (high) 
2 45.87 (high) 49.92 (high) 
1 80.95 (high) 50.51 (high) 
  
 
 
Table 7. The dry bulk density of topsoil of soil samples from the 
Outer Baduy area, Banten, Indonesia (Iskandar 1998) 
 

Fallow period 
(year) 

Dry bulk density (g/cm3) 
Fertile soil  

(taneuh subur) 
Poor soil  

(taneuh anggar) 
4 0.78 0.81 
3 0.83 0.82 
2 0.91 0.82 
1 1.08 1.04 

 
 
 
Table 8. The water availability of composite soil samples from 
the Outer Baduy area, Banten, Indonesia (Iskandar 1998) 
 

Fallow 
period 
(year) 

Wa (2.42% of volume) Wa (4.20% of volume) 
Fertile soil 

(taneuh 
subur) 

Poor soil 
(taneuh 
anggar) 

Fertile soil 
(taneuh 
subur) 

Poor soil 
(taneuh 
anggar) 

4 52.51 48.44 35.78 33.91 
3 50.46 47.88 33.22 33.04 
2 48.54 45.29 34.38 32.27 
1 46.84 42.68 27.46 30.73 
 
 
 
Table 9. The permeability of composite soil samples from the 
Outer Baduy area, Banten, Indonesia (Iskandar 1998) 
 

Fallow 
period (year) 

Permeability (cm/hour) 
Fertile soil  

(taneuh subur) 
Poor soil  

(taneuh anggar) 
4 2.44 (moderate) 1.07 (somewhat poor) 
3 2.40 (moderate) 1.88 (somewhat poor) 
2 2.43 (moderate) 0.84 (somewhat poor) 
1 2.33 (moderate) 0.71 (somewhat poor) 
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Zero tillage 
Traditionally, the land use systems in the Outer Baduy 

can be divided into three zones (Iskandar and Iskandar 
2017 d). The first zone is flat area, near water sources, 
mainly used for settlement and hamlet forest (dukuh 
lembur). The second zone is located in the upper part of 
settlement area on hillsides. The third zone is located on 
top of the hills, traditionally allocated for mature forest and 
never cleared for swidden farming. The swidden farming is 
predominantly done in the second zone (Iskandar 1998). 
Therefore, the second zone is composed of overlapping 
swidden fields (huma) and the secondary forest (reuma) at 
different ages. Reuma left fallow for less than one year, 
between two and three years, and more than 3 years is 
called jami, reuma ngora, reuma kolot, respectively. 

In term of topography, the Outer Baduy swidden fields 
are predominantly located in steep slopes. For example, the 
direct measurement of topography of swidden fields from 
15 samples showed that the swidden fields are located on 
the topography between 200 (36%) and 350 (70%) (Table 
10) (Iskandar 1985).  

The swidden fields of Outer Baduy are located in 
various altitudes and topographical variations. Two main 
categories of slope based on the Outer Baduy perception, 
mainly non-steep slope or flat area (lahan cepak) and steep 
slope area (lahan gedeng). The non-steep lands are 
considered good for practicing the swidden farming, better 
than the steep slope, because the humus on the topsoil is 
not eroded during the rainy season (humus henteu kabawa 
cai hujan). Conversely, the steep slope lands are considered 
not good for practicing swidden farming because the 
humus on the topsoil of the steep slope is seriously eroded 
during the rainy season (humus kabawa cai hujan di lahan 
gedeng). Therefore, the zero tillage is normally applied in 
preparing swidden field, before rice planting, to avoid soil 
erosion, particularly during the rainy season. Based on the 
Baduy’s culture, the Baduy community is prohibited to hoe 
ground. Consequently, soil structure and soil erosion can be 
minimized. The tillage can affect positively and negatively 
on soil condition. The positive effects of tillage on soil 
conditions are improvement of aeration and infiltration 
capacity, heat reduction and capillary connection breaking 
down in the soil, creating favorable conditions for seed 
germination. However, the tillage can also have negative 
effects on soil organisms and increase mineralization of 
organic matter. If not undertaken well, it can also increase 
erosion (Reijntjes et al. 1992). In addition, the Outer Baduy 
community is prohibited from applying synthetic chemical 
fertilizers. Therefore, the soil fertility of the swidden fields 
is determined by the dead vegetation biomass in the forms 
of leaf litter and necromass which eventually become 
humus. During the fallow period, the swidden land 
regenerates and becomes immature secondary forest and 
then mature secondary forest by natural succession process. 
In addition, soil fertility of swidden field is determined by 
nutrients from ashes resulting of vegetation burning during 
land preparation. 
 
 
 

Table 10. The swidden plots of the Outer Baduy (Banten, 
Indonesia) swidden farming (Iskandar 1998) 
 

No. 
Size 

(hectares) 

Amount of 
paddy seeds 

(bundles) 

Slope of swidden sites 
in degree () and 

percent (%) 
1 0.24 2 27 (51) 
2 0.97 9 35 (70) 
3 1.31 13 25 (46) 
4 0.66 6 27 (51) 
5 043 4 27 (51) 
6 0.11 1 27 (51) 
7 0.49 4 27 (51) 
8 0.24 2 17 (30) 
9 0.34 3 25 (46) 
10 0.21 2 21 (38) 
11 1.38 13 10 (17) 
12 0.85 8 25 (46) 
13 0.21 2 21 (38) 
14 1.84 18 30 (57) 
15 2.34 23 20 (36) 
  
 
 

The swidden activities of the Outer Baduy are 
predominantly undertaken in the steep slope area. 
However, landslide has rarely occurred because the Outer 
Baduy community has managed the swidden farming based 
on traditional ecological knowledge embedded in the local 
culture. The soil erosion and landslide are avoided by some 
mitigating efforts. For example, during the land preparation 
of cutting trees on steep slopes, the branches of trees of 
kawung (Arenga pinnata (Wurmb) Merr), bambu 
(Gigantochloa apus (Shult. F.) Kurz, and ki sereuh (Piper 
aduncum L) are placed across on the ground of the hill that 
constructs a terrace or soil embankment. Therefore, soil 
eroded from the topsoil can be retained by the traditional 
terraces. Moreover, the soil along the embankments can be 
grown with various annual crops which grow well because 
the soil is fertile due to sedimentation of eroded soil from 
topsoil.  

Planting various legume plants  
Each household of Outer Baduy community has 

swidden field varying in sizes from small (0.11 ha) to large 
(2.34 ha) (Table 10). After the burning of biomass from 
slashed shrubs and tree branches, before the beginning of 
rainy season, on the month of Kasalapan (September-
October), the rice seeds and other annual crops are planted. 
Non-rice crops, such as banana (Musa x paradisiaca L), are 
planted early in the swidden fields, namely during the 
drying of vegetation biomass from slashed shrubs and tree 
branches (ngaganggang) at the month of Kadalapan 
(August-September). Young banana plants are buried when 
the vegetation is burned, and covered in soil and humus. 
Therefore, although the leaves are sometimes scorched, the 
plants will grow well because the roots are encased in 
humus (Iskandar 1998). The distance among banana trees 
is relatively close, if the field will be cultivated with rice 
one time or will not be recultivated in the following season.  
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However, if the field will be planted with rice for two 
consecutive years, the banana trees are planted at a longer 
distance, so the the canopy of banana trees does not shade 
the rice.   

At the time of rice planting, on the month of Kasalapan 
(September-October), various non-rice crops, such as 
kacang penyut (Vigna sinensis L), hiris (Cajanus cajan (L) 
Millsp), cengek (Capsicum frutescens L), hanjeli (Coix 
lacryma-jobi L), kunyit (Curcuma domestica Val), wijen 
(Sesamum indicum L), terong (Solanum melongena L), 
jagung (Zea mays L), bonteng gede (Cucumis sp.) , kepes 
(Dolichos sp.), kacang jerami (Vigna sp.), kacang 
belendung (Phaseolus vulgaris), roay (Dolichos lablab), hui 
(Dioscorea alata L), talas (Colocasia esculenta (L) Schott), 
emes (Luffa acutangula (L) Roxb), jaat (Psopocarpus 
tetragonolobus (L) DC), and waluh (Cucurbita moschata 
Durch) are planted in the swidden fields (Table 11). 
Traditionally, the swidden fields are planted with high 
diversity of plants. Therefore, the swidden fields are 
important for conservation of biodiversity and managing 
them properly can become an appropriate strategy to 
mitigate various risks of crop failure harvest due to 
unpredictable environmental changes, including drought 
and pests (cf. Aryal and Choudhury 2015).  

Hiris (Cajanus cajan (L) Millsp) and kacang penyut 
(Vigna sinensis L) are planted in one hole with rice seeds. 
Some liana crops are planted near trees because they need 

the trees to creep on. Hanjeli (Coix lacryma-jobi L) trees 
are planted on the edges of the swidden fields at the same 
time with the planting of rice. Trubus/tiwu endog 
(Saccharum edule Hasskarl) and kumili ( (Plectranthus 
rotundifolius (Poiret) Sprengel) are grown at the same time 
with the first weeding at the month of Kasapupuh 
(October-November). Dangdeur/singkong (Manihot 
esculenta Crantz) is grown at the same time with the 
second weeding in the month of Hapit Lemah (November-
December). Tiwu endog, ubi jalar/mantang (Ipomoea 
batatas (L) Lam), and singkong are also planted after the 
harvesting of rice, before the land is left fallow.  

Among various annual crops jointly grown with rice, 
many are categorized as legume crops (Family Fabaceae), 
such as hiris, roay, and kacang penyut (Table 11). In 
addition, perennial trees of legumes, including jeujing 
(Albizzia chinensis (Osb)), kihiang (Albizzia procera 
(Roxb) Bth), kitoke (Albizia lebbeck (L), peuteuy (Parkia 
speciosa Hassk), and jengkol (Archidendron pauciflorum 
(Benth) I.C. Nielen) are commonly found in the swidden 
fields. Since these trees grew in the secondary forest 
(reuma) are not cut but only pruned during the land 
preparation, these perennial trees and annual crops of 
legumes play an important role in improving soil fertility 
due to their ability to live in symbiotic relationship with 
rhizobia that can fix atmospheric nitrogen (Reijnthes et al. 
1992).  

 
 
 
 
Table 11. Cropping calendar of the Outer Baduy, Banten, Indonesia (Iskandar 1998) 
 

Local names of crops 
Months (P planting, harvesting; .. cropping period; fr=fruiting) 

Sa Ka Kn Kp Kd Ks Kh Hl Hk Ks Kr Kt Sa 
Pare (Oryza sativa L)      P .. .. .. .. .. H  
Kacang penyut (Vigna sinensis L)*      P .. .. .. .. .. H  
Hiris (Cajanus cajan (L) Millsp)*      P .. .. .. .. .. .. H 
Cengek (Capsicum frutescens L)      P .. .. .. .. .. .. H 
Hanjeli (Coix lacryma-jobi L)      P .. .. .. .. .. H  
Kunyit (Curcuma domestica Val)      P .. .. .. .. .. H  
Wijen (Sesamum indicum L)      P .. .. H     
Tiwu endog (Saccharum edule Hasskarl) P .. .. H   P .. H     
Mantang (Ipomoea batatas (L) Lam) P .. .. H     P .. .. H  
Dangdeur (Manihot esculenta Crantz)        P .. … … … H 
Cau (Musa x paradisiaca L) P .. .. .. .. .. .. .. .. .. .. .. H 
Terong (Solanum melongena L)      P .. .. H     
Jagong (Zea mays L) P .. .. H          
Bonteng gede (Cucumis sp.)      P .. H      
Kepes (Dolichos sp.)*       P .. .. .. .. .. .. H 
Kacang jarami (Vigna sp.)*       P .. .. .. .. .. .. H 
Kacang belendung (Phaseolus vulgaris L)*      P .. .. .. .. .. H  
Roay (Dolichos lablab)*      P .. .. .. .. .. H  
Hui manis (Dioscorea alata L)      P .. .. .. .. .. .. H 
Taleus (Colocasia esculenta (L) Schott) .. H    P .. .. .. .. .. .. .. 
Emes (Luffa acutangula (L) Roxb)      P .. .. .. .. .. .. H 
Jaat (Psopocarpus tetragonolobus (L) DC)*      P .. .. .. .. .. .. H 
Waluh (Cucurbita moschata Durch)      P .. .. H     
Kumili (Plectranthus rotundifolius (Poiret) Sprengel)       P .. .. .. .. .. .. 
Durian (Durio zibetinus Murr) and other fruits  Fr Fr Fr Fr Fr Fr Fr      
Note: Sa=Sapar (April-May); Ka=Kalima (May-June); Kn=Kanem (June-July); Kp=Kapitu (July-August); Kd=Kadalapan (August-
Sept); Ks=Kasalapan (Sept-Oct); Kh=Kasapuluh (Oct-Nov); Hl=Hapit Lemah (Nov-Dec); Hk=Hapit Kayu (Dec-Jan); Ks=Kasa (Jan-
Feb); Kr=Karo (Feb-March); Kt=Katiga (March-April); P=Planting; H=Harvesting; Fr=Fruiting 
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In addition, the legume trees, particularly albizia trees 
(Falcataria moluccana (Miq.) Barneby & J.W. Grimes, 
syn.: Paraserianthes falcataria (L) Nielsen) are not only 
important for improving soil fertility but can also be sold to 
provide cash income for the households (Iskandar and 
Ellen 2000). The planting of albizia trees in the swidden 
fields is similar to that of hiris trees in that the trees are 
jointly grown with rice seeds or grown between rows of 
rice crops. After the planting of rice, the albizia trees are 
allowed to grow in the fallow land of secondary forest. 
When a farmer of the Outer Baduy wants to recultivate the 
land that has been left fallow for more than 3 years, the 
mature albizia trees are cut. Moreover, the albizia timbers 
are sawed to make logs and sold by volume in cubic meter. 
Therefore, planting albizia trees in the secondary forest that 
it has been left fallow has an important to provide cash 
income. According to informants, the secondary forest of 
size approximately 0.5 hectares and planted by albizia trees 
between 350 and 400 individual. About 4 years the mature 
albizia trees can be harvested and may provide about 
between 10,500,000 and 12,000,000 rupiahs in 2007.  

Improving fallow land 
According to environmental history, after the harvesting 

of rice, the land of the Outer Baduy was left fallow for a 
long time. Traditionally, the land was left fallow for 7 years 
or 9 years, using odd numbers (Purnomohadi 1985; 
Iskandar 200; 2007). However, nowadays because the 
population increases and the secondary forest area 
decreases due to conversion of land into swidden fields, the 
land is left fallow for approximately 3 to 4 years. 
Moreover, the Outer Baduy have tried to cope with the 
shortage of mature secondary forest by developing some 
strategies. For example, they have involved in temporary 
migration to neighboring area of the Muslim territory to 
practice swidden farming by renting land and sharing crops 
(Iskandar and Iskandar 2018). The Outer Baduy have also 
tried to select and introduce new cash crops, which bring 
more benefits to the swidden farmers, including albizia and 
coffee. In addition, they have tried to maintain the soil 
fertility and accelerate the recovery of soil fertility in the 
fallow land. Normally after rice harvesting, the land is left 
fallow to develop into secondary forest through vegetation 
succession. The fallow land that is still predominantly 
covered with straws (jami) is cultivated by annual crops 
such as ubi jalar/mantang, singkong/dangdeur, trubus/tiwu 
endog, and jagong to make it a garden or it is directly 
abandoned. For the land which is directly left fallow, the 
straws and legume crops are left to decompose into humus. 
Moreover, the fallow land is grown by shrubs, including 
kaso (Saccharum spontaneum L), babakoan (Flemingia 
lineata (L) Aiton), ki seureuh (Piper aduncum L), beunying 
(Ficus brevicuspis Mq), and mardelan (Macaranga triloba 
Muell). The land left fallow for 2 years is called as reuma 
ngora and the land left fallow for more than 2 years is 
called reuma kolot. 

To accelerate the recovery of soil fertility of the fallow 
land, the Outer Baduy community has planted albizia trees 
(F. moluccana). Initially, the albizia seedlings are planted 
in the swidden fields during the rice planting. When the 

rice is harvested, the young albizia trees are allowed to 
continue growing. The straws and grasses around the 
albizia trees are cleared by machetes and the remaining 
biomass are piled surrounding trees, functioning as organic 
fertilizers in the secondary forest that has been felt fallow. 
So at that time, the swidden farmer can obtain land ready to 
recultivate and can harvest albizia timbers to sell to 
middleman to get cash money. According to our 
informants, the albizia tree seedlings with a height of 0.5 
meters are purchased at a price of a thousand rupiah per 
seedling in 2017, while the albizia timber can be sold at a 
price of 250.000 rupiahs per cubic meter. The 0.5 ha 
swidden plot is grown with about 350 trees. As a result, 
cultivating the albizia trees mixed with rice in the swidden 
field provide both ecological and socio-economic benefits 
(Iskandar and Ellen 2000). In term of ecological benefits, 
planting albizia has improved soil fertility both in the huma 
and reuma (Figure 4).  
 

  
 
Figure 4. Albizia (Falcataria moluccana (Miq.) Barneby & J.W. 
Grimes) trees and kawung (Arenga pinnata (Wurmb) Merr) are 
grown in fallow land (reuma) 
 
 
 

 
 
Figure 5. A boy of the Outer Baduy (Banten, Indonesia) is 
harvesting fruits of rindu (Piper rindu C.DC.) at the fallow land 
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Another attempt to improve soil fertility of fallow land, 
is planting another legume tree, dadap (Erythrina 
variegata), which plays an important role in improving soil 
fertility. In addition, this tree is also used by a creeping 
plant, rindu (Piper rindu C.DC.) to creep on. Dry seeds of 
rindu are commonly sold to middleman at a price of 
120,000 rupiahs/kg in 2007. Indeed, the integration of 
dadap (Erythrina variegata L) trees with the rindu not only 
improves soil fertility but also provides money (Figure 5).  

Another commercial crop, coffee (Coffea arabica L) is 
also commonly grown in the fallow swidden land. Initially, 
it was prohibited to plant coffee trees in the past. However, 
nowadays, coffee trees have been introduced by the Outer 
Baduy. Unlike the albizia, coffees are not planted in the 
swidden fields but the fallow land. As a result, the coffee 
trees have not disturbed the swidden farming systems, but 
can be integrated into the more permanent fallow land 
which is not regularly cut for swidden farming rotation. 
The production of coffee is predominantly used for home 
consumption and some surpluses are also sold to 
middleman. In the Outer Baduy area, the dry coffee beans 
are locally sold at a price of 25,000 rupiahs/kg in 2017. The 
coffee trees are usually grown in mixture with dadap and 
albizia whose functions are to provide shading for the crops 
and to improve soil fertility. Therefore, the fallow 
secondary forest (reuma) can be considered very important 
both for restoring soil fertility and for providing 
productions of non-rice crops to be used for the household 
consumption and cash income (cf. Iskandar 2007; 
Weinstock 2015; Partey et al 2017). Undoubtedly, planting 
legume trees as a nitrogen-fixing plant, mixed with other 
cash-crops in the fallow land can become a strategy for 
sustainable soil fertility management (cf. Bunch 2015; 
Garrity 2015; Ramakrishnan 2015; Partley et al. 2016).  

To sum up, it can be concluded that to maintain soil 
fertility in the swidden cultivation, the Outer Baduy people 
have developed some strategies, such as implementing 
appropriate fallow time period, applying zero tillage, and 
planting legume crops in both the swidden field and the 
fallow land. Traditionally, because the Outer Baduy are 
forbidden to use inorganic fertilizers, the time period of 
fallow and kind of vegetation succession have an important 
role in maintaining soil fertility. Thus, we suggest that the 
traditional ecological knowledge (TEK) of the farmers and 
Western scientific knowledge be integrated to support 
sustainable agriculture development program in Indonesia 
for the future, which is ecologically sound, economically 
viable, and adaptable to various ecological and economic 
changes.  
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Abstract. Syarifuddin, Hafnisiregar E, Jambak J, Suryani C. 2018. The impact of oil palm plantation on ecology of rambutan 
(Nephelium lappaceum) insect pollinators. Biodiversitas 19: 1347-1351. The establishment of oil palm plantation in Sumatra was the 
result of massive conversion of its rainforest. Many studies have shown that oil palm plantation is a main threat to biodiversity including 
insect pollinators. However, its effect on the ecology of insect pollinators is still poorly studied. In this study, we investigated the impact 
of oil palm plantation on the species richness and composition, abundance as well as pattern of time period and duration of insect visit 
on rambutan, Nephelium lappaceum, flowers. Insect visitors of flowers were compared between rambutan grown in the Oil Palm 
Plantation (OPP) ecotone and the one in the mixed Oil Palm Garden Forest (OPGF) ecotone. Number of visiting insects on each 
pannicle in ten minutes period and number of flowers and pannicles visited within 2 minutes were enumerated. The length of time of a 
randomly selected individual of the most abundant insects visited a flower and a pannicle was also recorded. The results showed that 
species composition of insect visitors was different between the two ecotones and total insect abundance was significantly higher on 
rambutan flowers located in the OPGF ecotone compared to rambutan trees grown close to oil palm plantation. The insect visitors on 
rambutan flowers in the OPGF ecotone were dominated by bees while in the OPP was dominated by Calliphorid fly. Among the main 
pollinators, the bee Apis cerana visited far more flowers and pannicles compared to Trigona sp and Chrysomya sp. Thus, more evidence 
showing that oil palm plantation probably has caused the disappearance of main species of bee pollinators, reduced abundance of flower-
visiting insects, change of pollinator species composition, change of the pattern of time and change the duration of insect visit of 
rambutan flowers.  

Keywords: Abundance, insect visitors, oil palm plantation, rambutan, species composition 

INTRODUCTION 

Most flowering plants depend on insects for pollination 
to occur successfully; however forest conversion has 
reduced insect diversity and abundance including bees. 
Rate of visitation to crop flowers by wild insects has 
positive correlation with flower-visitor richness (Garibaldi 
et al. 2013). Worldwide the most important bee pollinators, 
Apis mellifera dominates crop pollination (Abrol 2011), 
however, stingless bees are the largest and the most widely 
distributed genus in the tropics and subtropics, i.e., ± 130 species. 
These small size bees have shown to play very important 
role in pollinating agricultural as well as forest plants.  

Despite their critical role in most plant fertilization bee 
pollinators have declined due to a number of factor 
including forest fragmentation, clearing or conversion. 
Ricketts (2004) showed that forest conversion into 
plantation has caused 50% drop in Apis visitation rates 
from 2001 to 2002, however, the reduction was only 9% 
near the forest. Further, where Apis was not present, wild 
stingless bees such as meliponine bees replaced the role of 
Apis for most of the visits at near forest sites (Ricketts 
2004). In countries where intensive land usage and loss of 
habitat for pollinators it was recorded that their coffee 
plantations had reduced yields (loss of 20-50%), in spite of 

their attempt to increase cultivation (Roubik 2002).  
Palm plantations are blamed to be the major cause of 

fragmentation and loss of forest habitats in Indonesia 
(Buckland 2005; Koh and Wilcove 2008). The 
establishment of these plantations usually results in the 
near total clearing of former vegetation. A number of 
studies shown that the diversity of natural flora and fauna 
in oil palm plantations are greatly reduced when compared 
to lowland rainforests (e.g., PORIM 1994; Gillison and 
Liswanti 1999; Peh et al. 2006; Maddox 2007; ) and even 
when compared to disturbed natural forest (Fitzherbert et 
al. 2008). Thus the palm plantation has become the main 
threat to biodiversity in Indonesia, especially in Sumatra 
and Kalimantan.  

Rambutan (Nephelium lappaceum L), one of the most 
important tropical fruits in Binjai, North Sumatra, Indonesia, 
and the adjacent areas. This native plant, requires insects 
for cross-pollination for fertilization to occur. Rincon-
Rabanales et al. (2015) found that rambutan pollinated by 
stingless bees increased fruit production by nearly ten 
folds. However, lately many farmers have replaced their 
farm with oil palm plants. Thus, most of the remaining 
rambutan plants in this area has been surrounded by oil 
palm plantation. In this study, we investigated whether oil 
palm plantation affects the biodiversity, composition and 
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abundance and the main pollinators of rambutan. We 
compared visiting insects to rambutan flowers in two sites, 
one location rambutan trees grew neighboring to merely oil 
palm plantation (oil palm) versus the rambutan trees close 
to oil palm plantation which close to a mixed garden and 
natural forest. 

MATERIALS AND METHODS 

Study site 
The study took place in five locations near the Leuser 

National Park, North Sumatra, Indonesia where rambutan 
trees (Nepheliuma lappaceum var. Binjai) were grown. 
Five rambutan trees and five pannicles from each tree were 
randomly selected for observing the visiting insects. Some 
of the rambutan trees neighboring only oil palm plantation, 
called "OPP (Oil Palm Plantation) ecotone", and the rest 
grew close to oil palm plantation but also neighboring to 
mixed garden and forest, called "OPGF (Oil Palm Garden 
Forest) ecotone”. The study was carried out during rambutan 
flowering period, i.e. May and July in 2015 and 2016. 

Observation procedure 
The observation started at 7.30 am in the morning and 

ended at 16.30 pm, and a one hour break between 12.00 to 
13.00 as based on the trial observation prior to the data 
collection shown that generally, very little insect activities 
occurred, during midday. Each pannicle was observed for 
10 minutes and a three minutes pause before observing the 
next pannicle. Data of duration of insect visit on a flower 
and a pannicle was carried out by randomly select one 
individual from the most common visiting insects. Length 
of visit by an insect since it landed on a flower, and 
followed it until the insect flew off. The time to record this 
duration of visit was limited for 25 minutes. Thus, a total of 
90 minutes was needed to complete a cycle of observation.  

Prior to the data collection, five observers practiced for 
three days in each location to recognize each visiting 
insects and counted the numbers for each taxon and later 
measure the length an insect visiting a rambutan pannicle. 
This meant to ensure that the observers knew the insects on 
naked eyes to be recorded. For the purpose of insect 
recognition, unknown insects were caught insect were 
roughly matched to Michener (2007) for bees in general; 
Rasmussen (2008), Sakagami (1975) and Sakagami et al. 
(1990) for Trigona and McAlpine (1981) for other 
dipterans, to family or genera level where possible. Many 
insects were named with their prominent characteristics. 
Proper identifications were carried out in the laboratory.  

Data analysis 
Comparison of number insect taxa visiting flowers in 

OPGF and OPP was analyzed using t-test. Comparison 
among insect visitors from morning to late afternoon in 
both ecotones was analyzed using two-way ANOVA 
followed by Tukey test. Data about the duration of insect 
visited a rambutan flower, and a pannicle was analyzed 
using Kruskal-Wallis. All of the analysis was carried out 
using SPSS v. 21.  

RESULTS AND DISCUSSION 

Results 
Thirty-five species of insect were observed visited the 

rambutan flowers in both ecotones, OPGF ecotone and 
OPP ecotone, however only 21 species were found on 
rambutan, N. lappaceum, flowers grown in OPGF ecotone 
versus 24 species of insects in OPP ecotone (Table 1). 
Among the 21 insect species visiting the rambutan flowers 
in the OPGF ecotones, 11 species were not observed in the 
OPP ecotones, on the other hand from the 24 insect species 
found on the rambutan flowers in the OPP ecotones 13 of 
them were not found on rambutan flowers in the OPGF 
ecotone. The most abundant insect visitors were Trigona 
sp., Chrysomya megacephala, and Apis cerana. However, 
A. cerana were absent on rambutan flowers in the OPP 
ecotone and the main visiting insects were C. megacephala, 
a calliphorid insect species.  

 
Table 1. Visiting insect pollinators on rambutan flowers based on 
a 10 minutes observation on each pannicle in mixed Oil Palm 
Garden Forest (OPGF) ecotone and in Oil Palm Plantation (OPP) 
ecotone 
 
Order  
Family  

Species OPGF OPP 

Hymenoptera 
Apidae Apis cerana **  

Apis dorsata  * 
Trigona sp. *** * 
Xylocopa latipes *  
Xylocopa confusa * * 
Ceratina sp. * * 

Halictidae Nommiinae   * 
Megachilidae Lithurgus sp. *  
Braconidae Tachytes sp.  * 
Vespidae Delta campaniforme * * 

Allorhynchium sp. 
Vespa affinis 

 * 

Diptera    
Syrphidae Episyrphus balteatus  * 

Eristalis arvorum *  
Epistrophe grossulariae  * 
Eristalinus quinquelineatus  * 
Dideopsis aegrota * * 
Chrysotoxum sp. *  

Sarcophagidae Sarcophaga carnaria * * 
Sarcophaga sp.  * 

Calliphoridae Chrysomya megacephala ** *** 
Stratiomyidae Stratiomyidae   * 
Muscidae Musca domestica  * 
Platystomatidae Scholastes sp. *  

 Diptera sp.1 *  
 Diptera sp.2 *  
 Diptera sp.3 *  
  Diptera sp.4 * * 
Lepidoptera    
Pieridae Neptis hylas * * 

Leptosia nina * * 
Arctiidae  Amata huebneri  * 

Arctiidae  *  
Nymphalidae Ideopsis vulgaris  * 
 Hypolimnas bolina  * 
 Euploea mulciber *  
Lycaenidae Rapala suffusa  * 
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The number species of insect visitors per pannicle in 10 
minutes observation was significantly higher on rambutan 
flowers in the OPGF ecotone, 3.24 ± 1.73 ( X  ± SD), 
compared to rambutan trees grown in proximity to OPP 
ecotone, 1.24 ± 0.90 (t = 16.387; P = 0.000) (Figure 1.A). 
The abundance of insect rambutan flower visitors was 
significantly higher in rambutan trees near mixed garden 
and natural forest, 37.89± 29.49 ( X  ± SD) ind./pannicle/10 
minutes, than the visitors on the trees close to the oil palm 
plantation, 7.21 ± 8.39 (t = 20.404; P = 0.000) (Figure 1.B). 
This means that 425.52% more insect number in rambutan 
flowers observed in proximity to mixed garden and forest 
compared to the visiting insects in rambutan near the oil 
palm plantation.  

The stingless bees, Trigona spp. were observed only on 
rambutan trees in mixed garden-forest ecotone. In contrast, 
the most abundant flower visitors of rambutan near the 
monoculture oil palm plantation, Chrysomya fly, 6.48 
ind./pannicle/10 minutes, was more than 50% that of 
visited rambutan flowers in the mixed oil palm garden-
forest ecotone, 4.31 ind./pannicle/10 minutes (t = -2.413; P 
= 0.016). The second most abundant insect visitor on the 
rambutan flowers in the OPP ecotone, Vespa affinis, 0.131 
ind./pannicle/10 minutes, was about 10 times higher 
compared to V. affinis visiting the flowers rambutan in mix 
OPGF ecotones. 

There were more insects visited the rambutan flowers in 
the morning and peaked around mid-day and this pattern 
was almost similar in both ecotones, OPGF and OPP 
ecotone (F = 4.352; P = 0.002; Tukey Test) (Figure 2.). 
Although, the number of insects visited the rambutan 
flowers was more twice higher in MGF ecotone compared 
to OPP ecotone. However, this pattern was not consistent 
in Chrysomya flies, in which in rambutan found in OPP 
ecotone this insect showed its peaked visit in the morning 
and dramatically declined in the afternoon, especially 
between 14.30-16.00 (F = 6.549; P = 0.000; Tukey Test; 
Figure 3). The number of Chrysomya flies visited the 
rambutan flowers in the OPP ecotone in the morning, in 
general, was also more than twice than that in the MGF 
ecotone. In contrast, in the MGF ecotone, the number of 
Chrysomya flies recorded on the rambutan flowers was 
consistently low and statistically no varied. Did the flies 
adjust its pattern of visits to the rambutan flowers due to 
more competition with other dominant insects?  

The duration of visits to the rambutan flowers and 
pannicle were compared among the most three abundant 
visiting insects, it showed that A. cerana needed the 
shortest time to visit both a flower and a pannicle, followed 
Trigona sp. and the longest time used to visit the flower 
and pannicle was shown by Chrysomia flies (Kruskal 
Wallis Test). On the other hand, in term of number of 
flowers and pannicle visited in two minutes it showed that 
A. cerana visited both most flower and pannicle numbers, 
followed by Chrysomia flies and Trigona sp. (Kruskal 
Wallis Test) (Figure 4). 
 
 
 

 
 
Figure 1. Number of species (A) and density of visitor insects (B) 
to rambutan flowers in OPGF and OPP ecotones in North Sumatra 
Province. Both were significantly higher on rambutan flowers 
grown in mixed garden close to forest ecotones, (t = 16.387; P = 
0.000) and (t = 20.404; P = 0.000) respectively. 
 
 
 

 

 
 
Figure 2. The abundance of insect visitors to rambutan flowers 
among time interval from morning to afternoon, in May and July 
2015 (F = 4.352; P = 0.002). Different letters above the diagrams 
indicating significant different, based on Tukey test (a, b, and c 
for insect visiting rambutan flowers in mixed Oil Palm Garden 
Forest (OPGF) ecotone: p and q for Oil Palm Plantation (OPP) 
ecotone. 
 
  
 

 

 
 
Figure 3. The effect of oil palm plantation on the abudance of 
Chrysomya sp visiting to rambutan flowers among time interval 
from morning to afternoon (F = 6.549; P = 0.000). Different 
letters above the diagrams indicating significant different, based 
on Tukey test. 
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Figure 4. The duration of an individual insect visited a flower (A) 
and a pannicle (B) of rambutan. Different letters above the 
diagrams indicating significant different, based on Kruskal Wallis 
test  
 
 

 
 
Figure 5. Number of flowers (A) and pannicles (B) of rambutan 
visited by main pollinator insects visited in 2 minutes, in May and 
July 2015. Different characters above the diagrams indicating 
significant different, based on Kruskal Wallis test  

 

Discussion 
Most reports about the pollinators of rambutan from a 

number of places including Mexico (Rincón-Rabanales 
2015), India (Shivaramu et al. 2012), Malaysia (Norawi et 
al. 2008); Australia (Lim and Diczbalis 1998) showed that 
both honey bees and stingless bees were the main pollinators 
of this plant. Corlett (2004) found that pollination in lowland 
forest in Indomalayan region is dominated by social bees, 
especially Trigona and Apis species. However, the only 
three species of stingless bees in the mixed-garden-forest 
ecotone was considered very low. Salim et al. (2012) found 
17 species of stingless bees in six Dipterocarps reserve 
forest of Peninsular Malaysia. In a study of rambutan 
pollinators in Chiapas, Mexico 15 species of bees were 
recorded visiting the flowers (Rincón-Rabanales 2015).  

The natural flora and fauna which occur in oil palm 
plantations are greatly impoverished when compared to 
lowland rainforests (e.g., PORIM 1994; Peh et al. 2006) 
and even disturbed natural forest (Fitzherbert et al 2008). 
Extensive field research carried out in oil palm frontier 
areas on the island of Sumatra has concluded that oil palm 
plantations result in a significant reduction in biodiversity 
if plantations replace natural forests, secondary forests, 
agroforests, or even degraded forests and scrubby 
unplanted areas (Gillison and Liswanti 1999; Maddox 
2007). Oil palm monocultures have reduced 90% terrestrial 

mammal species (Maddox 2007), and least 60% reduction 
in bird species richness (Aratrakorn et al. 2006). 
Biodiversity in oil palm plantations can be enhanced by 
altering vegetation characteristics at the local level (e.g., 
percentage ground weed cover), or by increasing natural 
forest cover at the landscape level; however, the gains in 
biodiversity resulting from these practices are quite minor 
relative to the losses that occur when forests are cleared 
(Koh and Wilcove 2008). 

Countries that experienced an intensive land usage and 
loss of habitats for pollinators in coffee plantations had 
reduced yields (loss of 20-50%), although they had 
increased cultivated areas (Ivory Coast, Ghana, Kenya, 
Cameroon, Indonesia, El Salvador and Haiti) (Roubik 
2002). Ricketts (2004) found that bee richness, overall 
visitation rate, and pollen deposition rate on coffee (C. 
arabica) shrubs were all significantly higher in sites within 
approximately 100m of forest fragments than in sites far 
away (up to 1.6 km). A. mellifera foragers accounted for 
more than 90% of all visits in distant sites, and where Apis 
was not present, native species as meliponine bees 
accounted for most of the visits at near sites (Ricketts 
2004). This is due to the smaller flight range of meliponine 
bees which have a typical flight range of 100-400 m (van 
Niewestadt and Iraheta 1996; Heard 1999), although 
maximum observed flights ranged from 1 to 2 km (Roubik 
and Aluja 1983). 

When Apis abundance declined substantially, from 
2001 to 2002, visitation rates dropped about 50% in distant 
sites, but only 9% in near sites. This can be explained by 
the compensating effect of native bees, which replaced 
Apis as the most important visitor in nearby sites. So, 
according to the author, forest fragments provided nearby 
coffee with a diversity of bees that increased both the 
amount and stability of pollination services by reducing 
dependence on a single introduced pollinator (Ricketts 
2004). Similarly, C. canephora and C. arabica fruit set 
increased with the increase of diversity and abundance of 
flower-visiting bees (C. arabica: 90% when 20 bee species 
were present and 60% when only three species were 
present (Klein et al. 2003a). C. canephora: 95% when 20 
or more bee species were present and 70% when only six 
species were present (Klein et al. 2003b), and the number 
of social bees species decreased with distance to forest 
fragments and the number of solitary bees increased with 
light intensity (less shade) and greater quantities of 
blossoms. 

On the other hand, the absence of bees on rambutan 
flowers in the oil palm plantation indicating that this 
monoculture vegetation resulted in the negative impact on 
the most important pollinators. A number of other studies 
also showed the conversion forest showed similar 
phenomenon (e.g., Liow et al. 2001; Venturieri 2009; 
Winfree 2011). Among pollinators, it was suggested that 
bees are the highest proportion received negative impact 
due to human activities (Winfree 2011). 

The absence of bees on rambutan flowers in the oil 
palm plantation ecotone indicated that the vegetation is not 
suitable for nesting or foraging sites or both for bees. In 
general, prior to the establishment of oil palm plantation, 
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all of the existed vegetations were cleared. Thus, given the 
vast area of oil palm plantation making the cleared area are 
beyond bee flying distance. In addition, oil palms do not 
produce nectar and no hollows are available for cavity-
nesting bees, making them unsuitable for nest building 
(Oldroyd and Nanork 2009; Venturieri 2009).  

It seems that the larger the visiting insects the more 
effective they use time to visit A. cerana needed the shorter 
time to visit both a flower and a pannicle, followed Trigona 
sp. and the longest time used to visit the flower and 
pannicle was shown by Chrysomia flies. 

This study thus showed that oil palm plantation has 
caused the disappearance of main of bee species as the 
important pollinators, the reduction in visiting insect 
diversity and abundance, the change of the main pollinator 
species composition (dominated by bees in mixed garden-
forest ecotone vs. Calliphorid flies in oil palm plantation), 
the change of the pattern of duration of insect visit, and in 
term of duration of visits and number flowers and pannicles 
visited by the insects in mixed garden-forest ecotone were 
more effective than insects in oil palm plantation ecotone 
of rambutan flower. Thus, it suggests that oil palm 
plantation has caused disappearance of bees as important 
pollinators and dramatically reduced the abundance of 
pollinators in rambutan. This negative impact on the 
ecology of pollinator insects probably due to the vegetation 
in the oil palm plantation do not provide both foraging and 
nesting sites for bees. 
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Abstract. Ruchin AB, Egorov LV, Semishin GB. 2018. Fauna of click beetles (Coleoptera: Elateridae) in the interfluve of Rivers Moksha 
and Sura, Republic of Mordovia, Russia. Biodiversitas 19: 1352-1365. The results of the study of fauna of click beetles in the Republic 
of Mordovia are presented. By now, 58 species of click beetles have been recorded here. Adrastus pallens is a new record for the 
republic. As per the literature information, 6 species of click beetles (Agriotes pilosellus, Melanotus crassicollis, Melanotus fusciceps, 
Liotrichus affinis, Pseudanostirus globicollis, Stenagostus rufus) are known and these indications require confirmation. Two species 
(Agriotes acuminatus, Limoniscus suturalis) are excluded from the fauna. Taking into account the literary information in the fauna of 
Mordovia, 64 species of Elateridae are known. Agrypnus murinus, Agriotes lineatus, Agriotes obscurus, Agriotes sputator, Dalopius 
marginatus, Ampedus balteatus, Ampedus pomorum, Hemicrepidius niger, Athous subfuscus, Prosternon tessellatum, Selatosomus 
aeneus are among the mass species. A list of the species is presented, which with a high degree of probability can still be found in the 
republic. 

Keywords: Click beetles, Coleoptera, Elateridae, fauna, Republic of Mordovia, Russia 

INTRODUCTION 

The Republic of Mordovia is located in the center of the 
East European Plain between 42°11' and 46°45' east 
longitude and 53°38' and 55°11' north latitude in the 
southwestern periphery of the Volga basin in the interfluve 
of rivers Moksha and Sura. The territory includes forest 
and forest-steppe zones of Central Russia. The eastern part 
of Mordovia occupies the northwest of the Volga Upland 
and the western part of the Oka-Don lowland. In this 
regard, a variety of habitats is observed in the area of study. 
Broad-leaved forests cover the central and eastern parts. In 
the east and south-east predominate forest-steppe landscapes 
(Yamashkin 1998). The variety of landscapes determines 
the diversity of entomofauna, in which, in addition to the 
typically nemoral and forest-steppe, taiga and steppe 
species have been actively detected in recent years (Egorov 
and Ruchin 2010; Ruchin and Kurmaeva 2010; Ruchin and 
Artaev 2016; Legalov et al. 2014; Ruchin and Egorov 
2017b, 2018a, 2018b; Ruchin and Grishutkin 2018; Ruchin 
and Makarkin 2017; Chursina and Ruchin 2018). 

Click beetles (Coleoptera: Elateridae) is one of the 
largest families within Coleoptera, including more than 10 
thousand species (Bouchard et al. 2017), of which 467 
species are reported from Russia (Prosvirov 2017, 2018). 
Many species are serious polyphagous pests and therefore 
of great economic importance (Morris 1951, Subchev et al. 
2010; Mulerčikas et al. 2012; Baalbergen et al. 2014; 
Traugott et al. 2015). Information on the species diversity 
of click beetles in the Republic of Mordovia is extremely 
scarce. Plavilschikov (1964) published the first fairly 

representative list of insects of the Mordovia Reserve, 
where 14 species of click beetles were recorded. Several 
species of the family are mentioned in the work on forest 
pests (Bondarenko 1964). Timraleev et al. (2007) identified 
41 species of Elateridae for Mordovia. Thus, before the 
beginning of our investigations, the fauna of this family in 
the region has not been studied enough. 

MATERIALS AND METHODS 

Materials for this paper were collected during seasons 
in 2006-2017 (most intensively since 2008) using known 
methods of field entomological research (Fasulati 1971). In 
total, about 100 localities were studied in all regions of the 
Republic of Mordovia. In figure 1 the points indicate the 
collecting grounds. During the research the most diverse 
biotopes characteristic of the republic were studied: open 
landscapes (various meadows, cultivated fields, overgrown 
with birch fields, floodplains of rivers) and afforested 
(mixed forests, small-leaved forests, pine forests, etc.). The 
window traps, manual collection, mowing of vegetation 
were used for the collection of imago. In some cases, 
imago fell into soil traps (plastic cups). Special soil 
collections of larvae and imagos were not carried out. 

The collections of 2017 from 19 window traps installed 
in the Mordovia Reserve were studied (cf. Table 1) - 11 km 
NNW of Temnikov, 54°43'56'' N, 43°09'29'' E, quarter 436, 
mixed forest. In total, more than 2,000 specimens were 
examined during the study. 
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Figure 1. Study sites of click beetles in the Republic of Mordovia in 2006-2017 (red dots) 
 
 
 

There are given references to the literature on the 
species from the territory of Mordovia (in case there is a 
reliable indication of the point of discovery it is mentioned 
either), new collection sites (previously unpublished 
information), collection date, number of collected 
specimens, surname of the collector, notes (if any) for each 
species in the annotated list below. In the absence of new 
unpublished material of the authors, the section "Material" 
is not given in the article. 

In the section "Habitat" the original information of the 
authors received during the research on the territory of the 

republic is given. In the same section information on 
biotopes, preferred habitats, numbers and flight dates is 
presented. The section "Remark" provides general 
comments on the distribution, taxonomy or biology of the 
species. The section “Distribution” means distribution in 
Mordovia. 

When the collector is not mentioned it means that 
material was collected by the first author. The original 
information on the biology of Elateridae, species habitats 
description and certain observations in nature are given 
separately. The names of new species (new record) for the 
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Republic of Mordovia are marked with an asterisk (*). The 
sign «-» indicates the species, which, for various reasons, 
we excluded from the list of Republic of Mordovia click 
beetles. The sign «?» indicates that the findings of the 
species require confirmation by additional recent.  

The nomenclature of Elateridae is given after the 
Catalogue of Palaearctic Coleoptera (Cate et al. 2007). 
The dates for the description of some species are specified 
in accordance with the work (Bousquet 2016). All 
materials are deposited in the funds of Zoological Museum 
of Moscow State University (Moscow), Zoological 
Institute of Russian Academy of Sciences (St. Petersburg), 
and Museum of Mordovia State Nature Reserve (Pushta) 
and in the personal collections of authors. 

The abbreviations used are MSNR - Mordovia State 
Nature Reserve, NPS - National Park «Smolny», quarter - 
quar., cordon - cord., ex. - exemplar(s) (specimen(s)). 

Elateridae Leach, 1815 

Subfamily Agrypninae Lacordaire, 1857 

Agrypnus murinus (Linnaeus, 1758)  
Distribution. Temnikov Dist. (Plavilshchikov 1964; 

Timraleev and Chikina 1991; Kurmaeva et al. 2008; 
Egorov and Ruchin 2012, 2013, 2014; Egorov et al. 2015, 
2016, 2017). Zubova Polyana Dist. (Timraleev et al. 2000). 
Bolshoe Ignatovo Dist., Ichalki Dist., Lyambir Dist. 
(Ruchin and Alekseev 2008). Atyashevo Dist. (Timraleev 
et al. 2004). Ruzaevka Dist. (Timraleev and Chikina 1991). 
Bolshie Berezniki Dist. (Timraleev and Chikina 1991). 

Materials. Tengushevo Dist., Barashevo, V.2008, 4 ex. 
Zubova Polyana Dist., Tenishevo, 2.V.2008, 1 ex.; 5 km 
SW Bystrischi, 1.V.2008, 1 ex.; Vysha, VI.2008, 2 ex.; 
Zhuravkino, 16.VII.2008, 1 ex.; Mordovskaya Polyana, 
7.VI.2008, 1 ex. Temnikov Dist., MSNR, Pushta, VII.2008, 
30.V.2008, 15 ex.; quar. 443, VI-VII.2012, 1 ex.; quar. 
420, 16-17.VI.2017, 2 ex.; cord. Podrubnyi, 4.VIII.2017, 1 
ex., G.B. Semishin, 20.V.2017, 1 ex.; cord. Drozhdenovski, 
18.VI.2017, 1 ex.; quar. 408, 11.VII.2017, 1 ex.; quar. 324, 
13.VII.2017, 1 ex.; quar. 351, 15.VII.2017, 1 ex.; cord. 
Inorski, 12.VII.2008, 15.VI.2017, 26.VII.2017, 4 ex.; same 
label, 15-29.VI.2017, 1 ex., L.V. Egorov, G.B. Semishin; 
cord. Zhegalovski, V-VI.2012, 1 ex. Temnikov Dist., 
Tarkhany, V.2009, 1 ex.; Temnikov, V.2009, 1 ex.; 
Polyanki, 24.VII.2016, 1 ex.; Russkoe Karaevo, 21.V.2017, 
1 ex. Atyurevo Dist., Chudinka, 7.VI.2008, 1 ex.; 
Mordovskaya Kozlovka, VI-VII.2012, 5 ex.; Dmitriev 
Usad, VI-VII.2012, 33 ex. Elniki Dist., Novye Shaly, V-
VI.2014, 8 ex.; Peredovoi, VI-VIII.2014, 6 ex.; Novye 
Pichingushi, IV-VI.2014, 31 ex.; Cherlyai, 23.VII.2016, 1 
ex.; Malye Mordovskie Poshaty, 22.VII.2017, 2 ex. 
Krasnoslobodsk Dist., Belikovskie Vyselki, VI-VII.2012, 2 
ex. Kovylkino Dist., Novoe Mamangino, 6.V.2008, 4 ex. 
Staroe Shaigovo Dist., Nikolskaya Salovka, 8.VII.2017, 1 
ex. Ichalki Dist., Sosnovka, 3.VII.2008, 1 ex.; Ichalki, 
9.VIII.2013, 1 ex.; 3 km NE Lobaski, 9.VIII.2013, 2 ex. 
Ichalki Dist., NPS, Barakhmanovskoe forestry, quar. 108, 
20.VI-28.VIII.2017, 8 ex., G.B. Semishin, same label, quar. 
112, 20.VI.- 30.VIII.2017, 16 ex., G.B. Semishin, same 

label, quar. 113, 20.VI.-4.VII.2017, 1 ex., G.B. Semishin; 
Lvovskoe forestry, quar. 53, 24.V.2017, 7.VI.2017, 
22.VI.2017, 3.VI-31.VII.2017, 15 ex., G.B. Semishin; 
Kemlyanskoe forestry, quar. 66, 27.VII.2017, 1 ex. 
Ardatovo Dist., Svetotekhnika, 18.V.2008, 1 ex.; 
Turgenevo, 19.V.2008, 1 ex. Romodanovo Dist., Pushkino, 
VIII.2013, 1 ex. Ruzaevka Dist., Streletskaya Sloboda, 
19.V.2009, 2 ex. Chamzinka Dist., Komsomolski, VI.2008, 
VIII.2009, 2 ex., M.K. Ryzhov; Alekseevka, 12.VI.2017, 1 
ex., M.K. Ryzhov; Bolshoe Maresevo, 13.VI.2008, 4 ex. 
Bolshie Berezniki Dist., Simkino, 9.VII.2009, 1 ex. 
Kochkurovo Dist., Starye Turdaki, VI-VII.2008, 1 ex.; 
Podlesnaya Tavla, 8.V.2016, 1 ex. 

Habitat. Beetles were found on grassy and arboreal 
vegetation (Figure 2). The species occurs in a wide variety 
of biotopes (in mixed, deciduous forests, alder forests, 
floodplain and dry meadows, in pine forests of various 
types and ages, on the outskirts of marshes, steppe slopes, 
in vegetable gardens and orchards, agrocenoses, forest 
shelterbelts, parks and squares of cities). The number of 
gatherings in soil traps in different biotopes is 
approximately the same: in the deciduous forest - 1.4 
ex./100 trap-days, in the mixed forest - 1.2, in pine forests - 
1.1, in birch wood - 1.4. 

Danosoma conspersa (Gyllenhal, 1808)  
Distribution. Temnikov Dist. (Egorov et al. 2016). 

Ichalki Dist. (Egorov and Ruchin 2009).  
Materials. Ichalki Dist., NPS, Lvovskoe forestry, quar. 

53, 5.VI-31.VII.2017, 5 ex., G.B. Semishin. 
Habitat. According to our observations the main 

habitats are mixed forests. Beetles were found under the 
bark of pine logs frequently. 

Danosoma fasciata (Linnaeus, 1758)  
Distribution. Temnikov Dist. (Timraleev and Chikina 

1991; Kurmaeva et al. 2008; Feoktistov 2011; Egorov et al. 
2016). 

Habitat. According to our observations the species 
occurs in pine forests and mixed forests. Beetles were 
found under the bark of dead fir trees. 

Lacon lepidopterus (Panzer, 1800)  
Distribution. Temnikov Dist. (Egorov and Ruchin 

2014; Egorov et al. 2015, 2016, 2017). Found only in the 
Mordovia Reserve. 

Materials. Temnikov Dist., MSNR, cord. Valzenski, 
18.IV.2017, 1 ex.; Pushta, 22.V.2017, 1 ex. 

Habitat. Inhabits spruce forests, pine forests, mixed 
forests, floodplain forests. Beetles were found under the 
bark of pine logs. 

Subfamily Elaterinae Leach, 1815  

*Adrastus pallens (Fabricius, 1792)  
Materials. Ichalki Dist., NPS, Barakhmanovskoe 

forestry, quar. 112, 1-15.VIII.2017, 1 ex., G.B. Semishin. 
Habitat. It is caught at the edge of mixed forest in soil 

traps. 
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Figure 2. Photo of click beetles. A. Agrypnus murinus (Chamzinka Dist., Alekseevka, photograph by M.K. Ryzhov); B. Ampedus 
pomonae (Temnikov Dist., MSNR, quar. 408, photograph by O.N. Artaev); C. Ampedus sanguinolentus (Temnikov Dist., MSNR, quar. 
408, photograph by O.N. Artaev); D. Athous haemorrhoidalis (Chamzinka Dist., Alekseevka, photograph by M.K. Ryzhov); E. Athous 
subfuscus (Temnikov Dist., MSNR, quar. 408, photograph by O.N. Artaev); F. Denticollis linearis (Chamzinka Dist., Alekseevka, 
photograph by M.K. Ryzhov); G. Limonius minutus (Temnikov Dist., MSNR, cord. Inorski, photograph by A.B. Ruchin); H. 
Hemicrepidius niger (Bolshie Berezniki Dist., 9 km S Simkino, photograph by A.B. Ruchin); I. Prosternon tesselatum (NPS, 
Barakhmanovskoe forestry, quar. 108, photograph by A.B. Ruchin); J. Selatosomus cruciatus (Temnikov Dist., MSNR, cord. Inorski, 
photograph by A.B. Ruchin) 
 
 
 
 
Synaptus filiformis (Fabricius, 1781)  

Distribution. Bolshie Berezniki Dist. (Timraleev and 
Chikina 1991).  

Materials. Zubova Polyana Dist., Kargashino, 
29.VII.2009, 1 ex. 

Habitat. The species was caught once in a floodplain.  

- Agriotes acuminatus (Stephens, 1830) 
Distribution. Lyambir Dist. (Loginova et al. 2006). 
Remark. It is not included in the list of fauna of the 

Russian beetles (Guryeva 1979; Prosvirov 2018). The area 
is located much to the west (Merkl and Mertlik 2005; 
Tolasch et al. 2010; Németh et al. 2014). 

Agriotes lineatus (Linnaeus, 1767)  
Distribution. Temnikov Dist. (Timraleev and Chikina 

1991; Kurmaeva et al. 2008; Feoktistov 2011; Egorov and 
Ruchin 2013, 2014; Egorov et al. 2015, 2016). Elniki Dist. 
(Timraleev and Chikina 1991). Staroe Shaigovo Dist. 
(Timraleev and Chikina 1991). Bolshoe Ignatovo Dist. 
(Ruchin and Alekseev 2008). Ardatov Dist. (Timraleev and 

Chikina 1991). Atyashevo Dist. (Timraleev et al. 2004). 
Dubenki Dist. (Timraleev and Chikina 1991). Ruzaevka 
Dist. (Timraleev and Chikina 1991; Ruchin and Alekseev 
2008). Lyambir Dist. (Timraleev and Chikina 1991). 
Bolshie Berezniki Dist. (Timraleev and Chikina 1991; 
Ruchin and Alekseev 2008). 

Materials. Temnikov Dist., MSNR, cord. Steklyannyi, 
28.V.2013, 1 ex.; cord. Inorski, 12.V.-1.VI.2017, 
2.VI.2017, 2 ex., G.B. Semishin. Zubova Polyana Dist., 
Vysha, VI.2008, 1 ex. Elniki Dist., Novye Pichingushi, IV-
VI.2014, 3 ex. Bolshoe Ignatovo Dist., NPS, 
Aleksandrovskoe forestry, Lesnoi, IV-V.2008, 6 ex.; 
Barakhmanovskoe forestry, quar. 108, IV-V.2008, 2 ex., 
Lvovskoe forestry, quar. 53, IV-V.2008, 1 ex. Ardatovo 
Dist., Svetotekhnika, 18.V.2008, 1 ex. Romodanovo Dist., 
Pushkino, VIII.2013, 6 ex. Chamzinka Dist., 
Komsomolski, VIII.2009, 1 ex., M.K. Ryzhov. Ruzaevka 
Dist., Levzhenskiy, V.2007, 2 ex. Bolshie Berezniki Dist., 
Simkino, 9.VII.2009, 1 ex. Kochkurovo Dist., Kochkurovo, 
VII.2009, 1 ex., L. Timoshkina.  

A B C D E 
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Habitat. The species occurs in various biotopes: birch 
forests, aspen forests, forest shelterbelts, deciduous and 
mixed forests, floodplain and dry meadows, steppe slopes, 
spruce groves.  

Agriotes obscurus (Linnaeus, 1758)  
Distribution. Temnikov Dist. (Kurmaeva et al. 2008; 

Feoktistov 2011; Egorov and Ruchin 2013 2014; Egorov et 
al. 2015, 2017). Bolshoe Ignatovo Dist., Ruzaevka Dist. 
(Ruchin and Alekseev 2008).  

Materials. Tengushevo Dist., Barashevo, V.2008, 2 ex. 
Temnikov Dist., Tarkhany, V.2009, 1 ex. Temnikov Dist., 
MSNR, quar. 86, VI-VII.2011, 24 ex.; quar. 34, VI-
VII.2011, 1 ex.; quar. 114, V-VI.2014, 1 ex. Torbeevo 
Dist., Vindrey, 6.VI.2008, 1 ex. Elniki Dist., 
Novoyamskaya Sloboda, 22.VII.2017, 1 ex. 
Krasnoslobodsk Dist., Selishchi, V.2009, 5.VI.2009, 2 ex. 
Bolshoe Ignatovo Dist., NPS, Aleksandrovskoe forestry, 
Lesnoi,, V.2007, 37 ex. Ichalki Dist., NPS, Lvovskoe 
forestry, quar. 53, 21.V.2008, 27.VI.2008, IV-V.2008, 3-
17.VII.2017, 9.VI.2017, 19 ex.; Kemlyanskoe forestry, 
Smolny, V.2009, 1 ex. Insar Dist., Kochetovka, 2015, 3 ex. 
Ruzaevka Dist., Levzhenskiy, V.2007, 6 ex.; Streletskaya 
Sloboda, V-VI.2009, 1 ex. Saransk, V.2015, 3 ex.  

Habitat. The species occurs in floodplain high-grass 
meadows, in willow thickets along river banks, in pine 
forests, in aspen forests, in mixed forests, on steppe slopes, 
near vegetable gardens. It was also noted on the fumes (in 
the place of last year's grassroots fire, the number of 
species in the soil traps reached 6.7 ex. Per 100 trap-days). 

? Agriotes pilosellus (Schönherr, 1817)  
Distribution. Bolshie Berezniki Dist. (Timraleev and 

Chikina 1991). It was noted without indicating the 
localities of the findings (Timraleev 1992 1996; Timraleev 
et al. 2001). 

Remark. Occurence of the species should be confirmed 
by recent material (Timraleev and Chikina 1991). 

Agriotes sputator (Linnaeus, 1758)  
Distribution. Temnikov Dist. (Egorov and Ruchin 

2012, 2013, 2014; Egorov et al. 2015, 2016, 2017). 
Bolshoe Ignatovo Dist., Ichalki Dist. (Egorov and Ruchin 
2009). Lyambir Dist. (Ruchin and Alekseev 2008). 
Ruzaevka Dist. (Antsiferova, Dobrosmyslov 1966; Ruchin 
and Alekseev 2008).  

Materials. Temnikov Dist., Tarkhany, V.2009, 1 ex. 
Temnikov Dist., cord. Inorski, 12.V.-1.VI.2017, 1 ex., L.V. 
Egorov, G.B. Semishin. Atyurevo Dist., Chudinka, 
7.VI.2008, 1 ex. Torbeevo Dist., Surgod, 21.VI.2016, 1 ex.; 
Drakino, 26.VI.2017, 1 ex. Elniki Dist., Starye Shaly, V-
VI.2014, 1 ex. Krasnoslobodsk Dist., Krasnoslobodsk, 
5.VI.2009, V.2009, 2 ex. Staroe Shaigovo Dist., Konopat, 
9.VII.2016, 1 ex.; Staroe Shaigovo, V.2008, 5 ex. Ichalki 
Dist., 3 km NE Lobaski, VI-VII.2009, 4 ex.; NPS, 
Barakhmanovskoe forestry, quar. 112, 19.VII.-1.VIII.2017, 
1 ex., G.B. Semishin. Ardatovo Dist., Olevka, 26.V.2017, 1 
ex. Kadoshkino Dist., Latyshovka, 4.VI.2016, 1 ex. Insar 
Dist., Kochetovka, 4.VI.2016, 1 ex.; Novley, 27.V.2017, 1 
ex. Ruzaevka Dist., Boldovo, 4.VI.2016, 1 ex. Lyambir 

Distr., Ekaterinovka, V.2009, 1 ex. Oktyabrskiy Distr., 
Monastyrskoe,, 12.VI.2017, 3 ex. Bolshie Berezniki Dist., 
Simkinskoe Lesnichestvo, 12.VIII.2017, 1 ex. Saransk, 
21.V.2007, 17.V.2017, 3 ex.  

Habitat. The species occurs on the fringes of birch 
forests, mixed and deciduous forests, on meadows, on 
steppe slopes, in burrows of marmots, in tidal spruce 
forests with alder, birch, in pine-spruce forests with birch. 
The number of soil traps for different biotopes is 
approximately similar: in the birch forest - 2.5 ex./100 trap-
days, on the dry meadow - 1.8, on the steppe slope - 1.5, in 
the deciduous forest - 0.4. 

Agriotes ustulatus (Schaller, 1783)  
Distribution. Bolshie Berezniki Dist. (Timraleev and 

Chikina 1991). 
Materials. Bolshie Berezniki Dist., Simkino, 

9.VII.2009, 1 ex. 
Habitat. The species occurs in the steppe areas. 

Dalopius marginatus (Linnaeus, 1758)  
Distribution. Temnikov Dist. (Plavilshchikov 1964; 

Timraleev and Chikina 1991; Kurmaeva et al. 2008; 
Egorov and Ruchin 2012, 2013, 2014; Egorov et al. 2015, 
2016, 2017). Ichalki Dist. (Egorov and Ruchin 2009). 
Ardatov Dist. (Timraleev and Chikina 1991). Ruzaevka 
Dist. (Timraleev and Chikina 1991). 

Materials. Temnikov Dist., MSNR, Pushta, 3.V.2008, 
V.2009, 2 ex.; quar. 424, 13.V.2017, 1 ex.; quar. 425, 
13.V.2017, 1 ex., L.V. Egorov; quar. 426, 13.V.2017, 1 ex., 
L.V. Egorov, G.B. Semishin; quar. 436, 12.V.-15.VI.2017, 
26 ex., L.V. Egorov, G.B. Semishin; quar. 442, 3.VI.2017, 
2 ex.; quar. 437, 29.VI.2017, 1 ex.; cord. Drozhdenovski, 
18.VI.2017, 1 ex.; cord. Pavlovskiy,, 6.VIII.2017, 1 ex., 
G.B. Semishin. Zubova Polyana Dist., Tenishevo, 
2.V.2008, 1 ex.; 5 km SW Bystrischi, 1.V.2008, 2 ex.; 
Izvest, 8.VI.2008, 1 ex. Ichalki Dist., NPS, Kemlyanskoe 
forestry, Smolny, V.2009, 1 ex.; Barakhmanovskoe 
forestry, quar. 108, 20.VI.-4.VII.2017, 1 ex., G.B. 
Semishin, Lvovskoe forestry, quar. 53, 7.VI.2017, 
19.VI.2017, 2 ex., G.B. Semishin. Ruzaevka Dist., 
Streletskaya Sloboda, V-VI.2009, 1 ex. 

Habitat. It is forest species. Every year, in mass, it is 
found in the forests of the Mordovia Reserve. It occurs in 
glades, fringes, glades, roads in various types of forests 
(floodplain deciduous, mixed, pine forests of various types 
and ages, spruce forests). According to the data of catches 
in the window traps the main number of beetles came from 
12th May to 15th June, and after flight was not observed (cf. 
Table 1). Sometimes it flies into the light. 

Ectinus aterrimus (Linnaeus, 1760)  
Distribution. Temnikov Dist. (Timraleev and Chikina 

1991; Kurmaeva et al. 2008; Feoktistov 2011; Egorov and 
Ruchin 2012, 2013, 2014; Egorov et al. 2015, 2016, 2017). 
Bolshoe Ignatovo Dist. (Ruchin and Alekseev 2008). 

Materials. Zubova Polyana Dist., 5 km SW Bystrischi, 
1.V.2008, 2 ex. Temnikov Dist., MSNR, cord. Inorski, 
12.V.-1.VI.2017, 1-15.VI.2017, 8 ex., L.V. Egorov, G.B. 
Semishin. 
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Table 1. Seasonal dynamics of the number of click beetles from 
window traps in the Mordovia Reserve (2017) 
 

Species  

Time for collection 

12
.V

.-1
.V

I 

1-
15

.V
I 

15
-2

9.
V

I 

29
.V

I.
-1

3.
V

II
 

13
-2

7.
V

II
 

27
.V

II
.-6

.V
II

I 

Athous subfuscus 19 14 1 1 1  
Athous vittatus 6 1     
Hemicrepidius niger    1 4 2 
Diacanthous undulatus  4     
Denticollis linearis 2 13 6 1   
Limonius minutus 2 1 3   1 
Anostirus castaneus   1    
Ampedus balteatus  1     
Ampedus nigerrimus 6 2 1 2 2  
Ampedus erythrogonus  1 1 1   
Ampedus nigrinus 2      
Ampedus pomonae  1  1   
Ampedus pomorum 4 1 3 1 1 1 
Ampedus praeustus   2  1  
Melanotus castanipes 22 1     
Agriotes lineatus 1      
Ectinus aterrimus 7 1     
Dalopius marginatus 18 8     
Total, ex. 89 49 18 8 9 4 
Number of species 11 13 8 7 5 3 
 

 
 
Habitat. The species occurs in wet meadows, in ripe 

spruce forests with pine, in tidal fir groves with alder, in 
floodplain deciduous forests with prevalence of aspen, in 
ripe pine forests with spruce, birch. According to the data 
of catches in the window traps, the main number of beetles 
came from 12th May to 15th June, after that flight was not 
observed (cf. Table 1). 

Ampedus balteatus (Linnaeus, 1758)  
Distribution. Temnikov Dist. (Timraleev and Chikina 

1991; Kurmaeva et al. 2008; Feoktistov 2011; Egorov and 
Ruchin 2012, 2013, 2014; Egorov et al. 2015, 2016, 2017). 
Ichalki Dist., Bolshoe Ignatovo Dist. (Egorov and Ruchin 
2009).  

Materials. Temnikov Dist., Temnikov, V.2009, 1 ex. 
Temnikov Dist., MSNR, Pushta, 3.V.2008, 27.IV.2017, 2 
ex.; quar. 420, 4.V.2008, 1 ex.; quar. 437, 12.V.2017, 1 ex., 
L.V. Egorov; cord. Inorski, 1-15.VI.2017, 1 ex., L.V. 
Egorov, G.B. Semishin, same label, 2.VII.2017, 1 ex. 
Ichalki Dist., NPS, Lvovskoe forestry, quar. 53, 22.V.-
5.VI.2017, 2 ex., G.B. Semishin. Chamzinka Dist., 
Komsomolski, VIII.2009, 1 ex., M.K. Ryzhov. 

Habitat. The species inhabits forests: mixed, pine 
forests of various types and ages, ripe spruce forests with 
birch. Adults visit the inflorescence of Umbelliferae. 
According to the data of catches in the window traps, the 
peak of the imago flight was in the first half of June (cf. 
Table 1). 

Ampedus cinnabarinus (Eschscholtz, 1829)  
Distribution. Temnikov Dist. (Plavilshchikov 1964; 

Egorov and Ruchin 2014; Egorov et al. 2016). Elniki Dist. 
(Timraleev and Chikina 1991). Ichalki Dist. (Andreichev 
and Loginova 2005; Ruchin et al. 2007).  

Materials. Temnikov Dist., Veselyi, 25.V.2013, 1 ex. 
Temnikov Dist., MSNR, Pushta, 19.VI.2017, 1 ex. 

Habitat. The species occurs in ripe pine forests with 
spruce, birch, aspen, in mature pine forests with spruce and 
birch. Imago was found in a rotten birch log. 

Ampedus elongatus (Fabricius, 1787)  
Distribution. Temnikov Dist. (Plavilshchikov 1964; 

Egorov and Ruchin 2012; Egorov et al. 2016, 2017). 
Ichalki Dist. (Egorov and Ruchin 2009).  

Materials. Temnikov Dist., MSNR, cord. Inorski, 
9.V.2009, 1 ex.; cord. Pavlovskiy, 16.VI.2017, 1 ex., G.B. 
Semishin; cord. Drozhdenovski, 18.VI.2017, 1 ex. 
Torbeevo Dist., Vindrey, 6.VI.2008, 1 ex. Kadoshkino 
Dist., Latyshovka, 4.VI.2016, 1 ex. Ruzaevka Dist., 
Khovanshchina, 12.VI.2017, 1 ex. 

Habitat. The species occurs in mixed and deciduous 
forests along the fringes and glades. 

Ampedus erythrogonus (P.W. Müller, 1821)  
Distribution. Temnikov Dist. (Egorov et al. 2016). 

Temnikov Dist. (Egorov et al. 2017). Elniki Dist. 
(Timraleev and Chikina 1991). Staroe Shaigovo Dist. 
(Timraleev and Chikina 1991). Lyambir Dist. (Timraleev 
and Chikina 1991). Bolshie Berezniki Dist. (Timraleev and 
Chikina 1991).  

Materials. Temnikov Dist., MSNR, cord. Inorski, 
1.VI.-13.VII.2017, 3 ex., L.V. Egorov, G.B. Semishin. 

Habitat. Mostly in coniferous, floodplain deciduous 
and mixed forests. According to the data of catches from 
the window traps the highest activity from 1st June to 13th 
July (cf. Table 1). 

Ampedus karpathicus (Buysson, 1886) (=Ampedus suecicus 
Palm, 1976) 

Distribution. Temnikov Dist. (Egorov et al. 2015, 
2016, 2017). 

Habitat. The species was repeatedly noted only in the 
territory of the Mordovia Reserve in ripe spruce forests 
with pine, birch. 

Remark. In our early publications, it is shown as A. 
suecicus. In the work of Mertlik (2018) it is shown that 
Ampedus suecicus Palm, 1976 is the younger synonym of 
Ampedus karpathicus (Buysson, 1886). 

Ampedus nigerrimus (Lacordaire, 1835)  
Distribution. Temnikov Dist. (Ruchin and Egorov 

2017a). 
Materials. Temnikov Dist., MSNR, cord. Inorski, 

12.V.-27.VII.2017, 13 ex., L.V. Egorov, G.B. Semishin.  
Habitat. According to the data of catches in the 

window traps in the mixed forest, the main number of 
beetles fell from 12th May to 1st June, then the number 
decreased, but the imago flew until the end of July (cf. 
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Table 1). A rare European species, a denizen of rotten 
wood (De Zan et al. 2014). 

Remark. It is known in Russia from the Krasnodar 
territory, Voronezh region, Tatarstan (Guryeva 1979). 

Ampedus nigrinus (Herbst, 1784)  
Distribution. Temnikov Dist. (Timraleev and Chikina 

1991; Kurmaeva et al. 2008; Feoktistov 2011; Egorov and 
Ruchin 2014; Egorov et al. 2016, 2017).  

Materials. Temnikov Dist., MSNR, cord. Inorski, 
12.V.-1.VI.2017, 2 ex., L.V. Egorov, G.B. Semishin. 

Habitat. The species occurs in mixed forests, mature 
pine forests with spruce, birch, ripe spruce forests with 
pine, birch, floodplain oak forests, and linden. According to 
the data of catches in the window traps, the peak of the 
imago flight was in the second half of May (cf. Table 1).  

Ampedus nigroflavus (Goeze, 1777)  
Distribution. Temnikov Dist. (Egorov et al. 2016).  
Habitat. Single finds are made in a ripe sphagnum pine 

with spruce, birch and mature spruce with pine. 

Ampedus pomonae (Stephens, 1830)  
Distribution. Temnikov Dist. (Plavilshchikov 1964; 

Timraleev and Chikina 1991; Kurmaeva et al. 2008; 
Egorov and Ruchin 2012, 2013, 2014; Egorov et al. 2016, 
2017).  

Materials. Temnikov Dist., MSNR, cord. Inorski, 1-
15.VI.2017, 29.VI.-13.VII.2017, 2 ex., L.V. Egorov, G.B. 
Semishin; quar. 395, 18.VI.2017, 1 ex., G.B. Semishin. 
Torbeevo Dist., Vindrey, 6.VI.2008, 1 ex. 

Habitat. The species occurs in pine forests with spruce, 
birch, riparian spruce grove, birch, birch forests with pine, 
aspen, linden, mixed forests, floodplain oak forests with 
lindens, wet deciduous forests (Figure 2). 

Ampedus pomorum (Herbst, 1784)  
Distribution. Temnikov Dist. (Egorov and Ruchin 

2012, 2013, 2014; Egorov et al. 2015, 2016, 2017). 
Ardatov Dist. (Ruchin et al. 2009). 

Materials. Temnikov Dist., Kitsaevka, 12.V.2013, 1 
ex.; Andreevka, 11.V.2013, 1 ex. Temnikov Dist., MSNR, 
quar. 34, VI-VII.2011, 1 ex., quar. 358/389, 20.V.2013, 1 
ex.; quar. 424, 13.V.2017, 1 ex., L.V. Egorov; quar. 354, 
20.V.2017, 1 ex.; quar. 357, 4.VII.2017, 1 ex.; cord. 
Inorski, 2.VI.2017, 1 ex., G.B. Semishin, same label, 
12.V.- 27.VII.2017, 11 ex., L.V. Egorov, G.B. Semishin. 
Bolshie Berezniki Dist., 9 km S Simkino, 10.VII.2009, 1 
ex. Kochkurovo Dist., Podlesnaya Tavla, 8.V.2016, 1 ex. 

Habitat. It is confined to forest biotopes. It occurs in 
clearings, fringes, glades in different types of forest: mixed, 
birch forests, pine forests of various types, lime trees, 
floodplain foliage. According to the data of catches in the 
window traps, the main number of beetles came from 12th 
May to 29th June, the flight lasted until the first half of 
August (cf. Table 1). Adults visit the inflorescence of 
Umbelliferae, and also occur under the bark of birch and 
aspen stumps and logs. It occurs on the fire sites. 

Ampedus praeustus (Fabricius, 1792)  
Distribution. Temnikov Dist. (Egorov and Ruchin 

2013, 2014; Egorov et al. 2015, 2016, 2017). Staroe 
Shaigovo Dist. (Timraleev and Chikina 1991). Bolshoe 
Ignatovo Dist. (Egorov and Ruchin 2009). Bolshie 
Berezniki Dist. (Timraleev and Chikina 1991).  

Materials. Temnikov Dist., MSNR, Pushta, 
11.IV.2008, 14.VI.2017, 2 ex.; quar. 319, 13.VII.2017, 1 
ex.; cord. Inorski, 15-29.VI.2017, 13-27.VII.2017, 3 ex., 
L.V. Egorov, G.B. Semishin. Staroe Shaigovo Dist., Staroe 
Akshino, 11.V.2008, 1 ex. Bolshoe Ignatovo Dist., NPS, 
Aleksandrovskoe forestry, quar. 10, 22.V.2008, 1 ex. 
Ichalki Dist., NPS, Lvovskoe forestry, quar. 53, 5-
19.VI.2017, 1 ex., G.B. Semishin. 

Habitat. The species occurs in deciduous and mixed 
forests, ripe spruce forests with pine, birch, mature pine 
forests with spruce, birch, aspen, in floodplain oak forests 
with lime trees. 

Ampedus sanguineus (Linnaeus, 1758)  
Distribution. Temnikov Dist. (Ruchin et al. 2009; 

Egorov and Ruchin 2013; Egorov et al. 2015, 2016). 
Zubova Polyana Dist. (Ruchin et al. 2009). 

Habitat. The species occurs in ripe pine forests with 
spruce, birch, aspen, ripe sphagnum pine forests with 
spruce, birch, mixed forests. 

Ampedus sanguinolentus (Schrank, 1776)  
Distribution. Temnikov Dist. (Egorov and Ruchin 

2012; Egorov et al. 2015, 2016, 2017). Ichalki Dist. 
(Egorov and Ruchin 2009). Bolshie Berezniki Dist. 
(Timraleev and Chikina 1991).  

Materials. Temnikov Dist., Andreevka, 11.V.2013, 1 
ex.; Mikhailovka, VI-VII.2012, 1 ex. Temnikov Dist., 
MSNR, Pushta, 27.IV.2009, 1 ex. Zubova Polyana Dist., 
Tenishevo, 2.V.2008, 1 ex.; Yavas, V.2008, 1 ex. Staroe 
Shaigovo Dist., Staroe Akshino, 11.V.2008, 1 ex. Ichalki 
Dist., NPS, Lvovskoe forestry, quar. 53, 18.VI.2008, 1 ex. 
Chamzinka Dist., Komsomolski, VI.2008, 1 ex., M.K. 
Ryzhov. Bolshie Berezniki Dist., 9 km S Simkino, 
28.VI.2009, 1 ex., D.K. Kurmaeva. Saransk, 22.IV.2008, 
28.V.2009, 2 ex.  

Habitat. The species occurs in floodplain forests, 
small-leaved forests and broad-leaved forests with 
predominance of aspen, in pine forests with spruce (Figure 
2). 

Ampedus tristis (Linnaeus, 1758)  
Distribution. Temnikov Dist. (Egorov and Ruchin 

2012; Egorov et al. 2016, 2017). 
Habitat. As the previous species, it was repeatedly 

noted only in the territory of the Mordovia Reserve in pine 
forests with spruce, mixed forests, ripe spruce forests with 
pine, birch. Imago was found under the bark of a spruce 
log. It visits inflorescences Umbelliferae.   

Sericus brunneus (Linnaeus, 1758)  
Distribution. Temnikov Dist. (Timraleev and Chikina 

1991; Kurmaeva et al. 2008; Feoktistov 2011; Egorov and 
Ruchin 2012, 2013; Egorov et al. 2015, 2016, 2017). 
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Materials. Temnikov Dist., MSNR, quar. 424, 
13.V.2017, 1 ex., L.V. Egorov; cord. Inorski, 3.VI.2017, 3 
ex., G.B. Semishin. 

Habitat. The species is constantly found in the 
Mordovia Reserve. It inhabits on the fringes, clearings, 
glades in pine forests, mixed forests, spruce forests. It is 
often wiped out from young pines. It is noted on the fumes. 

Subfamily Melanotinae Candèze, 1859 (1856) 

Melanotus brunnipes (Germar, 1823)  
Distribution. Republic of Mordovia (Timraleev 1992, 

1996; Timraleev et al. 2001, 2007).  
Habitat. Steppe view. 
Remark. The species is known from Chuvashia 

(Egorov 2013), Ulyanovskaya (Isayev 2000), Tula and 
Lipetsk regions (Dorofeev 2006; Tsurikov 2009), the 
Middle Volga region (Dolin 1988). 

Melanotus castanipes (Paykull, 1800)  
Distribution. Temnikov Dist. (Egorov and Ruchin 

2013, 2014; Egorov et al. 2015, 2016, 2017). Ichalki Dist., 
Chamzinka Dist., Kochkurovo Dist. (Ruchin et al. 2009). 

Materials. Temnikov Dist., MSNR, cord. Inorski, 
12.V.-15.VI.2017, 23 ex., L.V. Egorov, G.B. Semishin. 

Habitat. The species occurs in ripe spruce forests with 
pine and birch, deciduous forests, floodplain deciduous 
forests with predominance of aspen, mixed forests, pine 
forests with spruce. According to the data of catches in the 
window traps, the main number of beetles came from 12th 
May to 1st June, from the second half of June the flight 
ceased (cf. Table 1). It flies into the light. 

? Melanotus crassicollis (Erichson, 1841)  
Distribution. Temnikov Dist. (Plavilshchikov 1964). 

Bolshie Berezniki Dist. (Timraleev and Chikina 1991).  
Remark. The species is known from the Brest region 

(Belarus) (Alexandrovich 1995), Tula (Dorofeev 2006), 
Ulyanovsk (Isayev 2000) regions, from the Moscow region 
on the discovery of the end of the XIX century (Nikitsky et 
al. 1996). Instructions for Mordovia likely refer to M. 
castanipes. It is possible to live in the republic, but it needs 
confirmation. 

? Melanotus fusciceps (Gyllenhal, 1817)  
Distribution. Temnikov Dist. (Plavilshchikov 1964). 
Remark. The species is shown for the adjacent 

Ulyanovsk region from the Cretaceous steppes (Isaev 
2000), therefore the indication of Plavilschikov (1964) is 
likely erroneous. It is possible to live in the republic, but it 
needs confirmation. 

Melanotus villosus (Geoffroy, 1785)  
Distribution. Temnikov Dist. (Plavilshchikov 1964; 

Timraleev and Chikina 1991; Kurmaeva et al. 2008). 
Bolshie Berezniki Dist. (Timraleev and Chikina 1991).  

Materials. Saransk, 3.VI.2009, 1 ex. 
Habitat. The species was caught at the edge of a 

deciduous forest. 

Subfamily Hypnoidinae Schwarz, 1906 

Hypnoidus riparius (Fabricius, 1792)  
Distribution. Temnikov Dist. (Egorov and Ruchin 

2014).  
Habitat. It was caught in mixed forests near water 

bodies. 

Subfamily Denticollinae Stein & J. Weise, 1877 (1856) 

Athous haemorrhoidalis (Fabricius, 1801)  
Distribution. Temnikov Dist. (Plavilshchikov 1964; 

Egorov and Ruchin 2014; Egorov et al. 2015, 2017). 
Bolshie Berezniki Dist. (Timraleev and Chikina 1991).  

Materials. Ichalki Dist., NPS, Lvovskoe forestry, quar. 
53, 9.VI.2017, 1 ex., G.B. Semishin. Ardatovo Dist., 
Svetotekhnika, 18.V.2008, 1 ex. Bolshie Berezniki Dist., 
окр. д. Нерлей, 5.VI.2016, 1 ex. Saransk, 31.V.2009, 
VI.2014, 2 ex. Chamzinka Distr., Alekseevka, 12.VI.2017, 
1 ex., M.K. Ryzhov. 

Habitat. The species was noted along the fringes of 
deciduous forests, in linden trees with aspen, pine and 
spruce, in floodplain oak forests with lime trees, on 
floodplain meadows (Figure 2). 

Athous subfuscus (O.F. Müller, 1764)  
Distribution. Temnikov Dist. (Plavilshchikov 1964; 

Timraleev and Chikina 1991; Kurmaeva et al. 2008; 
Egorov and Ruchin 2012, 2013, 2014; Egorov et al. 2015, 
2016, 2017). Bolshoe Ignatovo Dist., Ichalki Dist. (Egorov 
and Ruchin 2009). 

Materials. Temnikov Dist., MSNR, Pushta, 30.V.2008, 
IV-V.2008, V.2009, 7 ex.; cord. Inorski, 12.V.- 
27.VII.2017, 36 ex., L.V. Egorov, G.B. Semishin. 
Torbeevo Dist., Vindrey, 6.VI.2008, 1 ex. Ichalki Dist., 
NPS, Kemlyanskoe forestry, Smolny, V.2009, 1 ex. 
Bolshie Berezniki Dist., 9 km S Simkino, 5.VIII.2013, 1 
ex.  

Habitat. The species occurs in a wide variety of forest 
biotopes (mixed, deciduous forests, pine forests of various 
types and ages, forest shelter belts) ( Figure 2). Beetles 
often visit the inflorescence of Umbelliferae. According to 
the data of catches in the window traps, the main number of 
beetles fell from 12th  May to 15th June (cf. Table 1). The 
number of different biotopes from the data of catches into 
soil traps varies: in the spruce forest - 0.6 ex./100 trap-
days, in the mixed forest - 0.2, in pine-trees - 0.4. 

Athous vittatus (Fabricius, 1792)  
Distribution. Temnikov Dist. (Plavilshchikov 1964; 

Timraleev and Chikina 1991; Kurmaeva et al. 2008; 
Egorov et al. 2017). Ichalki Dist. (Egorov and Ruchin 
2009). 

Materials. Temnikov Dist., Tarkhany, V.2009, 
5.VI.2009, 2 ex. Temnikov Dist., MSNR, cord. Inorski, 
12.V.-15.VI.2017, 7 ex., L.V. Egorov, G.B. Semishin. 
Ardatovo Dist., Bolshoe Kuzmino, 26.V.2017, 1 ex.; 
Svetotekhnika, 18.V.2008, 1 ex. Insar Dist., Kochetovka, 
4.VI.2016, 1 ex. Chamzinka Dist., Bolshoe Maresevo, 
13.VI.2008, 1 ex. Lyambir Distr., Ekaterinovka, 
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29.V.2008, 2.VI.2009, 2 ex. Ruzaevka Dist., Streletskaya 
Sloboda, 19.V.2009, 1 ex.  

Habitat. The species was found on the fringes and 
glades of deciduous forests (including floodplain forests, 
secondary forests of sprouts, etc.), in pine forests and 
mixed forests. According to the data of catches in the 
window traps, the main number of beetles fell from 12th 
May to 15th June (cf. Table 1). 

Limoniscus suturalis (Gebler, 1845)  
Distribution. Temnikov Dist. (Timraleev and Chikina 

1991).  
Remark. In the Volga region habitation the species is 

known in the Saratov, Volgograd, and Astrakhan regions 
(Kovalev et al. 2001; Komarov 2002). An inhabitant of 
virgin steppes is associated with rodent burrows (Komarov 
2002). Being in Mordovia is very unlikely, therefore we 
exclude the species from the composition of the fauna of 
the republican click beetles.  

Limonius minutus (Linnaeus, 1758)  
Distribution. Temnikov Dist. (Egorov and Ruchin 

2012, 2013, 2014; Egorov et al. 2016, 2017). Ichalki Dist. 
(Egorov and Ruchin 2009). 

Materials. Temnikov Dist., Temnikov, 1.VI.2008, 
V.2009, 2 ex. Temnikov Dist., MSNR, quar. 437, 
29.VI.2017, 5 ex.; cord. Inorski, 9.V.2009, 21.V.2017, 
12.VII.2017, 4 ex., same label, 13.V.2017, 2 ex., L.V. 
Egorov; same label, 12.V.-6.VIII.2017, 7 ex., L.V. Egorov, 
G.B. Semishin. Ichalki Dist., NPS, Barakhmanovskoe 
forestry, quar. 74, 6.VI.2017, 1 ex., G.B. Semishin; 
Lvovskoe forestry, quar. 53, 23.V.2017, 9.VI.2017, 
24.V.2017, 22.V.-5.VI.2017, 7.VI.2017, 9 ex., G.B. 
Semishin. Ruzaevka Dist., Levzhenskiy, 9.VI.2009, 1 ex.  

Habitat. The species occurs in mixed, deciduous 
forests, pine forests with spruce, birch, floodplain aspen 
(Figure 2). According to the data of catches in the window 
traps, the flight of imago was stretched from the middle of 
May to the end of June (Table 1). 

Pheletes aeneoniger (DeGeer, 1774)  
Distribution. Temnikov Dist. (Egorov and Ruchin 

2014).  
Habitat. The species found once in the Mordovia 

Reserve in a pine forest with spruce. 

Denticollis borealis (Paykull, 1800)  
Distribution. Temnikov Dist. (Timraleev and Chikina 

1991; Kurmaeva et al. 2008; Feoktistov 2011; Egorov et al. 
2016). Lyambir Dist. (Timraleev and Chikina 1991). 

Materials. Ichalki Dist., NPS, Lvovskoe forestry, quar. 
53, 24.V.2017, 1 ex., G.B. Semishin. 

Habitat. The species is caught in ripe spruce forests 
with pine, birch and mixed forests. 

Denticollis linearis (Linnaeus, 1758)  
Distribution. Temnikov Dist. (Egorov and Ruchin 

2012, 2013, 2014; Egorov et al. 2015, 2016, 2017). Zubova 
Polyana Dist., Lyambir Dist., Saransk (Ruchin et al. 2009). 

Materials. Temnikov Dist., MSNR, cord. Inorski, 

12.V.-13.VII.2017, 15.VI.2017, 22 ex., L.V. Egorov, G.B. 
Semishin. Saransk, V-VI.2014, 1 ex. Chamzinka Distr., 
Alekseevka, 11.VI.2017, 1 ex., M.K. Ryzhov. 

Habitat. The main habitats are forests: floodplain 
deciduous forest with aspen, floodplain oak with lime, 
mixed, pine forests with spruce, birch, deciduous forest 
(Figure 2). According to the data of catches in the window 
traps, flight began from the middle of May and its peak 
occurred in the first half of June (cf. Table 1). Imago was 
often found on the inflorescences of Umbelliferae. Larvae 
were found in a rotten tinder fungus from a birch log.  

Diacanthous undulatus (DeGeer, 1774)  
Distribution. Temnikov Dist. (Timraleev and Chikina 

1991; Kurmaeva et al. 2008; Feoktistov 2011; Egorov and 
Ruchin 2013; Egorov et al. 2016, 2017). 

Materials. Temnikov Dist., MSNR, cord. Inorski, 1-
15.VI.2017, 4 ex., L.V. Egorov, G.B. Semishin. 

Habitat. The species occurs in ripe spruce forests with 
pine, birch, in floodplain deciduous forests with aspen 
predominance, in mixed forests. According to the data of 
catches in the window traps, the peak of the imago flight 
was in the first half of June (cf. Table 1). It is considered a 
stenotope forest species inhabiting old-broad leaved growth 
forests and pine forests (Mitter 1989; Nitcis and Barševskis 
2011). In Europe the species is clasyfied as indicator of 
forest ecosystems (Nieto, Alexander 2010).  

Hemicrepidius hirtus (Herbst, 1784)  
Distribution. Temnikov Dist. (Egorov et al. 2015). 

Ichalki Dist. (Egorov and Ruchin 2009).  
Materials. Ardatovo Dist., Probuzhdenie, 2.VII.2008, 1 

ex. Bolshie Berezniki Dist., 9 km S Simkino, 24.VI.2009, 
29.VI.2009, 4 ex. Kochkurovo Dist., Starye Turdaki, 
8.VII.2008, 1 ex. Saransk, 2014, 1 ex. 

Habitat. The species was noted in deciduous and mixed 
forests, in floodplain oak forests, in floodplain meadows. 

Hemicrepidius niger (Linnaeus, 1758)  
Distribution. Temnikov Dist. (Egorov and Ruchin 

2013, 2014; Egorov et al. 2015, 2016, 2017). Zubova 
Polyana Dist. (Timraleev et al. 2000). Ichalki Dist. 
(Timraleev, Aryukov 2001; Andreichev, Loginova 2005; 
Ruchin et al. 2007; Timraleev, Aryukov 2001). Saransk 
(Ruchin and Alekseev 2008).  

Materials. Temnikov Dist., MSNR, quar. 376, 
15.VII.2017, 2 ex.; quar. 437, 29.VI.2017, 1 ex., G.B. 
Semishin; cord. Inorski, 29.VI.-6.VIII.2017, 7 ex., L.V. 
Egorov, G.B. Semishin. Elniki Dist., Malye Mordovskie 
Poshaty, 22.VII.2017, 1 ex. Ichalki Dist., NPS, Lvovskoe 
forestry, quar. 53, 7.VII.2017, 18.VII.2017, 4 ex., G.B. 
Semishin. Bolshie Berezniki Dist., 9 km S Simkino, 
29.VI.2009, 2 ex.; Degilevka, 12.VI.2015, 1 ex. Saransk, 
20.VI.2009, 1 ex. 

Habitat. The species occurs in various forest biotopes 
(in small-leaved and broad-leaved forests, flooded oak 
forests), as well as in floodplain meadows and steppe 
slopes (Figure 2). According to the data of catches in the 
window traps, flight began from the end of June and its 
peak occurred in the second half of July (cf. Table 1). 
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? Stenagostus rufus (DeGeer, 1774)  
Distribution. It was noted without specifying the 

locality of the findings (Timraleev et al. 2007). 
Remark. A saproxial species confined to forests (Lukin 

2010; Mertlik 2017). Inhabitance in the republic is 
unlikely, but it is possible and requires confirmation. 

Actenicerus sjaelandicus (O.F. Müller, 1764)  
Distribution. Temnikov Dist. (Feoktistov 2011; Egorov 

and Ruchin 2012, 2013, 2014; Egorov et al. 2016). Bolshoe 
Ignatovo Dist. (Ruchin and Alekseev 2008). Ichalki Dist. 
(Andreichev and Loginova 2005; Ruchin et al. 2007). 
Bolshie Berezniki Dist. (Timraleev and Chikina 1991).  

Materials. Temnikov Dist., MSNR, quar. 86, VI-
VII.2011, 1 ex.; quar. 114, VI-VII.2014, 1 ex. Ichalki Dist., 
NPS, Lvovskoe forestry, quar. 53, 21.V.2008, IV-V.2008, 
17.VI.2008, 3 ex., same label, quar. 53, 24.V.2017, 1 ex., 
G.B. Semishin. Ardatovo Dist., Svetotekhnika, 18.V.2008, 
1 ex. 

Habitat. The species occurs in relatively moist 
biotopes: meadows, sphagnum pine forests with spruce, 
birch, floodplain deciduous forests, alders. It was also 
noted in the gardens and fire sites. 

Anostirus castaneus (Linnaeus, 1758)  
Distribution. Temnikov Dist. (Timraleev and Chikina 

1991; Kurmaeva et al. 2008; Feoktistov 2011; Egorov and 
Ruchin 2012, 2013, 2014; Egorov et al. 2015, 2016, 2017). 
Bolshoe Ignatovo Dist., Ichalki Dist. (Egorov and Ruchin 
2009). 

Materials. Temnikov Dist., MSNR, Pushta, 
11.IV.2008, 3.V.2008, 4 ex.; quar. 420, 4.V.2008, 1 ex.; 
cord. Inorski, 15-29.VI.2017, 1 ex., L.V. Egorov, G.B. 
Semishin. Zubova Polyana Dist., 5 km SW Bystrischi, 
1.V.2008, 1 ex. Kochkurovo Dist., Kochkurovo, 8.V.2016, 
1 ex.  

Habitat. With regard to distribution, the species is 
mainly restricted to forest biotopes (mixed and deciduous 
forests, spruce forests with pine, birch, aspen). Adults were 
found on the inflorescences of Umbelliferae. 

Aplotarsus incanus (Gyllenhal, 1827)  
Distribution. Temnikov Dist. (Timraleev and Chikina 

1991; Kurmaeva et al. 2008; Feoktistov 2011; Egorov and 
Ruchin 2012, 2013; Egorov et al. 2015, 2016, 2017). 

Materials. Temnikov Dist., MSNR, quar. 408, 
13.V.2017, 1 ex., L.V. Egorov; quar. 403, 20.V.2017, 1 ex.; 
cord. Pavlovskiy, 16.VI.2017, 1 ex., G.B. Semishin. 

Habitat. The species inhabit humidified biotopes 
(floodplain meadows, sphagnum pine forests, moistened 
spruce forests, deciduous wet forests along the banks of 
water bodies). Imago is often on the inflorescences of 
Umbelliferae. 

Ctenicera pectinicornis (Linnaeus, 1758)  
Distribution. Temnikov Dist. (Egorov and Ruchin 

2013; Egorov et al. 2015, 2016, 2017). Bolshoe Ignatovo 
Dist., Kochkurovo Dist. (Ruchin and Alekseev 2008). 

Materials. Temnikov Dist., MSNR, Pushta, IV-V.2008, 
2 ex. Bolshoe Ignatovo Dist., NPS, Aleksandrovskoe 

forestry, quar. 10, 22.V.2008, 1 ex. Ichalki Dist., NPS, 
Lvovskoe forestry, quar. 53, 21.V.2008, 21.VI.2008, 3 ex., 
same label, 24.V.2017, 23.V.2017, 2 ex., G.B. Semishin. 
Ardatovo Dist., Bolshoe Kuzmino, 26.V.2017, 2 ex. 
Chamzinka Dist., Bolshoe Maresevo, 13.VI.2008, 1 ex.  

Habitat. The main habitats are the fringes and glades of 
forest tracts: mixed, pine forests with spruce, birch, spruce 
forests with pine and birch, deciduous. 

? Liotrichus affinis (Paykull, 1800)  
Distribution. Ruzaevka Dist. (Antsiferova and 

Dobrosmyslov 1966).  
Remark. Palearctic taiga and forest-tundra species 

(Gurieva 1989; Medvedev 2005; Delnatte et al. 2013). 
Inhabitation in the republic requires confirmation. 

Orithales serraticornis (Paykull, 1800)  
Distribution. Temnikov Dist. (Timraleev and Chikina 

1991; Feoktistov 2011). 
Habitat. The species occurs mainly on the fringes, 

roadsides on the shoots of young pines, and also on 
floodplain meadows in the grass stand (Medvedev 2005, 
Mertlik 2015). 

Paraphotistus impressus (Fabricius, 1792)  
Distribution. Temnikov Dist. (Plavilshchikov 1964; 

Timraleev and Chikina 1991; Kurmaeva et al. 2008; 
Egorov et al. 2016, 2017). Bolshoe Ignatovo Dist. (Ruchin 
and Alekseev 2008). 

Materials. Temnikov Dist., MSNR, quar. 361, V-
VI.2011, 1 ex. Staroe Shaigovo Dist., Staroe Akshino, 
11.V.2008, 1 ex. Ichalki Dist., NPS, Kemlyanskoe forestry, 
Smolny, V.2009, 1 ex. 

Habitat. The species occurs on wet meadows, in ripe 
sphagnum pine forests with spruce, birch, deciduous 
forests, mixed forests. It was noted on the fire sites. 

Paraphotistus nigricornis (Panzer, 1799)  
Distribution. Temnikov Dist. (Timraleev and Chikina 

1991; Kurmaeva et al. 2008; Feoktistov 2011; Egorov and 
Ruchin 2012; Egorov et al. 2015, 2016, 2017). Ruzaevka 
Dist. (Ruchin and Alekseev 2008). 

Materials. Temnikov Dist., Tarkhany, 5.VI.2009, 1 ex.  
Habitat. The species was recorded in the floodplain 

oak with linden, in birch forest with pine, aspen, linden, 
and also on the steppe slope. 

Prosternon tessellatum (Linnaeus, 1758)  
Distribution. Temnikov Dist. (Bondarenko 1964; 

Plavilshchikov 1964; Kurmaeva et al. 2008; Egorov and 
Ruchin 2012, 2013, 2014; Egorov et al. 2015, 2016, 2017). 
Ichalki Dist. (Ruchin et al. 2007). Bolshoe Ignatovo Dist., 
Ruzaevka Dist. (Ruchin and Alekseev 2008).  

Materials. Temnikov Dist., Temnikov, 10.V.2009, 1 
ex.; Andreevka, 11.V.2013, 2 ex.; Kitsaevka, 12.V.2013, 1 
ex.; Russkoe Karaevo, 21.V.2017, 2 ex. Temnikov Dist., 
MSNR, quar. 354, 20.V.2017, 5 ex.; quar. 437, 29.VI.2017, 
2 ex.; quar. 357, 4.VII.2017, 1 ex.; quar. 420, 6.VIII.2017, 
1 ex.; cord. Drozhdenovski, 18.VI.2017, 3 ex.; cord. 
Inorski, 14.VI.2017, 1 ex.; cord. Pavlovskiy, 17.VI.2017, 
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6.VIII.2017, 2 ex.; cord. Podrubnyi, 4.VIII.2017, 2 ex. 
Zubova Polyana Dist., 5 km SW Bystrischi, 1.V.2008, 2 
ex.; Mordovskaya Polyana, 7.VI.2008, 1 ex. Atyurevo 
Dist., Chudinka, 7.VI.2008, 1 ex.; Mordovskaya Kozlovka, 
VI-VII.2012, 15 ex.; Dmitriev Usad, VI-VII.2012, 1 ex.; 
Kamenka, 21.VI.2016, 1 ex. Elniki Dist., Novye 
Pichingushi, IV-VI.2014, 26 ex.; Novye Shaly, V-VI.2014, 
2 ex. Krasnoslobodsk Dist., Belikovskie Vyselki, VI-
VII.2012, 1 ex. Kovylkino Dist., Andreevka, 30.VII.2008, 
1 ex. Staroe Shaigovo Dist., Lesnichestvo, 17.VII.2009, 1 
ex.; Nikolskaya Salovka, 8.VII.2017, 4 ex. Ichalki Dist., 
Khanineevka, V-VI.2009, 3 ex.; 3 km NE Lobaski, 
9.VIII.2013, 3 ex.; NPS, Barakhmanovskoe forestry, quar. 
108, IV-V.2008, 3 ex., 20.VII.2007, 1 ex., same label, quar. 
74, 6.VI.2017, 1 ex., G.B. Semishin. Ardatovo Dist., 
Oktyabrskyi, 19.V.2008, 1 ex. Dubenki Distr., 8 km SE 
Engalychevo, 1.VII.2009, 1 ex. Romodanovo Dist., 
Pushkino, VIII.2013, 10 ex. Ruzaevka Dist., Levzhenskiy, 
7.VI.2005, 1 ex. Bolshie Berezniki Dist., 5 km SE Permisi, 
24.VII.2008, 1 экзD.K. Kurmaeva; 9 km S Simkino, 
30.VI.2009, 2 ex.  

Habitat. The species occurs in a wide variety of open 
and forest habitats (mixed forests, deciduous forests, alder 
forests, floodplain and meadow meadows, pine forests of 
various types and ages, orchards and gardens, steppe 
slopes, agrocenoses, forest shelterbelts) (Figure 2). The 
species flies into the light. 

? Pseudanostirus globicollis (Germar, 1843)  
Distribution. Temnikov Dist. (Timraleev and Chikina 

1991; Kurmaeva et al. 2008; Feoktistov 2011). 
Remark. So far, the most northern finds have been 

indicated from the Brest (Belarus), Kursk, Ulyanovsk, 
Samara and Tula oblasts (Alexandrovich 1995; Guryeva 
1989; Isaev 2000; Dorofeev 2006). It is confined to broad-
leaved forests (Gurieva 1989). In the light of recent 
findings in the territory of Mordovia similar species of 
Coleoptera found in broad-leaved forests (Ruchin and 
Egorov 2018; Tomaszewska et al. 2018), the presence of 
the habitat of P. globicollis is likely to be found, but it 
requires additional studies. 

Selatosomus aeneus (Linnaeus, 1758)  
Distribution. Temnikov Dist. (Bondarenko 1964; 

Plavilshchikov 1964; Kurmaeva et al. 2008; Egorov and 
Ruchin 2012, 2013, 2014; Egorov et al. 2015, 2016, 2017). 
Bolshoe Ignatovo Dist., Ichalki Dist. (Ruchin and Alekseev 
2008). Ichalki Dist. (Andreichev, Loginova 2005; Ruchin 
et al. 2007). Lyambir Dist. (Loginova et al. 2006). 
Ruzaevka Dist. (Antsiferova, Dobrosmyslov 1966).  

Materials. Tengushevo Dist., Barashevo, V.2008, 1 ex. 
Temnikov Dist., Kitsaevka, 12.V.2013, 1 ex. Temnikov 
Dist., MSNR, Pushta, 3.V.2008, 30.V.2008, IV-V.2008, 4 
ex.; cord. Inorski, 9.V.2009, 21.V.2017, 2 ex.; quar. 84, VI-
VII.2014, 1 ex.; quar. 59, VII-VIII.2015, 2 ex.; quar. 408, 
11.VII.2017, 1 ex.; quar. 324, 13.VII.2017, 1 ex.; cord. 
Pavlovskiy,, 17.VI.2017, 1 ex., G.B. Semishin. Zubova 
Polyana Dist., 5 km SW Bystrischi, 1.V.2008, 2 ex.; 
Tenishevo, 2.V.2008, 1 ex. Elniki Dist., Starye Shaly, V-
VI.2014, 3 ex. Bolshoe Ignatovo Dist., NPS, 

Aleksandrovskoe forestry, quar. 10, 22.V.2008, 1 ex. 
Ichalki Dist., NPS, Barakhmanovskoe forestry, quar. 108, 
IV-V.2008, 1 ex.; Kemlyanskoe forestry, Smolny, V.2009, 
1 ex.; Lvovskoe forestry, quar. 53, 9.VI.2017, 1 ex., G.B. 
Semishin. Ardatovo Dist., Turgenevo, 19.V.2008, 1 ex.; 
Oktyabrskyi, 19.V.2008, 1 ex. Dubenki Distr., Yavleika, 
V.2008, 1 ex. Chamzinka Dist., Komsomolski, VI.2008, 1 
ex., M.K. Ryzhov. Kochkurovo Dist., Podlesnaya Tavla, 
8.V.2016, 1 ex. Saransk, 8.V.2009, V.2015, 3 ex. 

Habitat. Adults were found in a variety of biotopes: 
pine forests of various types and ages, spruce forests, 
floodplain meadows, thickets along river banks, broad-
leaved forests, deciduous forests of secondary origin, 
steppe slopes with carbonate outcrops. The number in soil 
traps in different biotopes is the following: in the spruce 
forest - 0.2 ex./100 trap-days, in the mixed forest - 0.2, in 
the deciduous forest - 0.4. 

Selatosomus cruciatus (Linnaeus, 1758)  
Distribution. Temnikov Dist. (Timraleev and Chikina 

1991; Kurmaeva et al. 2008; Feoktistov 2011; Egorov and 
Ruchin 2013, 2014; Egorov et al. 2015, 2016, 2017). 
Zubova Polyana Dist. (Ruchin and Alekseev 2008). 
Bolshie Berezniki Dist. (Timraleev and Chikina 1991). 

Materials. Temnikov Dist., Bochino, VII.2008, 1 ex., 
S.V. Susarev; Andreevka, 11.V.2013, 2 ex.; Kitsaevka, 
12.V.2013, 1 ex. Temnikov Dist., MSNR, quar. 79, V-
VI.2014, 4 ex.; quar. 58, V-VI.2014, 1 ex.; quar. 439, V-
VI.2014, 1 ex.; quar. 403, 20.V.2017, 1 ex.; окр. 
Podrubnyi, 20.V.2017, 1 ex.; cord. Inorski, 12.V.-
1.VI.2017, 15 ex., L.V. Egorov, G.B. Semishin. Ichalki 
Dist., NPS, Barakhmanovskoe forestry, quar. 108, IV-
V.2008, 3 ex.; Kemlyanskoe forestry, Smolny, V.2009, 1 
ex. Ardatovo Dist., Oktyabrskyi, 19.V.2008, 2 ex.  

Habitat. The species occurs in clearings, glades, 
fringes in forest habitats (in mixed, deciduous forests, in 
alder forests, in riparian spruce grove, in pine forests of 
various types and ages). 

Selatosomus latus (Fabricius, 1801)  
Distribution. Temnikov Dist. (Egorov et al. 2015). 

Lyambir Dist. (Loginova et al. 2006; Ruchin and Alekseev 
2008). Ichalki Dist. (Andreichev, Loginova 2005; Ruchin 
et al. 2007).  

Materials. Krasnoslobodsk Dist., Selishchi, 5.VI.2009, 
1 ex. Ichalki Dist., NPS, Barakhmanovskoe forestry, quar. 
108, IV-V.2008, 1 ex.; Lvovskoe forestry, quar. 53, IV-
V.2008, 3 ex. Ardatovo Dist., Svetotekhnika, 18.V.2008, 1 
ex. Ruzaevka Dist., Levzhenskiy, 9.VI.2009, 1 ex. 
Oktyabrskiy Distr., Monastyrskoe, 12.VI.2017, 1 ex. 

Habitat. The species occurs more often in sparse 
forests (birch forests, mixed and deciduous forests) and 
open biotopes (dry and floodplain meadows). 

Subfamily Negastriinae Nakane & Kishii, 1956 

Negastrius pulchellus (Linnaeus, 1760)  
Distribution. Temnikov Dist. (Kurmaeva et al. 2008; 

Feoktistov 2011). Lyambir Dist. (Timraleev and Chikina 
1991). Bolshie Berezniki Dist. (Timraleev and Chikina 1991). 
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Materials. Bolshie Berezniki Dist., 9 km S Simkino, 
29.VI.2009, 2 ex. 

Habitat. The species occurs in the aquatic biotopes. 

Oedostethus quadripustulatus (Fabricius, 1792)  
Distribution. Temnikov Dist. (Egorov and Ruchin 

2013; Egorov et al. 2016).  
Materials. Temnikov Dist., MSNR, quar. 427, 

VI.2014, 1 ex. Saransk, 2014, 1 ex.  
Habitat. The species occurrs both in the forests (a ripe 

spruce forest with a pine, birch, mixed forest), and on 
floodplain meadows.  

Subfamily Cardiophorinae Candeeze, 1859  

Cardiophorus asellus (Erichson, 1840)  
Distribution. Zubova Polyana Dist. (Ruchin et al. 

2009).  
Habitat. The species was found in a mixed forest. 

Cardiophorus ebeninus (Germar, 1823)  
Distribution. Temnikov Dist. (Egorov et al. 2016).  
Habitat. One specimen was caught in a ripe sphagnum 

pine with spruce, birch. 

Cardiophorus ruficollis (Linnaeus, 1758)  
Distribution. Temnikov Dist. (Timraleev and Chikina 

1991; Kurmaeva et al. 2008; Feoktistov 2011; Egorov and 
Ruchin 2013, 2014; Egorov et al. 2016, 2017). Ichalki Dist. 
(Egorov and Ruchin 2009). 

Materials. Tengushevo Dist., Barashevo, V.2008, 1 ex. 
Temnikov Dist., Andreevka, 11.V.2013, 1 ex. Temnikov 
Dist., MSNR, cord. Inorski, quar. 424, 13.V.2017, 1 ex.; 
cord. Dolgyi Most, 13.V.2017, 1 ex., L.V. Egorov; quar. 
408, 11.VII.2017, 1 ex. Ichalki Dist., NPS, 
Barakhmanovskoe forestry, quar. 108, 5-20.VI.2017, 2 ex., 
G.B. Semishin; Barakhmanovskoe forestry, quar. 112, 4-
19.VII.2017, 1-15.VIII.2017, 2 ex., G.B. Semishin. 

Habitat. The species occurs in clearings, fringes, 
glades and roads in various types of forests (floodplain 
deciduous, mixed, pine forests of various types and ages, 
spruce forests, near forest marshes). The amount of the 
spesimens in the soil traps was low: in the deciduous forest 
- 0.4 ex./100 trap-days, in the mixed forest - 0.2. The 
species flies into the light. 

Dicronychus equiseti (Herbst, 1784)  
Distribution. Temnikov Dist. (Egorov and Ruchin 

2013, 2014; Egorov et al. 2015, 2017). Ichalki Dist. 
(Egorov and Ruchin 2009). 

Habitat. The species occurs in pine forests, mixed 
forests along fringes and glades, rarely on floodplain 
meadows.  

Discussion 
On the territory of the Republic of Mordovia 58 species 

of click beetles have been recorded so far. Adrastus pallens 
is a new record for the republic. For 6 species of click 
beetles (Agriotes pilosellus, Melanotus crassicollis, 
Melanotus fusciceps, Liotrichus affinis, Pseudanostirus 

globicollis, Stenagostus rufus), known only from the 
literature, confirmation of findings with new material from 
the territory of the republic is required. Two species 
(Agriotes acuminatus, Limoniscus suturalis) are probably 
excluded from the fauna of the republic. Mass species that 
occur in various biotopes include Agrypnus murinus, 
Hemicrepidius niger, Prosternon tessellatum, and 
Selatosomus aeneus. In addition to them, the most common 
species that live in a limited number of biotopes are 
Agriotes lineatus, Agriotes obscurus, Agriotes sputator, 
Dalopius marginatus, Ampedus balteatus, Ampedus 
pomorum and Athous subfuscus. 

In general, the number of species of click beetles in 
Mordovia is comparable to that in adjacent regions. So, in 
the Ulyanovsk region 69 species are known (Isaev 2000), 
in Chuvashia - 66 species (according to L.V. Egorov), in 
Nizhny Novgorod - 62 species (Anufriev et al. 1981). In 
other adjacent regions (Penza and Ryazan regions) the 
fauna of this family has not been adequately studied. 

In greater degree it was studied in the Tula region - 57 
species (Dorofeev 2009; Dorofeev et al. 2015), the 
Republic of Komi - 56 species (Medvedev 2005), Lipetsk 
region - 49 species (Tsurikov 2009). In the fauna of the 
click beetles of the Republic of Komi, Tula region species 
associated with forest habitats predominate. This is 
understandable in consideration of high afforestation of 
these regions. On the other hand, the inhabitants of steppe 
biotopes appear in the fauna of click beetles of the 
Ulyanovsk region (Aleinikova 1962). In the Lipetsk region 
the species diversity of the click beetles decreases, with 
decrease in the number of boreal species. 

Thus, the high species diversity of the click beetles in 
Mordovia, Chuvashia, Ulyanovsk and Nizhny Novgorod 
regions is explained by the forest-steppe character of their 
territories. In these regions, the fauna of click beetles has a 
"transitional" character and includes boreal, nemoral and 
steppe elements. Therefore, it is possible that in the 
Republic of Mordovia other representatives of both the 
forest and steppe fauna of the click beetles will be found, 
e.g., Agriotes gurgistanus (Faldermann, 1835), Sericus 
sulcipennis (Buysson, 1893), Elater ferrugineus (Linnaeus, 
1758), Cidnopus aeruginosus (Olivier, 1790), Cidnopus 
pilosus (Leske, 1785), Oedostethus tenuicornis (Germar, 
1823), Drapetes mordelloides (Host, 1789), and some 
species of Cardiophorus (Eschscholtz, 1829). 
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Abstract. Desrita, Muhtadi A, Tamba IS, Ariyanti J, Sibagariang RD. 2018. Community structure of nekton in the upstream of Wampu 
Watershed, North Sumatra, Indonesia. Biodiversitas 19: 1366-1374. River is a habitat for many aquatic organisms. Water quality is the 
main river characteristic that strongly influences distribution pattern, biodiversity, and abundance of aquatic organisms. Nekton is 
aquatic organism that swims and moves actively on their desire, for example, fish, shrimp, amphibian and also big aquatic insects. The 
purpose of this research was to know the habitat condition and biodiversity of nekton in the upstream of Wampu watershed. The habitat 
condition was measured by examining the temperature, visibility, flow velocity, depth of waters, dissolved oxygen, pH, kind of 
substrate, the width of the river, body width of river and rate of flow of the river. The type of nekton was determined by catching the 
nekton using a backpack of electrofishing unit with an electric flow of 12 Volt and 9 Ampere. The upstream habitat condition of Wampu 
watershed was characterized by big stone, pebble, sandy type of substrate with moderate to strong current flow, and the clear aquatic. 
Physical and chemical parameters in upstream of Wampu watershed were still sustainable and appropriate as habitat for fish and shrimp. 
The result of this research showed a variety of nekton collected, comprised of 27 species of fish, five species of shrimp of inland water. 
Two species of fish from Tor genera, i.e., T. soro and T. tambroides were also found in this study. The highest diversity (H´) in this 
research site was the Bahorok River (2.12), followed by Landak River (1.93) at the second, and the lowest was Berkail River with only 
about 1.50 diversity index.  

Keywords: Biodiversity, freshwater fish, Bahorok River, Wampu Watershed 

INTRODUCTION 

River is dynamic open water because there is a 
fluctuated stream at any time (Gordon et al. 2004). 
Furthermore, Muhtadi et al. (2014) explained that rivers as 
open waters have the currents, the environmental gradient 
differences, and the land affection. A river is the habitat of 
various types of aquatic organisms such as plankton, 
benthos, and nekton (Gordon et al. 2004; Odum and Barrett 
2004). Nekton is an organism that can swim and move 
actively on its own, such as fish and shrimp, amphibians 
and large water insects (Welch 1952; Odum and Barrett 
2004). Kottelat et al. (1993) recorded that approximately 
1300 species of freshwater fishes were discovered in 
Indonesia, most of which were found in river waters. 
Wowor (2010) identified about four types of freshwater 
crabs and 23 types of native crustaceans in the Cisadane 
River Basin (Wowor et al. 2009).  

The conditions and characteristics of waters habitat 
including water quality  were affected mostly by the 
pattern of distribution, diversity, and abundance of nekton 
(Muhtadi et al. 2017); fishes (Simanjuntak 2012a), shrimps 
and crabs (Eprilurahman et al. 2015; Trijoko et al. 2015). 
The ecological conditions of the habitat can affect the 
abundance of the shrimp in the river (Supriadi 2012). 
Gordon et al. (2004) and Winemiller et al. (2008) stated 
that fluctuations in water environment conditions either 

directly or indirectly will influence the composition of fish 
communities that inhabit the river. Hence, Gordon et al. 
(2004) and Higgins (2009) suggested that current velocity, 
habitat availability, and temperature affect the functional 
structure of fish communities, while the substrate and river 
width structures predispose the fish taxonomy structure. 

Wampu watershed is one of the water resources in 
Langkat Districit in North Sumatra Province with a river 
length of approximately 105 km and a river width of 100 
m. Hence, it has a normal volume of about 80 km3 passing 
through Bahorok, Salapian, Kuala, Selesai, Stabat, Binjai, 
Secanggang and Tanjung Pura Districts (Center Bureau of 
Statistics 2013). The results of study on nekton in upstream 
of Wampu watershed in 2016 by Muhtadi et al. (2017) 
revealed that there were about 15 species of fish, one type 
of freshwater crabs and one type of freshwater shrimp. 
Furthermore, Muhtadi et al. (2017) found that the upper 
watershed of Wampu, especially the Bahorok and Berkail 
Rivers, was the primary habitat of the Tor fish. Tor fish is 
an economically important and socially valuable fish for 
Batak people in North Tapanuli and Mandailing, South 
Tapanuli. Hence, the Mandailing people must serve the Tor 
fish as a mandatory of the traditional Tapanuli wedding 
ceremony. Therefore, it is necessary to study the nekton in 
various currents (low, medium and large) in three rivers 
that flow into the Wampu watershed, namely the Bahorok, 
Berkail and Landak Rivers. 
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MATERIALS AND METHODS 

Study area 
This research was conducted in July-September 2017. 

Data collection was undertaken at the upstream of Wampu 
Watershed, Langkat District, North Sumatra Province, 
Indonesia, namely, the Bahorok River, Landak River, and 
the Berkail River (Figure 1). Sampling was carried out on 
the segment of low, medium and large currents. The 
identification of nekton was done at the Laboratory of 
Biology and Aquaculture, Agriculture Faculty, the 
University of Sumatra Utara based on the identification 
keys in references such as Kottelat et al. (1993), Fishbase 
(2017), Wowor et al. (2004) and Wowor (2010). 

Procedures 
Habitat conditions were determined by measuring the 

physics-chemical parameters of the waters and the 
measurements were carried out directly in the field. The 
temperature was measured by using a thermometer, the 
current velocity was measured by using the estimated ball, 
the depth was determined with the scaled plank, DO was 
measured by using a DO meter, and the pH was determined 
using a pH meter. Meanwhile, the substrate type was 
observed directly with the senses of sight as well as the 
width and the body width of the river was measured by a 
length measuring meter. 

Type of nekton was captured by a backpack of 
electrofishing units where the resulting electrical current 
was sourced from 12 volts and 9-ampere battery. This tool 

is very useful for shallow aquatic waters such as river and 
creek. The operation of this tool was carried out for each 
location along the rivers. Electrofishing operators will 
move in the opposite direction with river currents (moving 
upstream), and the fishes were captured by inserting them 
into plastic bags by using a hand net. The nekton was 
photographed and preserved in 10% formalin solution, 
labeled with the local name of the fish, location, collection 
date, collector name, and other necessary information. 

Data analysis 
The diversity of nekton communities in aquatic is 

known through several attributes such as the diversity 
index of Shannon-Wiener (H'), Evenness (E) and 
Dominance (D) (Krebs 1989). The Diversity index (H') is 
used to obtain a mathematical picture of the organism's 
population. H' can facilitate the analysis of information on 
the number of individuals of each species within a 
community (Odum and Barrett 2004). Nekton diversity was 
calculated by the Diversity index of Odum (Odum and 
Barrett 2004) by the formula:  

 
H' =- ( ∑ pi ln pi ) 
 
Where :  
H' = Index of species diversity 
ni = Individual quantity from each species  
N = Quantity of individual 
Pi = Necessary probability for each species = ni/N, 

 
 

 

  
 
Figure 1. Research location at the upstream of Wampu Watershed, Langkat District, North Sumatra Province, Indonesia: B1 
(03º33’327”N, 98º05’574”W), B2 (03º28’48.34”N, 98º07’56.75”W), B3 (03º30’50.34”N, 98º07’56.75”W); and the detected sites 
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Index of Diversity is used to describe how much the 
balance in an ecosystem. The similarity of individuals 
caught (equitability) was calculated by following the 
equation: 

 

E = H'/H` max 
 

Where:  
E = Index of similarity of Shannon-Wienner 
H= The balance of species 
H` max = Index of maximum diversity (lnS), 
S = Species total amount 
Index of Dominance was used to get information about 

fish species dominating a fish community at each habitat. 
Index of Dominance illustrates the species composition in 
the community. Index of Dominance was calculated 
following a method by Simpson in Krebs (1989).  

 

C = ∑ ( 2  

 

Where :  
C = Index of dominance 
ni = Individual amount from each species 
N = Community individual total  

RESULTS AND DISCUSSION 

Characteristics of aquatic habitat  
Based on survey results in the field, the land use around 

the sampling location in the upstream of Bahorok River 
(Bukit Lawang) and the Berkail River (Batujonjong 
Village) was an unspoiled area. This area is part of Gunung 
Leuser National Park area (TNGL). To reach this place, we 
had to trace the river and went through the TNGL forest. At 
the Landak River observation station (Timbang Lawan 
Village) is a community plantation area, around the rubber 
trees and other plantations. The condition around the 
observation location is shown in Figure 2. In Table 1, the 
results of measurement of several physical and chemical 
parameters of water in the upstream of Wampu aquatic in 
each station.  

The substrate on the upstream of Wampu watershed 
was sandy and stone substrate type. On the Bahorok River 
and Berkail River, we found large rocks with the strong 
dominant flow. In the Landak River section, we discovered 

a pebble and sandy substrate with a middle-dominant flow. 
The segment of Berkail River was narrower in the river 
width and river body width. Furthermore, almost as long as 
two km of steeply rock cliffs were found in this study. The 
river width and river body width of Bahorok and Landak 
Rivers were broader than those of Berkail River. Flow 
velocity in the Bahorok River was higher than other rivers, 
reaching 5.83 m s-1. The flow velocity of Landak River was 
relatively low to middle of about of 0.2-2.7 m s-1. River 
debit of either the Bahorok or the Berkail River was higher 
than that of Landak River (46.67 m3 s-1 and 31.54 m3 s-1, 
redepcyively). At a certain point, the flow velocity of 
Landak was recorded at 2.7 m s-1 but with a lower debit 
(7.54 m3 s-1), not more dangerous than Bahorok and Berkail 
Rivers. 

Temperature changes significantly affect the physics, 
chemical and biological processes that happened in the 
water. The temperature range in upstream of Wampu was 
about 24.60-27.5C. Temperatures in Landak River 
segment were warmer than Bahorok and Berkail Rivers 
(25.5-27.5) C. This is because of coverage area in these 
rivers were more open access than Bahorok and Berkail 
River areas. In Landak River, the plantation area with tree 
closing level is much lower than the segment of Bahorok 
and Berkail Rivers that are overgrown by natural forest. 

Species wealth of nekton 
During the research, nekton caught were as many as 27 

species of fish and five types of freshwater shrimp. In this 
study, we found two kinds of Tor fish namely T. soro, and 
T. tambroides, and one type of eel fish (Anguilla sp). 
Besides, around river Bahorok and Berkail Rivers, we also 
found a kind of freshwater turtle, i.e., Heosemys spinosa. 
The types of nekton found in upstream of Wampu are 
presented at Table 2. Sidat fish are migration fish from 
upstream to downstream (sea) or often called katadromous. 
Based on information from the society around the study 
site, Bahorok and Berkail Rivers are habitat of Jurung and 
Sidat fishes that can be found upstream of the two rivers 
flowing downstream to Aceh (Singkil). Both types of fish 
are the primary commodity caught by fish hunters from 
Medan, especially the Chinese community. For the Chinese 
community, consuming both types of fish will bring 
hockey to them. 

 

 
  

 
A B C 

 
Figure 2. Conditions around the data sampling location at the upstream of Wampu Watershed, Langkat District, North Sumatra 
Province, Indonesia. A. Bahorok River, B. Berkail River, C. Landak River 
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Table 1. Condition of aquatic environment at the research location at the upstream of Wampu Watershed, Langkat District, North 
Sumatra Province, Indonesia   
 
Environmental  
parameter  

Bahorok River Landak River Berkail River 
High Middle Low High Middle Low High Middle Low 

Substrate Big rocks Big rocks Gravel, sandy Small rocks Gravel Sandy Big rocks Big rocks Gravel, sandy 
Depth (m) 0.4-1.0 0.2-1.0 0.2-1.5 0.1-1.0 0.07-0.2 0.05-1.2 0.6-1.2 0.5-1.0 0.3-1.5 
Width of river (m) 15-25 15-25 20-30 20-30 20-30 20-40 10-20 10-20 10-25 
Body-width of river (m)  20-50 20-50 50-100 20-50 20-50 50-100 30-60 30-60 30-80 
Flow (ms-1) 1.93-5.83 1.02-1.75 0.58-1.61 1.16-2.49 0.88-1.32 0.20-0.64 0.98-2.73 0.61-2.17 0.43-0.91 
Rate of flow (m3s-1) 22.41-46.67 4.55-7.35 18.84-31.54 
Temperature (°C) 25.20 25.30 25.20 25.5 26.0 27.5 24.65 24.60 25.25 
DO (mg L-1) 8.50 7.70 7.70 7.45 7.4 7.1 8.45 8.35 7.70 
pH 7.30 7.20 7.30 7.70 7.80 7.30 8.30 8.30 8.30 
  
 
 
Table 2. Fish species caught in the upstream of of Wampu Watershed, Langkat District, North Sumatra Province, Indonesia 
 
Class, Family 
Species  

Indonesian  
name 

Local  
name 

Common  
name 

Bahorok  
River 

Landak  
River 

Berkail  
River 

Pisces       
Anguilidae       

Anguilla sp. Sidat Dondong Eel √   
Bagridae       

Mystus nemurus Baung Baung Asian redtail catfish  √ √ √ 
Mystus nigriceps Baung Keting Twospot catfish  √  
Leiocassis micropogon Baung Baung Kuning Bumble bee catfish √ √ √ 

Channidae       
Channa striata Gabus Gabus Snakehead  √  

Cyprinidae       
Barbodes schwanenfeldii Lemeduk Lemeduk Tinfoil barb   √ 
Crossocheilus cobitis  Rabit Carb √  √ 
Hampala macrolepidota Barau Sebarau Hampala barb √ √  
Mystacoleucus marginatus  Cencen Carps √ √  
Osteochilus hasseltii Nilem Paweh Hard lipped barb √ √  
O. microcephalus Paitan Paitan Bonylip barb  √  
Puntius brevis  Wader Swamp barb √ √ √ 
Puntius lateristriga  Wader Belang Spanner barb √ √ √ 
Rasbora haru Pantau Siluang Rasbora √ √ √ 
Rasbora spp. Pantau Siluang Rasbora √ √ √ 
Tor soro Jurung Gemo Tor barb √ √ √ 
Tor tambroides Jurung Jurung Tor barb √ √ √ 

Siluridae       
Ompok bimaculatus Lais Ompok Butter catfish √ √  
O. leiacanthus Lais Ompok Catfish  √  
Silurichthys hasseltii Lais Selais Catfish √   

Sisoridae       
Glyptothorax platypogon Lele Gunung Baung layau Sisorid catfish √ √ √ 
G. platypogonoides Lele Gunung Baung Layau Sisoridcatfish √ √ √ 

Mastacembelidae       
Mastacembelus unicolor Tilan Mirik Spiny eels  √  
M. notophthalmus Tilan Mirik Spiny eels  √  

Hemirhampidae       
Hemirhamphodon tengah Julung-julung  Halfbeaks  √  

Kuhlidae       
Kuhlia marginata - - Spotted flagtail √   
Syngnathidae       
Doryichthys martensii - - Longsnouted pipefish  √  

Crustacea       
Atyidae       

Atyopsis moluccensis Udang Bambu Udang Bamboo shrimp √   
Palaemonidae       

Caridina gracillirostris Udang beras  Rhino shrimp  √  
Macrobrachium equidens Udang  Rough river prawn √ √ √ 
Macrobrachium spp. Udang  Freshwater prawn √   

Solenoceridae       
Solenocera crassicornis Udang  Red prawn √ √  

Total    22 25 13 
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Spatially, there were differences in the number and 

distribution of nekton in three segments of upstream of 
Wampu watershed. Species wealth in Sungai Landak was 
higher (25 species) as compared to that in Bahorok River 
(22 species) and Berkail River (13 species). However, the 
total number of fish found on Baharok River (240 fish) was 
higher than that in Berkail River (184 fish) and Landak 
River (135 fish). The number of fish species found in 
Berkail River was fewer due to the river topography that 
was deeper and narrower. It was very rare to find segments 
of low-flow shallow streams and pebbles in this river. In 
the Bahorok River segment, however, we still discovered 
many grooves river and low flow velocity with 
sandy/gravel substrate. This indicates that flow is one of 
limiting factors for the spread of nekton in the river. 

Diversity, evenness, dominance of fish at wampu 
watershed 

The diversity index is used to obtain a description of the 
population of organisms; evenness is used to describe how 
much balance in an ecosystem and dominance index is to 
get information on the dominant fish species. Although a 
higher number of fish species was found in Landak River 
(25 species), the highest nekton diversity index (H') was 
found in Bahorok River segment (22 species) (H'=2.12), 
followed by Landak River (1.93) and Berkail River (1.50). 
Likewise, the evenness index (E) was highest in Bahorok 
River (0.69) and lowest in Berkail River (0.59). This 
indicates that the number of species is not the main 
diversity indicator of species in aquatic, but proportion 
between species found in these waters. This is also seen in 
the dominance index that was higher in Bahorok River 
even though the value of H 'and E was the highest of these 
rivers. However, the dominance value was still low (below 
0.5), so it can be said that there were not dominant species 
in this aquatic area. Dominance value obtained was about 
0.02-0.23 with the highest value found in Bahorok River, 
followed by Berkail River, and Landak River. 

Discussion  
Characteristic of aquatic habitat 

Rocky cliffs were found in the segment of Bahorok and 
Berkail Rivers. The sloping areas in the segment of 
Bahorok and Berkail River were steeper than Landak River 
section. The slope and the narrow width of the river were 
the main factors causing the higher flow in Bahorok and 
Berkail Rivers. The average depth of Bahorok River and 
Berkail River were about 30-200 cm and that of Landak 
river was about 30-150 cm. The rocky and high flow 
substrate conditions signify upstream river segment, as 
revealed by research by Pasisingi et al. (2014) who found 
that the upstream segment of the Cileungsi River were 
rapid flow and rocky substrate. Gordon (2004) and Mihow 
et al. (2011), mentioned that rivers in the upland segment 
(upstream) are characterized by large rock substrate, rapid 
current, and narrow river width. Furthermore Muhtadi et al. 
(2014, 2017) suggested that the upstreams are also 
characterized by large slopes and narrow river width.  

 

Table 3. Distribution of fish caught spatially and temporally in 
the upstream of Wampu Watershed, Langkat District, North 
Sumatra Province, Indonesia 
 

Class, Family 
Species  

Bahorok 
River 

Landak 
River 

Berkail 
River 

Ju
l 

A
u

g 

S
ep

 

Ju
l 

A
u

g 

S
ep

 

Ju
l 

A
u

g 

S
ep

 

Pisces          
Anguilidae          

Anguilla sp. 1         
Bagridae          

Mystus nemurus   4 2 1 3 8  4 
Mystus nigriceps    3 1     
Leiocassis micropogon 5   5 1    1 

Channidae          
Channa striata     3     

Cyprinidae          
Barbodes schwanenfeldii         1 
Crossocheilus cobitis 2  4      8 
Hampala macrolepidota 2   2      
Mystacoleucus marginatus  13   2     
Osteochilus hasseltii  1  2      
O. microcephalus    1      
Puntius brevis 6 4   15 3 3   
Puntius lateristriga  2  3 6 4  3 8 
Rasbora haru 7 15  19 2  3 10  
Rasbora spp.  1  3 1 7 1  1 
Tor soro 23 14 72 2  4 14 28 54 
Tor tambroides 3 1 11   2 1 14 10 

Siluridae          
Ompok bimaculatus    2      
O. leiacanthus          
Silurichthys hasseltii  1        

Sisoridae          
Glyptothorax platypogon    2 1 1    
G. platypogonoides     1     

Mastacembelidae          
Mastacembelus unicolor 2   2      
M. notophthalmus    3 1     

Hemirhampidae 1  1       
Hemirhamphodon tengah          

Kuhlidae 3 2 4 5 5  2 1  
Kuhlia marginata 2 1 14  3 2 2  5 
Syngnathidae          
Doryichthys martensii    1 1     

Crustacea          
Atyidae          

Atyopsis moluccensis  1 1       
Palaemonidae          

Caridina gracillirostris    1 1     
Macrobrachium equidens   11 2 2    2 
Macrobrachium spp. 1  1       

Solenoceridae          
Solenocera crassicornis   3 1 1     

Total 58 56 126 64 48 26 34 56 94 
 

 
 
The temperature in upstream of Wampu Watershed was 

in the normal ranged and was still suitable for aquatic biota 
life. Of course, the optimal temperature for the growth of 
aquatic biota is specific for a particular biota type. Low 
temperatures in the upstream were due to their higher 
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altitude from the sea level. Effendi (2003) said that 
temperature is influenced by season, measurement time and 
height/latitude. The temperature range found in this study 
is not much different from that of Pasisingi et al. (2014) of 
about 23-29C and Muhtadi et al. (2017) with a 
temperature range of 23-29C. 

 
 
Tabel 4. Amount of nekton caught based on the flow condition  
 

Class, Family 
Species  

Bahorok 
River 

Landak 
River 

Berkail 
River 

H
ig

h 

M
id

d
le

 

L
ow

 

H
ig

h 

M
id

d
le

 

L
ow

 

H
ig

h 

M
id

d
le

 

L
ow

 
Pisces          

Anguilidae          
Anguilla sp.  1        

Bagridae          
Mystus nemurus   9  5    9 
Mystus nigriceps     2     
Leiocassis micropogon  5   5   4  

Channidae          
Channa striata      3    

Cyprinidae          
Barbodes schwanenfeldii        1  
Crossocheilus cobitis  4 2    5 1 1 
Hampala macrolepidota   2  2     
Mystacoleucus marginatus  13  5 10     
Osteochilus hasseltii   1   2    
O. microcephalus      1    
Puntius brevis   6   8   2 
Puntius lateristriga   2   10   11 
Rasbora haru  1   21   13  
Rasbora spp.  7   10   2  
Tor soro 23 38 13 4   13 10 12 
Tor tambroides 5 5 2 2   10 4 2 

Siluridae          
Ompok bimaculatus     2     
O. leiacanthus          
Silurichthys hasseltii  2        

Sisoridae          
Glyptothorax platypogon      3    
G. platypogonoides      1    

Mastacembelidae          
Mastacembelus unicolor  2    2    
M. notophthalmus      4    

Hemirhampidae          
Hemirhamphodon tengah          

Kuhlidae  9   10   3  
Kuhlia marginata  17   5   7  
Syngnathidae          
Doryichthys martensii      2    

Crustacea          
Atyidae          

Atyopsis moluccensis   2       
Palaemonidae          

Caridina gracillirostris      2    
Macrobrachium equidens   11   2   2 
Macrobrachium spp.   2       

Solenoceridae          
Solenocera crassicornis   3   2    

Total 11 28 104 55 11 72 42 28 45 
 

On the upstream part of Wampu, we obtained visibility 
value to the bottom of the waters of 100%. Visibility is 
very closely related to turbidity because it can inhibit the 
entry of light into the aquatic area. High turbidity can cause 
the decrease of visibility. This is in line with the statement 
of Effendi (2003) that high turbidity disruption can lead of 
osmoregulation system, such as respiration ability of 
aquatic organisms, and can inhibit the penetration of light 
into the aquatic region. 

The H value in the upstream of Wampu watershed 
ranged about 7.2-8.3. The pH level of the upstream aquatic 
tends to be alkaline due to the low organic matter so that 
the organic decomposition rate becomes low. Thus, the 
dissolved oxygen is always higher, and CO2 is depressed 
causing the pH tends to be alkaline. In general, the 
observed pH was still in the standard quality. According to 
Odum and Barrett (2004), pH range of 6-9 is suitable for 
the life of fish and other aquatic biotas. The value of pH 
and dissolved oxygen is a parameter of water quality as an 
indicator of aquatic ecosystem health (Goudey 2003).   

Dissolved oxygen indicates the volume of oxygen 
contained in water. Oxygen can get into the aquatic through 
photosynthesis and diffusion from the air. The 
concentration of dissolved oxygen in upstream of Wampu 
ranged from 7.1-8.5 mg L-1. High level of dissolved oxygen 
was due to the strong flow velocity in this area. Flowing 
waters tend to have high dissolved oxygen content 
compared to stagnant waters since water movement allows 
oxygen diffusion from air to water to occur (Radwan et al. 
2003; Gordon 2004). This can be seen in Table 1, where 
sampling location with high flow showed a high DO value 
on each segment of data collection. Haryono (2004) 
explained that oxygen content of > 6 ppm, pH> 6, and the 
temperature range between 25C to 30C is a suitable water 
condition supporting the life of fish. 

Species wealth of nekton 
Freshwater shrimp found in the upstream of Wampu 

was five types. Giant shrimps (Macrobrachium equidens) 
were found to be most numerous as compared to other 
shrimp species. In the same year and the same location, 
only one type of shrimp was found, i.e., Macrobrachium 
(Muhtadi et al. 2017). Macrobrachium is a crustacean 
inhabitant of freshwater. The most common freshwater 
shrimp found in Indonesia are members of the family of 
Palaemonidae and Atyidae (Holthuis 1980; Chan 1998). 
The most common member of the Palaemonidae family in 
Indonesia is the genus Macrobrachium. Members of this 
genus can be found in flowing and stagnant aquatic waters, 
and the entire life cycle is in fresh water (Supriadi 2012). 
Taufik (2011) suggested that M. sintangense and M. 
lanchesteri have the most widespread distribution members 
of the genus Macrobrachium. M. lanchesteri species were 
widespread in Thailand, Malaysia, Myanmar, Singapore, 
Sumatra, Borneo, and Java; M. sintangense was widespread 
in Thailand, Sumatra, Java, and Borneo (Chong et al. 1988; 
Wowor et al. 2009); while M. empulipke spread in West 
Java and southern Sumatra (Wowor 2010). Gonawi (2009) 
found two types of shrimp in Cihideung watershed, Bogor, 
while Supriadi (2012) found three species of genus 
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Macrobrachium in the river that headed from Mount Salak, 
namely M. lanchesteri, M. sintangense, and M. empulipke. 
According Wowor et al. (2009) and Taufik (2011), 
freshwater prawns have an essential role in the ecological 
system in maintaining the balance of ecological systems in 
aquatic. One of them serves as a component of the food 
chain. The existence of various types of freshwater shrimp 
in a river can be used as an indicator of the quality of water 
and can improve the quality of the river water environment 
conditions (Trijoko et al. 2015). 

Fish from Cyprinidae family are dominant families 
found in this study as compared to other families (Table 2). 
Even, the fish from the Cyprinidae family reached up to 
86.41% in Berkail River, 75.42% in Bahorok River, and 
57.78% in Landak River. When explored further, the 
research locations were dominated by Tor fish which 
reached 51.67% (Bahorok River) and 65.76% (Berkail 
River ). Meanwhile, the Landak River was dominated by 
Wader and Siluang Fishes (80.77%). Cyprinidae is a family 
of freshwater fish that has the most species in the world, 
except in Australia, Madagascar, New Zealand and South 
America (Kottelat et al. 1993). Zakaria et al. (1994) stated 
that Cyprinidae is the largest freshwater fish group in 
Southeast Asia, and including in the inland water of 
Sumatra Island (Margasasmita 2002). Nguyen et al. (2006) 
confirmed that freshwater fish species in the Asian region 
are dominated by the Cyprinidae fish group (approximate 
1000 species), followed by the Loaches (Balitoridae and 
Cobitiidae) family group (approximately 400 species), 
Gobiidae (300 species), Bagridae (100 species), and 
Osphronemidae (85 species). Fish from the Bagridae and 
Siluridae group became the second largest after Cyprinidae 
(Table 2). There were three species found, i.e., Mystus 
nemurus, Mystus nigriceps and Leiocassis micropogon 
from Bagridae Family and Ompok bimaculatus, O. 
leiacanthus and Silurichthys hasseltii from the family of 
Siluridae. The Siluridae and Bagridae groups live in the 
bottom aquatic regions in rivers and lakes (Kottelat et al. 
1993). 

Results of previous research in several rivers in 
Sumatra Island revealed almost similar findings, for 
instance, in Bukit Tigapuluh Siberida, the aquatic organism 
found was the Cyprinidae family as the largest population 
followed by Catfish group (Bagridae, Clariidae, 
Pangasidae) (Siregar et al. 1993). In Enim River, South 
Sumatra, number of fish species found was 28 species of 
11 families, and the fish was dominated by Cyprinidae (14 
species), Cobiitidae (4 species) and Balitoridae (2 species) 
(Hamidah 2004). Muchlisin et al. (2009) reported that there 
were 114-711 fish species, with 69 genera, and 41 families 
found in Aceh aquatic region. Similarly, in Asahan River, 
North Sumatra, Cyprinidae (14 species), Balitoridae (three 
species) were found to be most diverse, followed by 
Clariidae family and Bagridae family (three species) 
(Simanjuntak 2012a) and 16 species of 10 genera and eight 
families in Sopokomil River, Dairi, North Sumatra 
(Simanjuntak 2012a). Sagala (2014) found Cyprinidae (six 
species), Bagridae (two species), Eleotridae (two species), 
Cichlidae (one species), Loricaridae (one species), 
Notopteridae (one species), Ariidae (one species) in 

Belumai River, North Sumatra. 
In a high flowing river condition, only four fish species 

were found, i.e., Jurung, Gemo, Rabit, and Cencen. There 
were 67 fish (15.80%) caught in the strong flow condition. 
The four types of fish are fast swimmers who love swifting 
water flow. Even, Jurung and Gemo fish (usually > 12 cm) 
are more common in very strong river currents (>2.5 m s-1) 
(Table 4). Medium-size Jurung fish were found in medium 
and low current flow. Kottelat et al. (1993) mentioned that 
fish group of Tor is the fish which likes strong currents 
with torpedo body shape. Other types of fish that inclined 
to like strong currents are Baung Kuning and Cencen fishes 
found in Landak River. Baung Kuning fish can survive in 
strong currents of big rocks while Cencen fish likes heavy 
currents with small rocks or gravel substrate. In moderate 
currents conditions, 17 species were found. Baung and 
Siluang fishes were mostly found in moderate current 
conditions. There were 221 (52.12%) fish caught during 
research in the moderate currents conditions. In the low 
current flow condition, as many as 136 (32.08%) fish was 
found from 20 fish species. Wader, Siluang, Mirik and 
Shrimp are fish species that prefer low currents on the river 
banks, or on rivers with gravel or sand substrates. Fishes 
were often found in the groove (very small rivers that boils 
down to the main river).  

There were ten fish species always found on all 
research in the rivers. Fish from Cyprinidae and Sisoridae 
families as well as Macrobrachium equidens family have a 
wide distribution in the upstream of Wampu. Furthermore, 
T. soro and T. tambroides were the fish species mostly 
found in large quantities, either in strong currents, medium 
or low currents depending on fish size (up to 86%). This 
indicates that upstream of Wampu River is suitable as 
habitat for Jurung fish (Tor). Simanjuntak (2012a) stated 
that this fish is the same as N. sumatranus fish who likes 
bright, rocky, shallow waters, high dissolved oxygen, and 
low turbidity. This condition gives an idea that the 
upstream of Asahan River is the primary habitat of Jurung 
fish. The results of Wahyuningsih et al. (2016) provide 
information that upstream of Wampu River is one of the 
fish habitats of Tor in Sumatra. Although Tor fish were 
mainly found in small sizes, this fact encourages the need 
for protection and conservation of Tor species. 

Nine types of fish and shrimps spread limitedly in 
specific river segments. Sidat, Selais, and Kuhlia 
marginata were found only in the Bahorok River. Based on 
information from local fishermen, Bahorok River is a 
habitat where Sidat fish is often found. Gabus, Mirik, 
Julung-julung and Doryichthys martensii fish as well as 
Caridina gracillirostris shrimp were found only in Landak 
River while Lemeduk fish was only found in the Berkail 
River in September, and was not found in other rivers. 

Temporally, Jurung fish was always caught in large 
quantities on each observation (27.74-62.45%). Sidat fish 
was only caught in the first observation (July). Even, 
research carried out a year earlier by Muhtadi et al. (2017) 
found no Sidat fish although, in the previous study, the 
authors found types of freshwater crabs in Landak River. In 
this study, the number of species found was higher (32 
species) than that discovered one year earlier (17 species). 
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In the previous year, Lemeduk fish was not caught in July 
and August but later was captured in September. This 
might have occurred due to the high water debit at the time 
of research so that Lemeduk fish went up to the upstream. 
The same thing happened in the second sampling where 
Cencen fish was found on Bahorok River where at that 
time, the water discharge increased (water was somewhat 
turbid), when in fact, Lemeduk and Cencen fish like strong 
currents with somewhat muddy waters.  

Differences in spatial distribution is shown, each 
research location provides different niches (habitats and 
foods) so that species composition is different; while 
differences in species composition are temporally more 
affected by changes in water quality such as increased 
turbidity and water mass debit (Simanjuntak 2012a). Thus, 
the composition of species found were spatially and 
temporally different, especially in Landak River that was 
quite different from other two rivers. Some researchers 
pointed out that spatial distribution of species richness is 
related to habitat differences and the presence of 
microhabitat, substrate composition and depth of waters 
(Gordon et al. 2004), diversion of water masses for 
irrigation/hydroelectricity and destruction of vegetation 
around the river (Adams et al. 2004; Simanjuntak 2012a). 
Meanwhile, fish distribution is temporally more affected by 
changes of water quality for example temperature, pH, 
dissolved oxygen, turbidity, water discharge (Jenkins et al. 
2011; Li et al. 2012), and spawning migration to the river 
upstream (Rodriguez et al. 1992). Especially for Tor fish, 
Wahyuningsih et al. (2016) found the genetic variation of 
fish and morphology of Tor fish along with different fish 
habitat Tor. 

Diversity, evenness, dominance of fish at wampu watershed 
The most dominant fish was Tor. This fish is a fish 

family of Cyprinidae that likes deep, fast flowing, and clear 
river current (Simanjuntak 2012a; Wahyuningsih et al. 
2016), which is different from that found by Simanjuntak 
(2012a) in Asahan River where the D value was about 0.21 
to 1 because the sampling site was upstream in the main 
and the minor river. Dominance index was close to 1 if a 
particular species dominate the community and if the 
dominance index is close to 0, there are no dominant 
species (Odum and Barrett 2004).  

Based on the three indexes, Bahorok River is better 
than Berkail River. This finding is related to the previous 
discussion that microhabitat of Bahorok River is more 
varied than Berkail and Landak Rivers. Thus, there is a 
chance for fish that do not like strong flow (especially 
Bahorok River) to live on low flowing river, which is less 
available on Berkail River segment. Therefore, the Berkail 
River was more dominated by Jurung and Baung fishes that 
can survive and like low-fast/strong flowing river. 
Diversity and evenness are directly proportional to 
environmental conditions. One of the things that cause 
higher diversity in Bahorok River was the condition of the 
river that was still good, and the river flow conditions were 
favored by big and small fish types. Big fish was found in 
high currents parts, while small-sized fish in low currents 

was mainly found in grooves along Bahorok River. This 
can be seen from index of diversity and evenness fish at 
low current conditions (2.48) that were higher than those of 
the moderate currents (2.3) and high currents (1.04). At low 
flows, the dominance index was very low (0.11) as 
compared to that of the high currents (0.43).  

 Fish diversity in upstream of Wampu was higher than 
nekton diversity of other rivers in Indonesia. The results of 
Gonawi (2009) showed that diversity index (H') in 
Cihideung River in each station was about 1.2-2.3. 
Djumanto et al. (2011) determined the fish diversity in the 
upstream of Opak River, Yogyakarta of about 1.4-1.9. 
Haryono (2004) obtained the fish diversity of a river in 
Muller Mountain, Central Kalimantan that ranged between 
0.80-2.17. Simanjuntak (2012a) also found a low diversity 
of fish in upstream Asahan River of 0-1.75. These suggest 
that although many species are found in a habitat, it does 
not mean that the index of diversity is high because there is 
a factor of the proportion of each species that affect the 
index of biodiversity (Odum and Barrett 2004).  

Temporally, the highest diversity of fish occurred in 
July as compared to other months. Diversity index (H') in 
July was 2.62 while that in August was 2.32, and that in 
September went down to 1.76. This indicates that in the dry 
season (July), the conditions of the river flow and discharge 
are lower than that in the rainy season (September). 
Normally, fishes are distributed on each river segment as 
well as currents segment. While entering the rainy season 
with massive discharges, small fish tends to search the 
bottom of the river to avoid heavy currents. Meanwhile, 
fish that likes strong currents will be more in the main 
river. Besides, the fishes found in downstream (Wampu 
River) will go to the upstream for spawning and feeding. 
Simanjuntak (2012a) found that fish caught in the rainy 
season in upstream of Asahan River was dominated by fish 
entering the mature level of gonads. Higgins (2009) stated 
that flow velocity, habitat availability, and temperature 
affected the functional structure of fish communities; while 
substrate structure and river width affected the taxonomic 
composition of fish (Simanjuntak 2012a).  

To conclude, the highest number of nekton species 
found in the study sites was Cyprinidae family, and the 
lowest was Anguilidae, Channidae, Hemirhampidae, 
Kuhlidae and Syngnathidae families. The richest fish 
species was found in Landak River, and the poorest was in 
Berkail River, while the highest number of fish was found 
in Bahorok River, and at the lowest number was in Landak 
River. Based on the river currents, the highest fish total 
counts were found in the medium currents and the lowest 
were in the strong currents. The highest diversity index and 
evenness index was found in Bahorok River, and the lowest 
was in Berkail River. The highest dominance index was 
found in Bahorok River, and the lowest was in Landak 
River where Tor was the most dominant fish. The highest 
diversity and evenness index was found at low currents, 
and the lowest was in strong currents. The highest 
dominance was at low currents, and the lowest was at 
strong currents. The highest fish diversity occurred in July, 
and the lowest did occur in September.  
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Abstract. Christine G, Budiarti S, Astuti RI. 2018. Diversity of urinary tract infection bacteria in children in Indonesia based on 
metagenomic approach. Biodiversitas 19: 1375-1381. Urinary tract infection (UTI) is a common bacterial infection in childhood in both 
males and females. The infection is usually caused by bacterial invasion of the urinary tract including the lower and the upper urinary 
tract. In Indonesia, to the best our knowledge, the diversity of urinary tract infection bacteria has not been reported yet. Therefore, the 
aims of this study were to identify the diversity of both culturable and unculturable bacteria in children diagnosed with UTI. In this 
study, urine samples were obtained from different age groups ranging 6-17 years. Analysis of 16S rRNA gene sequence showed eight 
culturable isolates (SBU1, SBU2, SBU3, SBU4, SBU5, SBU6, SBU7, SBU8) are closely related to Escherichia coli, Klebsiella pneumoniae, 
Enterobacter aerogenes, Citrobacter sp. and Acinetobacter sp. with maximum identity up to 98-99%. Diversity of unculturable bacteria 
community based on 16S rRNA gene was represented by 9 DGGE (Denaturing Gradient Gel Electrophoresis) bands. The nine 
respective bands showed the similarity ranging from 84 up to 96% with Klebsiella sp, Escherichia sp., Lactococcus lactic, Shigella 
flexneri and uncultured bacterium. Based on phylogenetic analysis, all culturable isolates belong to phylum Proteobacteria, which is 
dominated by family of Enterobacteriaceae. Interestingly, by using metagenomic approach, it is observed that bacteria belong to phylum 
Firmicutes were found in the UTI-diagnosed patients, in addition to those bacterial isolates from phylum Proteobacteria. To our 
knowledge, this is the first study to report the occurrence of Firmicutes and Proteobacteria in UTI-diagnosed patients in Indonesia.  

Keywords: Bacteria, DGGE, UTI, urine, 16S rRNA  

INTRODUCTION  

Urinary Tract Infection (UTI) is an infection of the 
urinary tract caused by invasion of pathogenic 
microorganisms (Mireles et al. 2015). This diseases is one 
of the important causes of morbidity and mortality in 
children, and crowned as the second infectious disease 
which often attacks children after upper respiratory tract 
infection (Najar et al. 2009). The prevalence of UTI 
occurrence has different presentations for both men and 
women. Based on research conducted by Hidayah et al. 
(2011), in Indonesia, from 200 children aged 1-10 years 
who were evaluated suffering from UTI there were about 
33% men and 67% women. The main cause of UTI is 
mainly due to contamination of the urinary tract by normal 
perineal flora (rectum). In addition, factors that trigger 
infection also caused by abnormalities in the urinary tract 
(Minardi et al. 2011). According to World Health 
Organization (WHO 2011), bacteria as the main cause of 
UTI in children are derived from Enterobacteriaceae group. 
This group of bacteria is generally a normal microbiota in 
human, especially in the gastrointestinal tract, but under 
certain circumstances, these bacteria can be pathogenic and 
cause infectious diseases including UTI (Giske et al. 2011). 
Some species of this group have the ability to enter the 
bladder, and form biofilms that are resistant to the immune 
response (Salvatore et al. 2011).  

The early prevention approach to UTI disease is by 
maintaining sanitation or personal hygiene and antibiotic 

therapy. However, the use of irrational antibiotics would 
contribute to antibiotics resistance leading to the more 
severe infection-mediated bacteria. Another solution to 
prevent UTI is by vaccinations. Vaccination is an act of 
vaccine (antigen) that stimulates the formation of immunity 
(antibodies) of the immune system. However, to date, the 
development of vaccines to prevent UTI is limited. One of 
the obstacles is the microbial community profile that may 
involve in UTI infections is not revealed comprehensively. 
Moreover, the fact that 99% of these bacteria cannot be 
cultured under laboratory conditions (Kimura 2006), while 
only 1% of them can be cultured, making it more difficult 
to develop the target of action of that UTI-vaccines. In 
Indonesia, the diversity of UTI bacteria has not been 
reported yet, thus studies diversity of both culturable and 
uncultured bacteria in UTI patients need to be conducted. 
This study aimed to analyze the diversity and abundance of 
culturable and unculturable bacteria in the urinary tract of 
the UTI patients. To have better understanding of the 
microbial community of both culturable and unculturable 
bacteria, we applied two different approaches, i.e., 
cultivated-based techniques for culturable bacteria, and 
metagenomic approach through Polymerase Chain 
Reaction-Denaturing Gradient Gel Electrophoresis (PCR-
DGGE) based on the 16S gene rRNA for unculturable 
bacteria. This study may use to develop strategy for 
vaccine development in preventing UTI disease in 
Indonesia.  
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MATERIALS AND METHODS  

Sample collection 
Thirteen urine samples of children (10 samples of UTI-

diagnosed and 3 non-UTI as control samples) from 
different age groups ranging 6-17 years (Table 1), were 
collected from pediatric ward of Indonesia Red Cross 
Hospital, Bogor, West Java. Urine samples were 
transported to the Laboratory of Microbiology, Department 
of Biology, Bogor Agricultural University. Urine samples 
were kept in sterile container and held at 4-8ºC then 
processed within 24 hours after collection. 

Isolation and characterization of cultured bacteria 

Cultured bacteria were isolated by serial dilution and 
spread plate techniques. About 1 mL urine sample was 
serially diluted to final dilution of 10-3 by using 0.85% 
NaCl solution. About 0.1 mL suspension from each 
dilution was spread on to Nutrient Agar (NA) and Eosin 
Methylene Blue Agar (EMBA) medium and incubated at 
37°C for 24-48 hours. Colonies that showed distinct 
morphological appearances were subsequently purified. 
Pure cultures were then subjected to various morphological 
and biochemical characterization tests to determine the 
identity of the bacteria isolates. Morphological test 
performed was Gram staining, while biochemical tests used 
in the identification of microorganisms were IMViC 
(Indole Methyl red Voges-Proskauer Citrate) and 
hemolysis tests.  

DNA extraction and quantification 
Bacteria cultures were enriched in Luria Broth medium 

at 37ºC for 24 hours and genomic DNA was extracted 
using PrestoTM Mini gDNA Bacteria Kit (Geneaid, Shijr, 
TPE, TW). On the other hand, metagenome of 13 urine 
samples was prepared by using GeneiusTM Micro gDNA 
Extraction Kit (Geneaid, Shijr, TPE, TW). Total 
concentration of DNA genome was quantified by using 
NanoDrop 2000 spectrophotometer (Thermo Scientific, 
Wilmington, USA). 

PCR amplification of 16S rRNA gene 
The genomic DNA of each selected bacterial isolates 

was amplified using PCR T1-thermocycler (Biometra, 
Goettingen, Germany) apparatus. Primer used to amplify 
16S-rRNA gene were 63F (5’-CAGGCCTAACACATG 
CAAGTC-3’) and 1387R (5’-GGG CGGWGTGTACAA 
GGC-3’) (Marchesi et al. 1998). PCR amplification was 
performed in the total volume of 25 µL, each containing 
12.5 µL GoTaq Green Master Mix 2x (Promega, Madison, 
WI, USA), 2.5 µL 63F and 1387R (10 pmol of each 
primer), ⁓100 ng of DNA template and 9 µL nuclease-free 
water. The PCR conditions were as follows: initial 
denaturation for 5 min at 94ºC and 35 cycles consisting of 
denaturation at 94ºC for 45 sec, annealing at 55ºC for 45 
sec, 72ºC extension step for 1 min with post extension step 
at 72ºC for 7 min. The presence of DNA target band of 
expected size (1300 bp) was confirmed by 1% agarose gel 
electrophoresis. 

Prior DGGE analysis, metagenome-derived urine 
samples were used as template from 16S-rRNA gene 
amplification by using primer pair of P338F-GC (5’-
CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCAC
GGGGGGACTCCTACGGGAGGCAGCAG-3’) and 
P518R (5’-ATTACCGCGGCTGCTGG-3’) (Overeas et.al 
1997). Primer was set to fragment size of ±180 bp. The 
amplification was carried out using initial denaturing step 
of 5 minutes at 94oC, followed by 35 cycles of 1 minute 
denaturing step at 94oC, 30 seconds annealing at 55oC, and 
30 seconds extension at 72oC, terminated by 3 minutes 
final extension at 72oC. 

DGGE analysis of the 16S rRNA gene 
DGGE analysis was carried out using D-Code 

Universal Mutation Detection System (Bio-Rad, Hercules 
CA, US). As much as 25 µL (20 µL DNA + 5 µL Loading 
dye) PCR product was loaded in to vertical gel containing 
8% (w/v) polyacrylamide gel (acrylamide-bis-acrylamide, 
37:5:1). The denaturant gradient concentrations used were 
30% and 70% (100% denaturant corresponded to 7 M urea 
and 40% (v/v) deionized formamide). The electrophoresis 

 
 
 
Table 1. Biochemical characteristics of urine from health and UTI-diagnosed children 
 

Sample  
Age 

(years) 
Gender 
(F/M) 

Characteristics* 
Status LEU 

(leu/µL) 
NIT 

URO 
(µmol/L) 

PRO (g/L) pH 
KET 

(mmol/L) 
SG 

BIL 
(µmol/L) 

U1 6 F 70+ - 0.2(3.5) 30(0.3)+ 5.0 160(16) ++++ 1.030 - Disease 
U2 6 M 70+ - 0.2(3.5) 15(0.15)± 6.0 160(16) ++++ 1.020 1(17)+ Disease 
K1 6 M - - 0.2(3.5) - 6.5 5(0.5)± 1.000 - Health 
U3 12 M 70+ - 0.2(3.5) 30(0.3)+ 6.5 160(16) ++++ 1.030 - Disease 
U4 10 M 70+ - 0.2(3.5) - 7.5 - 1.005 - Disease 
U5 9 M 70+ - 0.2(3.5) 15(0.15)± 6.5 160(16) ++++ 1.020 - Disease 
K2 10 M - - 0.2(3.5) - 7.5 - 1.000 1(17)+ Health 
U6 14 F 70+ - 0.2(3.5) 15(0.15)± 5.0 160(16) ++++ 1.030 - Disease 
U7 17 F 15± - 0.2(3.5) 300(3.0) +++ 5.0 - 1.000 1(17)+ Disease 
U8 17 M 70+ - 0.2(3.5) 15(0.15)± 6.0 160(16) ++++ 1.015 - Disease 
U9 15 F 15± - 0.2(3.5) 100(1.0) ++ 7.0 - 1.000 1(17)+ Disease 
U10 15 M 15± - 0.2(3.5) - 8.0 160(16) ++++ 1.000 - Disease 
K3 15 F - - 0.2(3.5) - 7.0 - 1.000 1(17)+ Health 

*Notes : LEU : leukocytes; NIT : Nitrite; URO: Urobilinogen; PRO: Protein, KET: Ketone, SG: Specific Gravity, BIL: Bilirubin 
 



CHRISTINE et al. – Diversity of urinary tract infection bacteria 

 

1377

 

process was carried out at a constant voltage of 150 V, 
60ºC for 6 h in 1x TAE buffer (Tris-acetate-EDTA). After 
electrophoresis, the gel was stained by 0.1% Ethidium 
Bromide (EtBr) for 15 min, followed by rinsing with 300 
mL of 1× TAE buffer before observing the band in G: 
BOX Gel Documentation (Syngene, Frederick, MD, US). 
DGGE bands were analyzed using CLIQS 1D software 
(Total Lab) to estimate the DNA total and volume band 
appeared on polyacrylamide gel. Clustering analysis was 
conducted based on CLIQS 1D analysis result. Each 
DGGE bands were excised using sterile scalpel and stored 
in microtube containing 100 µL nuclease-free water. The 
products of DGGE were incubated at 4ºC overnight. Each 
supernatant was used as the template for re-PCR process 
with the primers P338F (without GC-clamp) and P518R. 
The re-PCR condition was the same as previous PCR 
condition 

16S rRNA gene sequencing for culturable and 
unculturable bacteria, bioinformatics analysis and 
phylogenetic tree construction 

The PCR products of the 16S-rRNA gene of each 
genomic and metagenomic DNA were sequenced in a 
commercial company (First Base Co.). The sequencing of 
16S rRNA gene was analyzed using Seqtrace 0.90 for both 
assembling and trimming process. Homology analysis was 
done by Basic Local Alignment Sequence Tools for 
Nucleotide (BLASTN) approach. Phylogenetic tree was 
constructed by using the neighbor-joining method with 
bootstrap replication of 2000× in MEGA 6.0 (Molecular 
Evolutionary Genetics Analysis 6.0) software (Tamura et 
al. 2013). 

Statistical analysis of the DGGE profile was conducted 
by using software Paleontological Statistics (PAST3) 
(Hammer et al. 2001). Gel image of DGGE-band pattern 
was analyzed by using software CLIQS 1D. Clustering 
analysis was done by using binary data profile of the 
respective band pattern. Dendrogram was then constructed 
by using software UPGMA MEGA 7.0 .  

Ethical considerations 
The research protocol was approved by the Ethics 

Committee of the Faculty of Medicine, Universitas 
Indonesia, Jakarta (No.16-10-298). 

 

RESULTS AND DISCUSSION 

The diversity of urinary tract infection bacteria based 
on 16S rRNA gene 

A total of 8 bacteria isolates were successfully isolated 
by using EMB Agar medium from 10 urine sample of UTI-
diagnosed children treated at Indonesia Red Cross Hospital. 
The color of the isolates was varied within each isolate. 
Such distinct characters were also found in IMViC and 
hemolysis test (Table 2). Most of the isolates were Gram-
negative which mostly showed α-hemolysin activity. 
Almost entire isolates showed negative results for indole 
test, except for SBU1, SBU2, and SBU4. Voges-Proskauer 

test only showed positive results for isolate SBU3 and 
SBU5. Methyl red test showed that 5 isolates showed 
positive results, and SBU3, SBU5, and SBU7 that show 
negative result. Meanwhile, Citrate test showed that only 
isolates SBU6 and SBU8 showed positive results.  

The 16S rRNA genes from the genomic DNA of eight 
isolates were successfully amplified using 63F and 1387R 
primers (Figure 1). NCBI BLAST results of the cultured 
bacteria isolates SBU1, SBU2, SBU4 showed 98% with 
Escherichia coli strain CI5, Escherichia coli strain 275, 
Escherichia coli strain ST540 while SBU3 was 99% 
similar to Acinetobacter calcoaceticus strain NCTC7364, 
SBU5 was 98% similar to Enterobacter cloacae strain 
VRBG-62, SBU06 was 99% similar to Citrobacter braakii 
strain FDAARGOS 253, SBU7 was 97% similar to 
Enterobacter asburiae strain ATCC 35953 while SBU8 
was 98% similarity to Klebsiella pneumoniae strain U25 
(Table 3). Results from a phylogenetic analysis indicated 
that seven isolates belong to a cluster of the family 
Enterobacteriaceae and only 1 isolated belong to family of 
Moraxellaceae (Figure 2). 
 
The diversity of bacteria based on metagenomic 16S 
rRNA-targeted PCR-DGGE analysis 

The DGGE analysis of total bacterial community 
showed 16 different bands from 13 urine samples (Figure 
3.A), According to DGGE 16S rRNA gene profile, total 
bacteria in urine of children with urinary tract infections 
were varied (Figure 3.A). However, only 9 bands were 
excised for further analysis. BLAST N analyses revealed 
that 9 bands were closely related with unculturable bacteria 
within 84%-96% of maximum identity (Table 4). However, 
there were 4 DGGE bands which were closely 
Lactobacillus lactis (Band 1), Escherichia sp. (Band 3), 
Klebsiella sp. (Band 4), and Shigella flexneri (Band 9). The 
phylogenetic tree showed that 9 bands were separated in to 
2 clusters (Figure 4), band 1, 2, and 7 were cluster together 
(Cluster 1) and were closely related with Lactobacillus and 
Unculturable Bacterium. Other bands (band 3,5,6,8,9) 
formed a group (Cluster 2) that were closely related with 
Escherichia, Klebsiella, Unculturable bacterium and 
Shigella. Both cluster I and cluster II were separated from 
the outgroup (Pyrolobus fumarii). Clustering analysis was 
performed to assess genetic relatedness among the samples  
 
 
 

 
 
Figure 1. Photograph of PCR amplification products (amplicon) 
of 16S rRNA (1300 bp) using primer 63 and 1387R visualized on 
1.5% agarose gel. Lanes from left to right: 100 bp marker (M), 
SBU1 (1), SBU2 (2), SBU3 (3), SBU4 (4), SBU5 (5), SBU6 (6), 
SBU7 (7), and SBU8 (8) 

 

M       1       2       3        4       5       6       7       8 
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Table 2. The biochemical properties and characteristic of the isolates obtained from urine 
 

Isolates Color of colony  Shape Gram 
IMVIC Test 

Hemolysin test 
MR VP Indole Citrate 

SBU1 Green Metalic Sheen Short Bacilli - + - + - α-hemolysin 
SBU2 Green Metalic Sheen Short Bacilli - + - + - α-hemolysin 
SBU3 Dark purple Coccobacilli - - + - - α-hemolysin 
SBU4 Green Metalic Sheen Short Bacilli - + - + - β-hemolysin 
SBU5 Center dark purple dot Short Bacilli - - + - - β-hemolysin 
SBU6 Red pale Coccobacilli - + - - + α-hemolysin 
SBU7 Center dark purple dot Bacilli - - - - - Ɣ-hemolysin 
SBU8 Pink Bacilli - + - - + Ɣ-hemolysin 

 
 
 
 
 
Table 3. Results of BLAST analysis of the cultured bacteria based on 16S rRNA sequences 
 

Isolates Description Query cover E-Value Identity Accesion number 

SBU1 Esherichia coli strain CI5 100% 0.0 98% CP011018.1 
SBU2 Escherichia coli strain 275 100% 0.0 98% KX774265.1 
SBU3 Acinetobacter calcoaceticus strain NCTC7364 99% 0.0 99% LT605059.1 
SBU4 Escherichia coli strain ST540 100% 0.0 98% CP007391.1 
SBU5 Enterobacter cloacae strain VRBG-62 100% 0.0 98% KR265455.1 
SBU6 Citrobacter braakii strain FDAARGOS 253 100% 0.0 99% NR028894.1 
SBU7 Enterobacter asburiae strain ATCC 35953 100% 0.0 98% CP011863.1 
SBU8 Klebsiella pneumoniae strain U25 100% 0.0 98% CP013711.1 

 
 
 
 
 

 
 
Figure 2. Phylogenetic tree of isolates bacteria from children urine diagnosed-UTI based on 16S rRNA genes sequences comparison. 
The tree was constructed from the isolated 16S rRNA bacterial sequences with their respective reference sequences from GenBank. This 
tree was analyzed by the neighbor-joining method in MEGA7 using p-distance. Chromobacterium violaceum was used as an out-group. 
Numbers at the nodes indicate the percentages of branch support of 2,000 bootstrap replicates. Bar 0.02 indicates nucleotides 
substitution per site 
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based on the banding pattern from DGGE profiles. 
Interestingly, community of bacteria within urine samples 
shares relatively similar diversity. In instance, urine 8, 9, 
and 10 were in one cluster, which means that the bacterial 
diversity holds high similarity. Likewise, urine 2-urine 3 
and urine 4-urine 6 inhabited the same cluster (Figure 3.B). 
Another interesting observation was that diversity was 
present from urine sample with similar characteristic, i.e., 
urine 5 and 3 were found to be more different from each 
other. Similarly, urine 1 and urine 2 samples were also in a 
separate cluster.   

Discussion 
The diversity of urinary tract infection bacteria based on 
16S rRNA gene 

UTI is the second most common site of bacterial 
infections in humans. Studies revealed that the causing 
bacterial agent of UTI infections belongs to the 
Enterobacteriaceae group (Prakash and Saxena 2013; 
Tarsali et al. 2013). This group of bacteria is known as one  

of human microbiome. The results of our study showed all 
isolates were Gram-negative bacteria, this was in 
accordance with the results of Dimitrov et al. (2004) and 
Abubakar (2009). The isolates had varied in hemolysis test 
and biochemical properties (Table 1) but morphologically 
similar based on biochemical characters. Most of the 
isolate showed common characteristics of the 
Enterobacteriaceae group Based on biochemical properties.  

Molecular characterization using 16S rRNA sequences 
was indicated that seven isolates were included within 
Enterobacteriaceae and one isolate was within 
Moraxellaceae. Chaudhary and Murthy (2013) had 
reported that Enterobacteriaceae include species of E. coli, 
K. pneumoniae, C. braakii, E. cloaceae and E. Asburiae 
were the causal agents of UTI both in adult and children. 
We also obtained culturable Acinetobacter from the family 
of Moraxelaceae from the urine samples that were also 
found in the previous study by Sanjeev et al. (2013). Most 
of the bacteria observed in this study are expected as 
pathogenic organisms that cause urinary tract infection.  

 
 
 
 

 
 

 

A B 
 
Figure 3. A. DGGE illustration by CLIQS 1D Software. 1-16 bands were excised for further analysis. B. Dendrogram of clustering 
analysis of urinary tract infection bacteria, based on 16S rRNA gene. The scale below the dendrogram represents the evolutionary 
distance value. The numbers at each node are the bootstrap value of 1000 replicates.   
 
 
 
   
Table 4. Percentage of sequence similarity of 16S rRNA bacteria metagenome from urine of UTI-diagnosed children samples 
 

Band Description Query cover E-value Identity No. accession  

1 Lactococcus lactic subsp. Lactic strain CAU6764 86% 2e-59 94% MF582669.1 
2 Uncultured bacilli bacterium clone MS130A1A10 94% 1e-35 88% EF699317.1 
3 Escherichia sp. SP-3.0 68% 1e-52 95% KX390660.1 
4 Klebsiella sp. IPRI7 92% 1e-26 84% KF478220.1 
5 Uncultured bacterium clone nbw761c09c1 99% 5e-41 95% GQ014562.1 
6 Uncultured bacterium clone F1Q32TO03C8FJ3 54% 2e-09 95% GU746413.1 
7 Uncultured bacterium clone ncd2303f07c1 92% 1e-32 84% JF197795.1 
8 Uncultured bacterium clone F5K2Q4C04I7QT3 58% 3e-18 85% GU912114.1 
9 Shigella flexneri strain RSHD96 65% 5e-46 96% MF326636.1 
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Figure 4 Phylogenetic tree of unculturable bacteria from children urine diagnosed-UTI based on 16S rRNA sequences. The tree was 
constructed from the isolated 16S rRNA bacterial sequences with their respective reference sequences from GeneBank. This tree was 
analyzed by the neighbor-joining method in MEGA7 using Tamura3-Parameter. Pyrolobus fumarii was used as an out-group. Numbers 
at the nodes indicate the percentages of branch support of 2,000 bootstrap replicates. Bar 0.02 indicates nucleotides substitution per site 
 
 
 

We also observed the presence of bacteria in the urine 
of non-UTI samples, such as Staphylococcus epidermidis. 
Meanwhile, Enterobacteriaceae group such as E.coli that is 
a common cause of UTI was not detected in our study. 
Staphylococcus epidermidis is a mostly found as human 
skin microbiota but usually not regarded as the causative 
agent of UTI in children with no pre-existing conditions. 
Hagler and Dobkin (1990) stated that this organism was 
commonly associated with UTI's patient of indwelling 
urinary catheters and other instrumentation in the urinary 
tract. Staphylococcus epidermidis is considered as a 
contaminant when it is grown in healthy urine sample. 

The diversity of bacteria based on metagenomic 16S rRNA-
targeted PCR-DGGE analysis 

The bacterial communities of 13 urine samples were 
analyzed by PCR-DGGE method. The presence of the 
DGGE band is used to describe the shape of community 
structure, diversity, and relatedness among the samples 
(Han et al. 2014). The results of our findings suggested that 
all urine samples diagnosed-UTI have different diversity 
compared to those of the non-UTI samples. Urine sample 3 
(urine of diagnosed-UTI) showed as the highest bacterial 
diversity than the other urine samples. Such condition may 
likely facilitate the colonization of bacteria in the vaginal 
wall, rectum, urethra and move up into the ureter and 
bladder (Fouts et al. 2012). Population and microbial 
diversity can be affected by several factors such as gender, 
urine characteristic, and severity of illness suffered (Flores-
Mireles et al. 2015).  

Metagenomic analysis showed that urine sample is 
mostly colonized by bacteria identified as uncultured 

bacteria. Three bands were identified as Proteobacteria and 
the other one band was Firmicutes. The occurrence of these 
bacterial phyla has also been reported previously in various 
studies by using either culture-dependent methods (Liu et 
al. 2017). In our study, we observed bacterial isolates 
belong to Gammaproteobacteria, these included Shigella 
flexneri, Klebsiella sp., and Escherichia sp. Those bacterial 
isolates were found as members of the normal intestinal 
microbiota of humans and animals, and were reported to 
cause infection including urinary tract infection (Dhingra 
2008; Nielseen et al. 2014). Firmicutes bacteria found in 
this study was Lactococcus lactis, that was commonly used 
in manufacturing dairy products and rarely considered as 
pathogenic in humans. However, these species cause 
significant clinical infections in immuno-compromised 
patients (Newby 2014). Some studies (Glikman et al. 2010; 
Topcu et al. 2011; Uchida et al. 2011) have reported that 
Lactococcus infected cases included brain abscess, 
catheter-related bacteremia, meningitis and septicemia, 
especially in children.  

This is the first study to reveal the microbial diversity 
of bacteria in urine sample of UTI-diagnosed children in 
Indonesia. Most of the isolated bacteria were considered as 
pathogen, based on hemolysis assay. The diversity of 
bacteria comprises both cultured and uncultured bacteria. 
The combined culture and DGGE approaches provide an 
informative appraisal of the urinary tract infection bacteria 
diversity. According to phylogenetic analysis of culturable 
bacteria with 16S rRNA genes, that most of them are 
Enterobacteriaceae group, only one was closely related to 
Moraxellaceae group, however, all isolate identified as a 
group of Proteobacteria. In addition phylogenetic analysis 
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of DGGE based on 16S rRNA genes showed that most of 
them are uncultured bacteria, only four were identified as a 
group of Proteobacteria and Firmicutes. 
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Abstract. Md-Zain BM, Abdul-Mutalib SA, Aifat NR, Masstor NH, Mohd-Yusof NS, Mohd-Hashim A, Abdul-Latiff MAB, Yaakop S, 
Samat A. 2018. Molecular phylogenetic inference of White-Spotted Guitarfish (Rhynchobatus australiae) collected from local Malaysian 
fish markets. Biodiversitas 19: 1382-1386. The white-spotted guitarfish (Rhynchobatus australiae) is in high demand at local Malaysian 
fish markets because its fins are a valuable food source. To date, few molecular studies have characterized their genetic identity. We 
have conducted a molecular study to infer the phylogenetic relationships of white-spotted guitarfish, which portray a similar 
morphology to sharks and rays. The main objective of this study was to determine the phylogenetic position of R. australiae using 
cytochrome oxidase I (COI) sequences of mitochondrial DNA based on fish samples collected from local Malaysian fish markets. This 
study included nine genetic samples of R. australiae and fourteen samples from other members of the shark and ray families, including 
Sphyrna lewini (Sphyrnidae), Rhizoprionodon oligolinx and Carcharhinus sorrah (Carcharhinidae), Dasyatis zugei, Himantura walga, 
Himantura gerradi, Himantura jenkinsii and Neotrygon kuhlii (Dasyatidae). Chimaera fulva, a member of the Chimaera family, was 
used as the outgroup. Sequences in size of ~701 base pairs were successfully obtained from all fish samples. The phylogenetic tree 
topology was reconstructed using distance-based (neighbor-joining) and character-based (maximum parsimony) methods using MEGA 
and PAUP software. Results indicated that R. australiae formed monophyletic clade and is closely related to sharks (Sphyrnidae and 
Carcharhinidae). This conclusion was also supported by genetic distance analysis which indicated that Rhynchobatidae and sharks 
(Carcharhinidae and Sphyrnidae) were closer to each other than to rays (Dasyatidae). This study has proven the efficiency of the COI 
mitochondrial locus in revealing the phylogenetic position of R. australiae. Research findings from this study have increased our 
understanding of the phylogenetic relationships among guitarfish, sharks, and rays, and their respective taxonomic positions are given 
their shared morphological characters. This will benefit us in identifying these fish species before consumption from local fish markets. 
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INTRODUCTION 

The white-spotted guitarfish (Rhynchobatus australiae), 
also known as the bottlenose wedgefish or white-spotted 
wedgefish, is found in the western Pacific area including 
Indonesia, Thailand, the Philippines, and Australia 
(Compagno and Last 2010). In Malaysia, white-spotted 
guitarfish are commonly found in Sabah and Sarawak in 
Borneo (White and McAuley 2003; Giles et al. 2016) while 
its presence in the Malaysian Peninsula has not been 
scientifically proven. Rhynchobatus australiae is frequently 
captured in artisanal and commercial fisheries either as a 
target species or as bycatch (White and McAuley 2003). 
This fish is highly desired because its dorsal fin and tail 
have a high value in the global shark fin trade (Giles et al. 
2016). In Asia, white-spotted guitarfish meat is considered 
tasty, and their fins are extremely valuable, especially in 
the Chinese fin trade (Wong et al. 2009; Last et al. 2010; 
Dulvy et al. 2014). In South Africa and Australia, guitarfish 
are hunted as a game due to their large size (Compagno and 

Last 2010). The IUCN has categorized white-spotted 
guitarfish as vulnerable in the IUCN Red List due to their 
declining population size, their high catch rate, and their 
exploitation throughout Southeast Asia (Compagno and 
Last 2010; Last et al. 2010; Giles et al. 2016). 

In the past, white-spotted guitarfish have been referred 
to as Rhynchobatus djiddensis (Compagno and Last 1999). 
Rhynchobatus djiddensis is found in the Western Indian 
Ocean from the Eastern Cape Province, South Africa, to 
the Red Sea. The white-spotted guitarfish is also confused 
with the smoothnose wedgefish, Rhynchobatus laevis, 
which also occurs in Australia (Compagno 1999). Although 
R. australiae can be distinguished from other species in the 
genus based on vertebral centra morphological 
characteristics, the lack of external diagnostic features 
makes species classification more difficult (Compagno and 
Last 2010; Giles et al. 2016). Furthermore, genetic 
identification based on R. australiae tissue samples is often 
difficult due to a lack of correct species reference DNA 
sequences in Genbank (Giles et al. 2016). To date, 
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phylogenetic studies on R. australiae are still limited, and 
few studies clarify the phylogenetic relationships of this 
species regarding morphology or genetics. In addition, the 
white-spotted guitarfish is thought to be one of the ray 
species that resemble sharks (Figure 1; Giles et al. 2016). 

Much previous research has portrayed relationships 
between the ray (Batoidea) and sharks (Maisey, 2012). 
Several hypotheses have been proposed based on 
morphological data as well as on molecular findings (Shirai 
1992, 1996; Winchell et al. 2004). There are many 
hypotheses about systematic relationships between sharks 
and rays (Pavan-Kumar et al. 2014). The similarity of 
overall body morphology requires expertise, primarily in 
the taxonomic identification of rays (Coulson et al. 2011). 
Molecular systematic approaches are now commonly used 
to identify and validate species relationships and avoid the 
weakness of complex identification keys based on 
morphological characters (Wong et al. 2009). This has been 
especially true of the members of the Rhinidae family to 
which the white-spotted guitarfish belongs. Thus our main 
objective was to clarify the phylogenetic position of R. 
australiae toward rays and sharks based on DNA 
sequences from the mitochondrial cytochrome oxidase 1 
(COI) gene. All samples were collected from local 
Malaysian fish markets. Mitochondrial DNA sequences 
have many advantages in molecular research for species 
identification and relationships (Ang et al. 2011; Abdul-
Latiff et al. 2017) and have proven successful in 
differentiating species of fish from local markets 
(Rasmussen and Morrissey 2008; Md-Zain et al. 2018). 

MATERIALS AND METHODS 

Sample collection, DNA extraction, and polymerase 
chain reaction (PCR) amplification 

A total of 23 fish samples were collected from local fish 
markets in Sabah (Malaysia Borneo) and Peninsular 
Malaysia (Table 1). Research methods reported in this 
manuscript adhered to the legal requirements of 
Department of Wildlife and National Parks 
(PERHILITAN) and Malaysian Department of Fisheries. 
Nine samples were identified as white-spotted guitarfish, 
five sharks, nine rays and based on morphology described 
by Last et al. (2010) and Ahmad et al. (2013). A partial 
tissue sample was taken from each of the individuals for 
DNA extraction. Total genomic DNA was extracted from 
0.02 to 0.05 g of the tissue sample using Invisorb DNA 

Mini kit (Analytik Jena, Germany), following the 
manufacturer’s protocol. 

DNA amplification was performed of the targeted 
locus, COI (Table 2), in the mitochondrial DNA (mtDNA) 
(Ward et al. 2005; Ivanova et al. 2007). We used Red Taq 
Mix (BIOLINE) to conduct the PCR using the following 
steps: 95 °C initial denaturation for 3 minutes, followed by 
30 cycles of denaturation at 95 °C for 1 minute, 52 °C 
annealing for 15 seconds, and 72 °C extension for 10 
minutes. PCR products were viewed using 1.5% agarose 
gel electrophoresis. The successful PCR products were sent 
to First Base Laboratories Sdn Bhd (Malaysia) for DNA 
sequencing (Aifat et al. 2016). 

 
 

 
 
Figure 1. White-Spotted Guitarfish (Rhynchobatus australiae) 
 
 
 
 
Table 1. Details of genetic samples  
 

Species/ code Locality 

  
Rhynchobatus australiae RA1, RA2 Tawau 
R. australiae RA4 Malay Peninsular 
R. australiae RA5 Sabah 
R. australiae RA6, RA7 Tawau 
R. australiae RA8, RA9 Johor 
R. australiae NC 030254 Thailand 
Dasyatis zugei 78, 90 Malay Peninsular 
Neotrygon kuhlii 152, 158 Malay Peninsular 
Himantura gerrardi 90 Malay Peninsular 
H. jenkinsii 433, 434 Malay Peninsular 
H. walga 78, 101 Malay Peninsular 
Shyrna lewini SL1, SL2 Tawau 
Carcharhinus sorrah S3 Sabah 
Rhizoprionodon oligolinx S1, S2 Tawau 
Chimaera fulva NC014288.1 Genebank 
  

 
 
 
Table 2. Details of primer pairs used in this study 
 

Primer/Reference Sequence 

  
FISH F2 Ward et al. (2005) 5'TCGACTAATCATAAAGATATCGGCAC3' 
FISH R2 Ward et al. (2005) 5'ACTTCAGGGTGACCGAAGAATCAGAA3' 
VF2 Ward et al. (2005) 5'TGTAAAACGACGGCCAGTCAACCAACC3' 
FR1d Ivanova et al. (2007) 5'CAGGAAACAGCTATGACACCTCAGGGT3' 
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DNA sequence and phylogenetic analysis 

Both forward and reverse DNA sequences were 
proofread using Bioedit software (Aifat et al. 2016). 
GenBank BLASTn software confirmed the DNA sequence 
similarity to that of the target species. DNA sequences 
were aligned using MEGA 6 (Tamura et al. 2013), and 
phylogenetic analysis was performed using two methods: 
the distance-based neighbor-joining (NJ) method, and the 
character-based maximum parsimony (MP) method. Both 
analyses were completed using MEGA 6 software (Tamura 
et al. 2013). The Kimura 2-parameter model was selected 
for the NJ phylogenetic analysis, while the MP 
phylogenetic tree was heuristically searched using 1,000 
random stepwise additions and a 50% majority rule 
consensus. The MP tree was then reconstructed using the 
tree bisection and reconnection algorithm (Abdul-Latiff et 
al. 2014a, 2014b). Both phylogenetic trees were tested with 
1,000 bootstrap replications to obtain the bootstrap 
confidence level. 

RESULTS AND DISCUSSION 

Genomic DNA from a total of 24 genetic samples was 
successfully extracted and amplified. Sequences in size of 
~701 bp of COI locus were obtained and subjected to 
sequence analysis. Of this obtained DNA sequence, 433 
(61.77%) bases were conserved, 268 (38.23%) variable and 
254 (36.23%) were parsimony informative characters. 
Genetic distance analysis indicated that white-spotted 
guitarfish (Rhyncobatidae) are closer to sharks 
(Carcharhinidae) with a genetic distance of 0.224 than they 
were to rays (Dasyatidae) where the genetic distance was 
of 0.233. The highest genetic distance (0.257) was found 
between the Rhyncobatidae and the outgroup of this study 
(Chimaeridae). This result indicated that C. fulva was 
correctly chosen as the outgroup. 

The NJ (Figure 2) and MP (Figure 3) phylogenetic trees 
revealed the phylogeny of white-spotted guitarfish. The 
best MP tree indicated a tree length of 684, a consistency 
index of 0.588, a homoplasy index of 0.421, a retention 
index of 0.820 and a rescaled consistency index of 0.482. 
The NJ and MP tree topology revealed a clear separation 
between the outgroup, Chimaera, and the in-group, sharks 
and rays. Two main clades are detected in the NJ tree, with 
clade A consisting of sharks (R. oligolinx, C. sorrah and S. 
lewini) and white-spotted guitarfish, R. australiae, and 
clade B solely composed of members of the ray family 
(Himantura spp., D. zugei and N. kuhlii). Clade A, consisting 
of R. australiae and sharks (Sphyrnidae and Carcharhinidae), 
was supported with an 84% bootstrap value. 

Furthermore, R. australiae formed a monophyletic 
clade within clade A, supported by a 100% bootstrap value. 
Two further subclades can be differentiated within R. 
australiae, namely subclade I and II. Subclade I 
encompassed samples from Sabah and Peninsular 
Malaysia, while subclade II consisted of samples from 
Sabah, Peninsular Malaysia, and Thailand (Genbank 
sequences). 

Parallel to the NJ tree, the MP tree portrayed a clear 
separation between the ingroup (sharks and rays) and the 
outgroup (Chimaera). Clade formation in the MP tree 
followed the same topology as the NJ tree, as clade A 
consisted of sharks and white-spotted guitarfish, while 
clade B consisted of rays. R. australiae formed a 
monophyletic clade with sharks (Sphyrnidae and 
Carcharhinidae) supported with a 64% bootstrap value. The 
same monophyletic clade of R. australiae was detected 
within clade A, thus separating it from sharks. Based on the 
MP tree, clade B was separated from sharks and guitarfish, 
supported by 52% bootstrap value. 

Results from our phylogenetic analysis revealed a 
monophyletic clade for rays (Dasyatidae). Sharks 
(Sphyrnidae and Carcharhinidae) and white-spotted 
guitarfish (Rynchobatidae) formed a distinct monophyletic 
clade from each other supported by a 100% bootstrap 
value. These findings, together with their closer genetic 
distance to each other, indicated that sharks and guitarfish 
shared the same common ancestor, while rays were more 
distantly related. Few phylogenetic studies have been 
conducted on sharks and batoids, and studies on R. 
australiae are limited. According to Aschliman et al. 
(2012), rays are a derived group that formed a 
monophyletic clade, supported by some synapomorphic 
characters. Thus, classifications of guitarfish as closer to 
rays (Batoidea) proved to be a contradicting hypothesis. In 
this study, NJ, and MP phylogenetic tree topology 
indicated that R. australiae formed a monophyletic clade 
within a clade containing sharks, and this result is 
concurrent with Maisey (2012). 

The phylogenetic study of elasmobranch fishes in our 
study was based on a 701 bp sequence of the COI gene. 
However, the COI locus of mtDNA was not employed by 
either Douady et al. (2003) nor Winchell et al. (2004) in 
their batoid analyses. However, findings in our study, 
especially of the phylogenetic tree topology, were similar 
to those of Douady et al. (2003) and Winchell et al. (2004). 
This evidence points to a separation of batoids from sharks. 
Winchell et al. (2004), who analyzed the cytochrome b 
sequences of mtDNA, supported the separation of sharks 
from batoids, while phylogenetic tree reconstructions by 
Douady et al. (2003) also found evidence that batoids are a 
separate lineage from sharks. Douady et al. (2003) 
proposed an evolutionary scenario where sharks and 
batoids underwent earlier diversification to form distinctive 
monophyletic clades. 

It is irrefutable that rays formed a monophyletic clade 
as compared to sharks. Rays have many distinctive and 
unique morphological characteristics, separating them from 
sharks. These include internal anatomical structures that 
support disc set like chest cartilage, anteorbital elements, 
and synarcual cartilage (Last et al. 2016). The external 
morphology of R. australiae resembles that of sharks 
(especially from the genus Squatinidae, angel sharks). 
Numerous other external characters differentiate sharks 
from rays, especially the positions of gills, which in sharks 
are on the side of the head, while in rays the gills are under-
neath the head, closer to the mouth (Ahmad et al. 2008). 
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Figure 2. The Neighbor-Joining (NJ) phylogenetic tree of COI gene  
 
 
 

 
 
Figure 3. The Maximum Parsimony (MP) phylogenetic tree of COI gene 
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Findings in this study have proven that the COI locus 
can determine the phylogenetic and taxonomic position of 
R. australiae and differentiate it from sharks and rays. 
However, subclade diversifications within R. australiae in 
both NJ and MP tree topologies do not represent 
geographical patterns of population distribution in 
Malaysia, which will require alternative markers for better 
phylogenetic resolution. This implies that the COI locus is 
suitable for determining the phylogenetic position of 
guitarfish, but cannot be applied to a biogeographical 
population-level study. According to Troast et al. (2016), 
applications of the COI locus alone failed to postulate 
population structures within species accurately. Thus, we 
propose that future studies at the population level should 
exploit other mtDNA gene sequences such as cytochrome b 
and D-loop regions that have been proven to analyze taxa 
at population levels (Rosli et al. 2011; Ang et al. 2012). 
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Abstract. Senchugova MA, Khapugin AA. 2018. Possibility of co-protection for populations of steppe and forest plants in alone 
location: a case study in Republic of Mordovia, Russia. Biodiversitas 19: 1387-1395. In conditions of vegetation mosaicity of forest-
steppe zone, many threatened plant species from different coenologic groups could growth in spatially close habitats. In this study, we 
tested whether steppe-related (Iris aphylla) and forest-related (Lilium martagon) plants could inhabit an alone location in conditions of 
the Republic of Mordovia, Russia. It would allow a probability to establish a Protected Area for preservation of two target plant species. 
For this purpose, we studied populations of I. aphylla and L. martagon in different locations, including habitats typical and atypical for 
these species. Using Jacquard similarity index and Tsyganov ecological scales, we compared floristic compositions and environmental 
variables of all studied locations. As a result, we revealed 25.3%-probability of co-habitation of I. aphylla and L. martagon in conditions 
of the Republic of Mordovia. Moreover, a proposed habitat was typical for L. martagon. This species has not been found in grassland 
habitats, while I. aphylla was registered within forest habitats. Obtained results allow to improve the Protected Areas management in the 
region by organization of a smaller Protected Area by conserving higher number of threatened plant species. 

Keywords: Conservation, Iris aphylla, Jaccard s similarity index, Lilium martagon, protected area 

INTRODUCTION 

Forest-steppe biome forms a separate vegetation belt. It 
ranges from Eastern Europe to the easternmost parts of 
Asia (Magyari et al. 2010). The Republic of Mordovia is 
located within the forest-steppe zone in European Russia. 
Grassland and forest patches are interspersed with each 
other in this region. It is especially in central and eastern 
part, while western part is mainly covered by forest 
vegetation. Due to considerable mosaicity of habitats and 
unique geographical position, Republic of Mordovia is 
characterized by wide range of threatened plant species of 
different coenotical groups (Khapugin and Silaeva 2013; 
Khapugin et al. 2017). This is consistent with Hoekstra et 
al. (Hoekstra et al. 2005) noted on extremely high 
conservation value of the forest-steppe belt. The mosaic 
vegetation has been considered as one of the most species-
rich (Erdős et al. 2017) and also host a high number of red-
listed plant species. 

A Protected Area network is considered as a key tool 
for positive contribution to biodiversity conservation 
component of the global response to environmental 
changes and degradation (Gaston et al. 2008; Grebennikov 
2016). They are contributing positively to biodiversity 
recovery and conservation (Gebremedihin et al. 2018; 
Leverington et al. 2010). Establishment of a Protected Area 
is based on the three consistent criteria: the presence of 
threatened species, exceptional botanical richness and 
threatened habitats (Anderson 2002). Therefore, there is a 
small probability of preserving a location with one-two 
threatened species. Moreover, a chance for Protected Area 

establishment to preserve of plant populations of species 
typically confined to different habitat types is even less. In 
this study, we selected two near-threatened (Khapugin et al. 
2017b,c) forest (Lilium martagon L.) and steppe (Iris 
aphylla L.) plant species aiming to test whether it is 
possible to organize protection of their populations in a 
single location. We addressed the following questions: (i) 
What are most favorable conditions for growth of I. aphylla 
and L. martagon in the Republic of Mordovia? (ii) What is 
a probability for co-habitation of two target species? 

MATERIALS AND METHODS 

Study species 
Iris aphylla L. (Iridaceae) is a long-lived, rhizomatous 

perennial steppe plant species. The centre of its range 
covers Ukraine, Central and South Russia, the Caucasus 
and Asia Minor, while peripheral populations are located in 
Poland, Belorussia, Germany, the Czech Republic, Slovakia, 
Hungary, Romania (Webb and Chater 1980) In the Middle-
Russian Upland, this plant is mostly confined to meadow 
steppes on slopes or, rarely, to edges of shrub thickets. In 
addition, I. aphylla occurs along forest edges and in open 
forests, where blooming plants are rare (Kazakova et al. 
2015; Khapugin et al. 2018). This Near-Threatened species 
is included in the Red Data Book of the Republic of 
Mordovia (Silaeva 2017). It is presented by 45 populations 
in Mordovia predominantly located in eastern part of the 
region. However only four of them are located within 
existing Protected Area Network (Khapugin et al. 2017a). 
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Lilium martagon L. (Liliaceae) is a bulbous perennial 
herb. It is distributed in Eurasia, from Portugal eastwards 
throughout southern Europe all the way into Siberia (Fox 
2006). It usually occurs in small clumps in light forests, 
along forest glades. In Mordovia, L. martagon is confined 
to forest ecosystems, predominantly light deciduous forest 
types (Khapugin et al. 2018). This Near-Threatened species 
is included in the Red Data Book of the Republic of 
Mordovia (Silaeva 2017). It is presented by 33 populations 
in Mordovia located exclusively in eastern part of the 
region. However only three of them are located within 
existing Protected Area Network (Khapugin et al. 2017a). 

Study area 
Our study area was located in the eastern part of the 

Republic of Mordovia (Figure 1). Field studies have been 
carried out during 2016-2017. Three locations per target 
species were investigated in Mordovia. I. aphylla was studied 
in National Park   Smolny  (location 1: 54º47  20.24 N, 
45º14  07.41 E), neighborhoods of Salma Village of 
Romodanovo District (location 2: 54º24  32.25 N, 
45º08   28.57 E), and Natural Monument Levzha 
landscape sanctuary  in Ruzaevka District (location 3: 
54º06  02.09 N, 45º06  06.95 E). L. martagon was 
studied in neighborhoods of Salma Village in Romodanovo 
District (location 4: 54º24  53.43 N, 45º08  04.38 E), 
urban forest in neighborhoods of Saransk (location 5: 
54º09  47.33 N, 45º06  04.02 E), in neighborhoods of 
biological station of the Mordovia State University in 
Bolshie Berezniki District (location 6: 54º11  07.36 N, 

46º10  37.93 E). In each study site, 10 m × 10 m plots 
were selected ("large plots") where individuals of target 
species were found. Floristic composition of all vascular 
plant species was recorded within established large plots. 
Table 1 presents brief characteristics of all large plots 
established during fieldwork. 

Floristic lists of described large plots were compared 
using Jaccard s similarity index calculated using the 
following formula: JS = 100 x C/(A+B-C), where A = 
number of species in locality A; B = number of species in 
locality B; C = number of species shared between two (A 
and B) localities (Jaccard 1901). Plant species names 
follow The Plant List (2018). 

In each study site, 10 m × 10 m plots were selected 
(large plots) where individuals of target species were 
found. To reveal differences between environmental 
conditions of studied large plots, we used the Tsyganov 
(1983) ecological scale that is most suitable for the 
Republic of Mordovia. Each environmental factor in the 
scale is represented by points (gradations) arranged within 
a range of plant survival. It means that for a certain plant 
species we can define the range of its existence in relation 
to a certain factor (for instance, soil nitrogen, moisture 
etc.). Edaphic and topographic environmental factors of 
Tsyganov scale (1983) were selected: shading (LC), soil 
moisture (HD), soil nitrogen (NT), soil pH (RC), trophicity 
(TR). We calculated the mean point value of an environmental 
factor per each study plot as a mean of the entire set of 
species registered there. The following formula was used: 

 
 
 

 
 
Figure 1. Studt sites in the Republic of Mordovia, Russia and its possition in Europe: location 1 (54º47  20.24 N, 45º14  07.41 E), 
location 2 (54º24  32.25 N, 45º08  28.57 E), location 3 (54º06  02.09 N, 45º06  06.95 E), location 4 (54º24  53.43 N, 
45º08  04.38 E), location 5 (54º09  47.33 N, 45º06  04.02 E), location 6 (54º11  07.36 N, 46º10 37.93 E); red (dark-grey) 
squares-locations of Lilium martagon; yellow (light-grey) triangles-locations of Iris aphylla 
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Table 1. Characteristics of large plots established in study area in the Republic of Mordovia, Russia 
 

Species 
Abbreviation used for 

a large plot 
Position number 

(according to Figure 1) 
Characteristics of a habitat position 

Iris aphylla I.NP 1 Glade within the mixed forest 
Iris aphylla I.S1 2 Steppificated deciduous forest (45-55% canopy) 
Iris aphylla I.S2 2 Steppificated deciduous forest (45-55% canopy) 
Iris aphylla I.S3 2 Steppificated deciduous forest (45-55% canopy) 
Iris aphylla I.S4 2 Steppificated deciduous forest (45-55% canopy) 
Iris aphylla I.S5 2 Steppificated deciduous forest (40-50% canopy) 
Iris aphylla I.S6 2 Forest edge (5-10% canopy) 
Iris aphylla I.S7 2 Forest edge (10-15% canopy) 
Iris aphylla I.S8 2 Grassland: meadow-steppe slope 
Iris aphylla I.L1 3 Grassland: meadow-steppe slope 
Iris aphylla I.L2 3 Grassland: meadow-steppe slope 
Iris aphylla I.L3 3 Grassland: meadow-steppe slope 
Iris aphylla I.L4 3 Grassland: meadow-steppe slope 
Iris aphylla I.L5 3 Grassland: meadow-steppe slope 
Lilium martagon L.S1 4 Steppificated deciduous forest (45-50% canopy) 
Lilium martagon L.U1 5 Closed deciduous forest (45-55% canopy) 
Lilium martagon L.U2 5 Closed deciduous forest (45-55% canopy) 
Lilium martagon L.U3 5 Closed deciduous forest (45-55% canopy) 
Lilium martagon L.BB 6 Moist closed alder forest  (60-65% canopy) 
 
 
 
 

n

xxxxxx
mEFV nn

2

)...()...( maxmax
2

max
1

minmin
2

min
1 

  

Where, mEFV: mean environmental factor point values 
(e.g., shading), min

nx : the minimal point value of a factor in 

the Tsyganov scale (1983) for a plant species, max
nx : the 

maximal point value of a factor in the Tsyganov scale 
(1983) for a plant species, n: number of plant species in the 
floristic list in a study plot. 

Statistical analyses were carried out using PAST 3.15 
(Hammer et al. 2001) and Microsoft Excel. The ordination 
techniques, the principal component analysis (PCA), were 
used to define the major gradients determining ecological 
preferences of target species. Mean point values of 
environmental factors for established plots were plotted 
onto a PCA ordination diagram as supplementary 
environmental data. 

RESULTS AND DISCUSSION 

The accompanying floras were revealed for all large 
locations with I. aphylla and L. martagon participation. It 
included 140 species of vascular plants from 106 genera 
and 44 families for I. aphylla (Table S1), and 63 species of 
vascular plant moss species from 58 genera and 34 families 
for L. martagon (Table S2). Based on obtained data we 
calculated the Jaccard s similarity index amongst these 
accompanying floras. Obtained results are presented using 
cluster analysis (Figure 2). They show separation of all 
study plots into two main clusters. They could be 
conditionally named as cluster of forest habitats (left in 
Figure 2) and cluster of open habitats (right in Figure 2). It 
can be seen, that all L. martagon habitats were correctly 
assigned to the "forest cluster", while I. aphylla 

demonstrated duality of its confinement to a certain cluster. 
Six plots with I. aphylla were assigned to the  forest 
cluster , and other eight plots-to the   grassland cluster . 

In order to test this definition of study plots into two 
groups, we conducted principal component analysis (PCA) 
of point values of selected environmental factors (Figure 
3). All study plots distributed mainly along gradients of soil 
moisture, habitat shadiness, and soil nitrogen availability. It 
can be seen, that separation of forest-related and grassland-
related plots was clearly noticeable, while plots related to 
the forest edge (including forest glades) positioned 
intermediately. However, this is not so clear from Figure 2. 
Both Figure 2 and Figure 3 showed high similarity in both 
plant species compositions and environmental conditions 
between habitats of I. aphylla and L. martagon in 
Mordovia. 

Discussion 
Issues of preservation of plants (Ge et al. 2017; 

Khapugin 2018; Lisetskii et al. 2016), invertebrates 
(Ruchin and Grishutkin 2018; Weking et al. 2016), 
vertebrates (Rusin et al. 2013), their habitats (Erdős et al. 
2014, 2017) under conditions of vegetation mosaicity in 
forest-steppe belt are discussed in many countries. Our data 
on relation of I. aphylla and L. martagon to the certain 
habitats of forest-steppe belt of European Russia did not 
show clear distinguishing into two types-forests and 
grasslands. Several clumps of I. aphylla were registered in 
atypical (forest) habitats. This demonstrated its wider 
ecological requirements in compare with second target 
species. At the same time, no one population of L. 
martagon was registered in grassland habitats. Despite a 
lack of flowering individuals in I. aphylla populations 
registered in the forest (Khapugin et al. 2018), plants are 
able to successful vegetative reproduction in such 
conditions. The appearance and further growth of a 
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perennial steppe plant within a forest ecosystem became to 
be possible due to the afforestation processes occurred in 
Russia during the post-Soviet period (Sieber et al. 2013). 
Results of recent investigations proposed that there are 
several co-located populations of I. aphylla
martagon in the Republic of Mordovia (Khapugin and 

 
 
 

 
Figure 2. Cluster analysis dendrogram of plant species composition of 19 study plots with participation of 
martagon (prefix  L.) in the Republic of Mordovia, based on Jaccard
  

 
 

Figure 3. Principal component analysis (PCA) ordination diagram of plots with participation of 
martagon (prefix   L. ) in the Republic of Mordovia. Symbols: red 
martagon. Environmental factors: LC-shading, HD
gradients, mean point values of environmental factors were 
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Soviet period (Sieber et al. 2013). 
Results of recent investigations proposed that there are 
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in the Republic of Mordovia (Khapugin and 

Senchugova 2018). Further studies should be aimed to 
determine, are there other cases of co
target species in a certain alone habitat. This will allow 
determining the most important areas, wh
protected in Mordovia. 

Cluster analysis dendrogram of plant species composition of 19 study plots with participation of Iris aphylla
of Mordovia, based on Jaccard s similarity indices 

 
Principal component analysis (PCA) ordination diagram of plots with participation of Iris aphylla

) in the Republic of Mordovia. Symbols: red triangles-locations of Iris aphylla, green dots
shading, HD-soil moisture, NT-soil nitrogen, RC-soil pH, TR-trophicity. To reveal ecological 

gradients, mean point values of environmental factors were plotted onto PCA ordination diagram as supplementary environmental variables

Senchugova 2018). Further studies should be aimed to 
determine, are there other cases of co-habitation of these 
target species in a certain alone habitat. This will allow 
determining the most important areas, which need to be 
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Figure 4. Area-proportional Venn-diagram of the plant species of 
floras accompanying to Iris aphylla (A: 140 species) and 
martagon (B: 63 species) in the Republic of Mordovia, Russia
 
 

 
 
Thus, we can assume that co-habitation of forest and 

steppe threatened plants, I. aphylla and 
possible in conditions of vegetation mosaicity of forest
steppe belt in European Russia. Moreover, this is possible 
in forest plant communities, typical to L. martagon
vice versa. Nevertheless, the question remains, how likely 
is the cohabitation of these two species? To answer it based 
on obtained results, we supposed that plant spec
composition could be used as a tool. Using Jacquard 
similarity index, we compared the whole compositions of 
floras accompanying to I. aphylla and L. martagon
study area (Figure 4).  

As it can be seen, these floras have 25.3% similarity. 
Therefore, we can conditionally assume 25.3% probability 
of co-habitation of I. aphylla and L. martagon
of vegetation mosaicity of the Republic of Mordovia, 
Russia. 

Thus, we can conclude that cohabitation, and thus 
preservation, of steppe-related (I. aphylla
related (L. martagon) plant species is possible in conditions 
of forest-steppe belt of European Russia. This probability is 
about 25% with the proviso that environmental conditions 
would be similar to our conducted research. In conditi
of high level of agricultural pressure on natural ecosystems, 
is it highly difficult to exclude a habitat from agriculture 
for organization of a Protected Area. This is consistent with 
a few principal external problems facing protected areas 
formulated by Bishop et al. (Bishop et al. 1995) as "the 
failure to integrate protected areas requirements into wider 
policies, such as agriculture" and "the inadequate 
recognition of the needs, interests and knowledge of local 
people within protected areas". Therefore, conservation of 
two co-inhabiting plant species in alone location allows 
organizing protection by using smaller area of natural 
habitats and by facing smaller difficulties with local 
people. 
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Table S1. List of plant species registered in study plots with participation of Iris aphylla in the Republic of Mordovia, Russia 
  

Species Study plots 
I.S1 I.S2 I.S3 I.S4 I.S5 I.S6 I.S7 I.S8 I.L1 I.L2 I.L3 I.L4 I.L5 I.NP 

Acer negundo L. - - - - - - + - + - - - - - 
Acer platanoides L. + + + + + - - - - - - - - - 
Acer tataricum L. + - - + - + + - - - - - - - 
Aconitum septentrionale Koelle + - - - - - - - - - - - - - 
Adonis vernalis L. - - - - - - - + - - - - - - 
Aegopodium podagraria L. + + - + + - + - - - - - - - 
Agrimonia eupatoria L. - - - - + + + + + + + + + - 
Anemone ranunculoides L. + - + + - - - - - - - - - + 
Anthriscus sylvestris (L.) Hoffm. - - + - + - - - - - - - - - 
Artemisia vulgaris L. - - - - + - + - - - - - - - 
Asarum europaeum L. - + + + + + + - - - - - - - 
Asparagus officinalis L. - - - - - - - - - + - - - - 
Berteroa incana (L.) DC. - - - - - - - + - - - - - - 
Bromus inermis Leyss. - - - - - + - + + + + - - - 
Calamagrostis epigejos (L.) Roth - - - - - - + - + + + + + - 
Campanula latifolia L. - - + - - - - - - - - - - - 
Campanula persicifolia L. + - + - - - - - - - - - - - 
Campanula trachelium L. + + - + + - - - - - - - - - 
Carex caryophyllea Latourr. - - - - - - - - + + - - - - 
Carex praecox Schreb. - - - - - - - - - - - + - - 
Carex spicata Huds. + - + - + - + - - - - - - - 
Centaurea scabiosa L. - - - - - - - + - + - - - - 
Chamaecytisus ruthenicus (Fischer ex Woloszczak) Klásk. - - - - - - - - - + - - - - 
Chelidonium majus L. - - - - - - + - - - - - - - 
Cirsium arvense (L.) Scop. - - - - + + + - - - - - - - 
Clinopodium vulgare L. - - + + - - - - - - - - - - 
Conium maculatum L. - - - - - - - + - - - - - - 
Convallaria majalis L. + + + + + - - - - - - - - - 
Corydalis solida (L.) Clairv. - - - + - - - - - - - - - - 
Corylus avellana L. + + + + + - - - - - - - - - 
Dactylis glomerata L. - - - - - - + - - - - - + - 
Dracocephalum ruyschiana L. - - - - - + - - - - - - - + 
Dryopteris filix-mas (L.) Schott - + - - - - - - - - - - - - 
Epilobium angustifolium L. - + - - - - - - - - - - - - 
Epipactis helleborine (L.) Crantz + + + + + - - - - - - - - - 
Erigeron annuus (L.) Pers. - - - - - + - - - - - - - - 
Euonymus verrucosus Scop. + + + + - - - - - - - - - - 
Euphorbia microcarpa (Prokh.) Krylov - - - - - - - - - + + + - - 
Euphorbia semivillosa (Prokh.) Krylov - - - - - - - - - - + + - - 
Falcaria vulgaris Bernh. - - - - - - - - - + - - - - 
Festuca gigantea (L.) Vill. + + - + + - - - - - - - - - 
Festuca pratensis Huds. - - - - - - - - - - - + - - 
Filipendula vulgaris Moench - - + + + + + + + + + + + + 
Fragaria vesca L. + + + + - + + - - - - - - - 
Fragaria viridis Weston - - - - - - - + + + + + + - 
Fraxinus excelsior L. + + - - - - - - - - - - - - 
Galium boreale L. - + - - - + + - + - + - - - 
Galium mollugo L. + - + - + + + - + + + - - + 
Galium tinctorium (L.) Scop. - - - - - + - - - - - - - - 
Galium verum L. - - - - - - - + + + + + + - 
Geranium pratense L. - - - - - - - - + + + + + - 
Geranium sanguineum L. - - - - + + - - + - + + + - 
Geranium sylvaticum L. + - + - + - - - - - - - - - 
Geum urbanum L. + + + + + + + + - - - - - - 
Glechoma hederacea L. + + + + - - + - - - - - - - 
Helictotrichon pubescens (Huds.) Schult. & Schult.f. - - - - - + - + - - - - - + 
Heracleum sphondylium subsp. sibiricum (L.) Simonk. + - - + + - - - - - - - - - 
Hieracium umbellatum L. - + + - - - - - - - - - - - 
Hierochloe odorata (L.) P. Beauv. - - - - - - - - - - - - - + 
Hypericum perforatum L. + - - - + + + - + + + + + - 
Hypochaeris maculata L. - - - - - + - - - - - - - - 
Inula helenium L. - - - - + - - - - - - - - - 
Inula hirta L. - - - + - + - - - - - - - - 
Iris aphylla L. + + + + + + + + + + + + + + 
Knautia arvensis (L.) Coult. - - - - - - - - - + + + - + 
Larix sibirica Ledeb. - - - - - - + - - - - - - - 
Lathyrus pratensis L. - - - - - - - - - - - - - + 
Lathyrus sylvestris L. + - - - - + - - - + - - + - 
Lathyrus vernus (L.) Bernh. + + + + + - - - - - - - - - 
Leonurus quinquelobatus Gilib. - - - - - - + - - - - - - - 
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Leucanthemum vulgare (Vaill.) Lam. - - - - - + - - - - - - - - 
Lonicera xylosteum L. + - - + + - + - - - - - - - 
Malus sylvestris (L.) Mill. - + - - - - + - - - - - - - 
Melampyrum nemorosum Baumg. + + - - + + + + - - - - - - 
Melica nutans L. + + - - - - + - - - - - - - 
Mentha arvensis L. + - - - - - - - - - - - - - 
Myosotis arvensis (L.) Hill - - - - - - - - - + - - - - 
Nepeta cataria L. - - - - - - - - + + + + - - 
Origanum vulgare L. - - - - - - - + - - - - - - 
Peucedanum alsaticum L. - - - - - - - + - - - - - - 
Phleum phleoides (L.) H.Karst. - - - - - - - + - + - - - - 
Phleum pratense L. - - - - - + - - - - - - - - 
Phlomoides tuberosa (L.) Moench - - - - - - + + + + - + - - 
Pimpinella saxifraga L. - - - - - - + - - - - - - + 
Pinus sylvestris L. - - - - - + + + - - - - - - 
Poa nemoralis L. - + - - + + - - - - - - - - 
Poa pratensis L. - - - - - + - + - + + + + - 
Polygala comosa Schkuhr - - - - - - - - - + - - - - 
Polygonatum multiflorum (L.) All. + - - + - - - - - - - - - - 
Populus tremula L. + - - + + - - - - - - - - - 
Potentilla alba L. - + - - + + - - - - - - - - 
Potentilla argentea L. - - - - - + - + - + - - + - 
Potentilla thuringiaca Bernh. - - - - - - - - - - - - - + 
Primula veris L. - - + - - + + + - + - - - - 
Prunella vulgaris L. - - - - - + - - - - - - - - 
Prunus fruticosa Pall. - - + - - - - - + + - - + - 
Prunus padus L. - + - - - - - - - - - - - - 
Pulmonaria obscura Dumort. + + + + - - + - - - - - - - 
Pyrethrum corymbosum (L.) Scop. + + + + + + - - - - + + - - 
Quercus robur L. + + + + + + + - - - - - - - 
Rhamnus cathartica L. - - - - - - - + - - - - - - 
Rosa majalis Herrm. + + - - - + - - - + - - - - 
Rubus idaeus L. - - - - - - + - - - - - - - 
Rubus saxatilis L. - + - + + - - - - - - - - - 
Salix caprea L. - - - - - - - + - - - - - - 
Salvia dumetorum Andrz. ex Besser - - - - - + - + + + - - + - 
Sanguisorba officinalis L. - - - - + + - - - - - - - - 
Scrophularia nodosa L. + + - - + - - - - - - - - - 
Silene nutans L. - - - - - + - - - - - - - - 
Silene viscaria (L.) Jess. - - - - - - + + - - - - - - 
Sonchus arvensis L. - - - - - + - - - - - - - - 
Sorbus aucuparia L. + + - + - - + - - - - - - - 
Stachys annua (L.) L. - - - - - - - - + + - - - - 
Stachys officinalis (L.) Trevis. + + - + + + + + - - - + - - 
Stellaria graminea L. - - - - - - - + - - - + - - 
Stellaria holostea L. + + + + + - + - - - - - - - 
Stipa pennata L. - - - - - - - - - - + - - - 
Tanacetum vulgare L. - - - - - - - - - + - - - - 
Thalictrum minus L. - - - - - - - - - + - - + - 
Thalictrum simplex L. - - - - + - - - + - - - - - 
Thymus pulegioides subsp. pannonicus (All.) Kerguélen - - - - - - - - - + + + + - 
Tilia cordata Mill. + - - - - - - - - - - - - - 
Torilis japonica (Houtt.) DC. - - - - - - + - - - - - - - 
Tragopogon orientalis L. - - - - - + - - - - - - - - 
Trifolium alpestre L. + - - - - + - - + - - - - - 
Trifolium medium L. - - - - + - - + - - - - - - 
Trifolium montanum L. - - - - - + - + - - - - - - 
Trifolium pratense L. - - - - - - - - - + - - - - 
Trollius europaeus L. - + + + - - - - - - - - - - 
Urtica urens L. + - - - - - + - - - - - - - 
Verbascum nigrum L. - - - - - - - - - - - + - - 
Veronica austriaca subsp. teucrium (L.) D.A. Webb - - - - + + + - + + + - + + 
Veronica chamaedrys L. - - - - - - - + + + - - - + 
Viburnum opulus L. - - - - - - + - - - - - - - 
Vicia cracca L. - - - - + - - - - - - - - - 
Vicia sylvatica L. - - + + - - - - - - - - - - 
Vincetoxicum laxum Gren. & Godr. - + - - - + - - - - - - - - 
Viola canina L. + - - - - + - - - - + + + - 
Viola collina Besser - - - - - - + - - - - - - - 
Viola mirabilis L. + - + + - - + - - - - - - - 
Note: Explanations of study plot abbreviations-see Table 1;    + / - : presence/absence of a species in a study plot 
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Table S2. List of plant species registered in study plots with participation of Lilium martagon in the Republic of Mordovia, Russia 
  

Species Study plots 
L.BB L.S1 L.U1 L.U2 L.U3 

Acer platanoides L. - + + + + 
Aegopodium podagraria L. + + + + - 
Alnus glutinosa (L.) Gaertn. + - - - - 
Asarum europaeum L. - + - - - 
Betula pendula Roth + - - - - 
Calamagrostis canescens (Web.) Roth + - - - - 
Campanula patula L. - - + - - 
Carex digitata L. - + - - - 
Carex pallescens L. - - + - - 
Carex pilosa Scop. - + + + + 
Convallaria majalis L. + + + + + 
Corylus avellana L. - + + + + 
Dryopteris filix-mas (L.) Schott - - + - - 
Epipactis helleborine (L.) Crantz - + - - - 
Euonymus verrucosa Scop. - + + + + 
Festuca gigantea (L.) Vill. - + - + - 
Filipendula ulmaria (L.) Maxim. + - - - - 
Filipendula vulgaris Moench - + - - - 
Fragaria vesca L. - + - - - 
Fraxinus excelsior L. - - + - - 
Galium palustre L. + - - - - 
Galium rivale (Sibth. et Smith) Griseb. + - - - - 
Geum urbanum L. - + - - + 
Glechoma hederacea L. - - + + - 
Heracleum sibiricum L. - + - - - 
Hieracium umbellatum L. - + - - - 
Lathyrus vernus (L.) Bernh. + + + + + 
Lilium martagon L. + + + + + 
Lonicera xylosteum L. - + + + + 
Lysimachia europaea (L.) U.Manns & Anderb. + - - - - 
Majanthemum bifoliun (L.) F. M. Schmidt + - - - - 
Malus sylvestris Mill. - - + - + 
Melampyrum nemorosum L. + - - - - 
Melampyrum pratense L. - + - - - 
Melica nutans L. - + + + + 
Mercurialis perennis L. - + + + + 
Milium effusum L. - - + + - 
Phragmites australis (Cav.) Trin. ex Steud. + - - - - 
Pinus sylvestris L. + - - - - 
Platanthera bifolia (L.) Rich. - - - + - 
Poa nemoralis L. - + + + - 
Polygonatum multiflorum (L.) All. - + + + - 
Polytrichum commune Hedw. + - - - - 
Populus tremula L. - + + - - 
Potentilla alba L. - + - - - 
Potentilla erecta (L.) Raeusch. + - - - - 
Primula veris L. - + - - - 
Pulmonaria obscura Dumort. - + + + - 
Pyrethrum corymbosum (L.) Scop. - + - - - 
Quercus robur L. + - - - - 
Ranunculus cassubicus L. - + - - - 
Rosa majalis Herrm. - + - - - 
Rubus saxatilis L. + - + + + 
Sanguisorba officinalis L. - + - - - 
Scrophularia nodosa L. - - + + + 
Serratula tinctoria L. - + - - - 
Sorbus aucuparia L. + - - - - 
Stellaria holostea L. - + + + + 
Tilia cordata Mill. - + + + + 
Vaccinium myrtillus L. + - - - - 
Viburnum opulus L. - - - - + 
Vicia sylvatica L. - + - - - 
Vincetoxicum laxum (Bartl.) Gren. & Godr. - + - - - 
Viola mirabilis L. - + + + + 
Note: Explanations of study plot abbreviations-see Table 1;    + / - : presence/absence of a species in a study plot 
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Abstract. Murniati, Suharti S. 2018. Towards zero burning peatland preparation: Incentive scheme and stakeholders role. Biodiversitas 
19: 1396-1405. Zero burning during peatland preparation should be implemented to prevent disturbance of its natural biodiversity as 
well as to minimize the triggering factors of forest fire incidents in Indonesia. The objective of the research is to study method and cost 
of peatland preparation, alternative incentive schemes to be applied in order to facilitate zero burning farming as well as to identify 
potential stakeholders involved in the implementation of the incentive. The research was done in Siak District, Riau Province during 
May to December 2016 through field observation and interview. Two groups of respondents interviewed in the research, i.e., peatland 
farmers (40 respondents) and officials of related institutions (32 respondents), who were selected through purposive sampling method. 
The results showed there were three methods of peatland preparation at the research sites practiced by the farmers: (i) Under control 
burning, (ii) Zero burning, manually and (iii) Zero burning, mechanically. Actual cost of zero burning is significantly higher or more 
than two times than that of under control burning method. Therefore, there is a need to provide the smallholders peatland farmers with 
an incentive scheme to support zero burning practice. Margin of cost between zero burning (manually) and under control burning of 
peatland preparation methods is recommended to be used as standard for incentive. The incentive should be in the form of compulsory 
programs and applied gradually to assure zero burning peatland preparation widely implemented. Potential stakeholders involved and 
their commitment to implement the incentive scheme should be encouraged. 

Keywords: Burning and zero burning technique, incentive scheme, peatland preparation, stakeholders 

INTRODUCTION 

Indonesia has about 14.9 million ha of peatland 
spreading across three big islands, i.e., Sumatra, 
Kalimantan and Papua (BBPPSDLP/Balai Besar Penelitian 
dan Pengembangan Sumber Daya Lahan Pertanian 2011), 
which was reported to be the country having the largest 
peatland area throughout Southeast Asia (Noormahayu et 
al. 2009). However, it was also reported that 6.6 million ha 
of swamp forest and peatland in Sumatra and Kalimantan 
are in degraded condition (Miettinen and Liew 2010). 
Furthermore, Badan Litbang Pertanian (2013) reported that 
degraded peatland in Sumatra was about 2.5 million ha, 
and most of them (1.3 ha) were located in Riau Province. 

Forest and peatland fire occurred almost every year in 
Riau Province, Indonesia has become a major threat of the 
swamp forest and peatland ecosystem thereby deteriorating 
its biodiversity. Murdiyarso and Lebel (2007) and Anwar et 
al. (2010) reported that biomass burning used as a 
sanitation practice mostly linked with land clearing 
activities or preparation of peatland agriculture. Forest and 
land fire in Indonesia are caused by multiple aspects 
covering technical, structural and cultural. The main cause 
behind this havoc was human activities where 95% of fire 
incident triggered by slash and burn practice and human 
neglect (Akbar 2015). Page and Hooijer (2016) concluded 
that to reduce future fire risk as part of wider peatland 
management strategies, land management options should 

be advocated.  
Communities, who are living surrounding forest areas, 

have practiced burning of peatland since long time ago 
because they were convinced that this process will improve 
the peat soil fertility. In addition it is a low cost and easy 
way to clean the land (Murniati et al. 2018). On the other 
hand, Worrall et al. (2010) mentioned that peatland habitats 
are complex mosaics of inter-linked vegetation supporting 
a variety of flora and fauna. By applying prescribed 
burning, it will alter the natural state of peatland by 
contributing to this mosaic and by preventing scrub 
invasion. Furthermore, Ardhana (2016) reported that forest 
fires occurring continuously throughout the year implicated 
in the extinction of species diversity, genetics, and 
ecosystems. Cole et al. (2015) suggested that it is crucial to 
develop management strategies that foster resilience in the 
remaining peat swamp forests and to ensure continued 
provision of carbon storage services. In addition, Saharjo 
(2010) also reported that burning of peat grass produced 
more trace gasses (CO, CH4, N2O, CH3Cl, CH3Br, and 
CH3I) than Imperata grassland and peat soil due to the high 
moisture content of the peat grass.  

Zero burning is becoming an effective approach to 
prevent forest and peatland fire that should be adopted by 
communities, which is beneficial to minimize the triggering 
factor of forest and peatland fire. However, zero burning 
method is predicted to be more expensive. In addition, crop 
yields cultivated on peatland without burning were 
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significantly lower than those of burning (Murniati et al. 
2018). Therefore, an incentive scheme is needed to 
encourage the community to practice zero burning method 
in peatland preparation. Keeping in view, the aim of this 
research was to study method and cost of peatland 
preparation, alternative incentive schemes to be applied in 
order to facilitate farmers to practice zero burning peatland 
preparation, as well as to identify potential stakeholders 
involved.  

MATERIALS AND METHODS 

Study area  
Location of the research was Siak District in Riau 

Province, Sumatra, Indonesia. The Siak District is laid 
from 0º 20’ 49” to 1º 16’ 30” North Latitude and 100º 54’ 

21” to 102º 14’ 59” West Longitude. Siak has tropical 
climate; the air temperature is between 25-32ºC (Central 
Statistics Agency of Siak District 2017). The capital of 
Siak District is Siak Sri Indrapura, about 74 km to the 
North West of Pekanbaru (Capital city of Riau Province). 
The research was done in four villages, namely Tuah 
Indrapura (belong to Bunga Raya Sub-district), Sungai 
Mempura (Mempura Sub-district), Mengkapan (Sungai 
Apit Sub-district) and Dayun (Dayun Sub-district) (Figure 
1). Reasons for choosing those sites were most of the areas 
of the four villages are peatland and there was an incident 
of huge area burned during 2015. Besides that, the research 
was also carried out at 16 institutions in Regional 
Government of Riau, Local Government of Siak and the 
Village Administration. The research was done from May 
to December 2016. 

 
 
 
  

  

 
 
 
Figure 1. Map of the research site, four villages in Siak District, Riau Province, Indonesia (  are research villages: 1. Tuah Indrapura, 
2. Sungai Mempura, 3. Mengkapan, and 4. Dayun) 
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Design of the research 

Definitive research sites were determined through a 
series of discussion with the officials of Forestry Services 
of Riau Province, Natural Resources Conservation Institute 
of Riau as well as Forestry and Estate Services of Siak 
District. Research data was collected by means of field 
observation, in-depth interview and household interview. 
There were two types of respondents, i.e., peatland farmers 
who manage their own peatland for farming; and the 
officials from related institutions having interest in 
peatland management (stakeholders). They were selected 
by using purposive sampling method. There were 40 
respondent farmers and 32 respondent officials coming 
from 16 related institutions. Interview with respondent 
farmers were focused on technique and cost of peatland 
preparation as well as challenges for adopting zero burning 
farming. Based on information on margins between 
burning and un-burning method of peatland preparation 
and also on farmers' difficulties in adopting zero burning 
farming, some alternative incentive schemes were 
formulated. Subsequently, the incentive schemes were used 
as an entry point to discuss and interview with related 
stakeholders in order to explore institutions' roles and 
interest to develop zero burning farming for peatland 
preparation. Secondary data were collected from several 
related institutions, such as Statistics of Riau Province, 
Statistics of Siak District, Forestry and Estate Services of 
Siak District and Environment Services of Siak District.  

Data analysis  
Quantitative and qualitative description of data based 

on technique and cost for peatland preparation as well as 
farmers difficulties in adopting zero burning farming were 
analyzed through cross-tabulation. Mapping based data on 
the prospect of stakeholder roles and their interest in 
implementing the incentive schemes for zero burning 
farming on their level of interest and power from each 
institution was analyzed by using stakeholder analysis 
(Reed et al. 2009).  

RESULTS AND DISCUSSIONS 

Coverage area of forest and land burned in Riau 
Riau Province has total area of 8.92 million ha with flat 

topography. About 3.87 million ha or 43.35% of the area is 
histosol or peatland with organic parent materials. 
Whereas, Siak District has total area of 828,479 ha and is 
dominated by wet land (95%) (Central Statistics Agency of 
Riau Province 2016). According to Direktorat PKHL 
(2017) and World Bank (2014, 2016), there was a huge 
area burned in Riau in the past three years, 2014-2016 
(Table 1). Based on those two data sources, there are 
significant differences in coverage area burned. This might 
be caused by differences in method for data collection and 
criteria in determining burned area. Furthermore, burnt area 
in Riau Province only during January-March 2014 
measured with Landsat 8 images were already 429,155 ha 
(Prayoto et al. 2017). It was also reported that shrub land 

was the most fire-prone land cover, while plantations and 
mangrove forest were the least. Most of the burned area in 
Riau was deforested area expanded by a previous fire or 
created due to the failure of industrial plantations 
development (Gaveau et al. 2014). Although it is easy to 
attribute the source of haze to forest and peatland fire, it is 
more difficult to identify the cause of the fire. Several 
factors such as development of large oil palm plantation 
and slash-and-burn practiced by small farmers due to 
inability to afford mechanical means of land clearing have 
been deemed as the major causes of forest and peatland fire 
in Riau (Musim Mas 2013). 

BLH Siak (2015) reported that coverage area of forest 
and land burned in Siak District during year 2015 was 
2,903 ha. The most widely burned was found in Dayun 
Sub-district (742.5 ha), followed by Bunga Raya Sub-
district (443 ha), Kandis Sub-district (356.5 ha) and Sungai 
Apit Sub-district (279.3 ha) (Figure 2). Musim Mas (2013) 
highlighted that the fire risk was higher compared to the 
past (around 1970s) due to significant change in vegetation 
from drought-resistant natural forests to drought-sensitive 
secondary forests. As population expands, more people 
depend on forests for livelihoods, meaning that more 
people practice slash and burn method to carry out their 
farming, resulting in higher vulnerable fuel. 

 
 

Table 1. Coverage area of forest and land burned in Riau 
Province during year 2014 to 2016 
 

Data source 

Area burned (ha) 

Year 
2014 

Year 
2015 

Year 
2016 

Total in 
three 
years 

Direktorat PKHL (2017 ) 6,301 4,041 1,928 12,270 
World Bank (2014, 2016)  176,000 139,000 N/A - 

  
 
 
 
 

 
 
 
 
Figure 2. Coverage area of forest and land burned in several Sub-
districts of Siak District during 2015. (BLH Siak 2015) (data 
processed) 
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Methods for peatland preparation 
Communities in Siak District, since long time ago, have 

utilized peatland for slash and burn cultivation (especially 
mix garden/kebun and ladang). On the kebun, the 
communities plant estate crops such as palm oil and rubber, 
while on the ladang they plant food crops, for example, 
rice, corn, chili, and some kinds of vegetable. This farming 
system is commonly found in Sumatra Island such as in 
West Sumatra where rubber plant is planted in 
Agroforestry system (Murniati et al. 2001). Due to 
environmental reason, slash and burn techniques especially 
on peatland during land preparation are often deemed as 
main contributors to several problems such as landscape 
degradation and diminishing of household incomes and 
livelihood options (Chokkalingam et al. 2007).  

Regardless of the risks encountered from land 
preparation using fire on peatland, use of burning technique 
in land preparation is still commonly found in many parts 
of the world because it enhances the productivity 
(Simorangkir 2007) and due to its effectiveness and 
cheapness (Purnomo et al. 2017). Thoha et al. (2017) stated 
that fire caused by human activities mostly originated from 
shrubs swamp burning and land clearing for farming, while 
hotspot density was determined by peat depth, land cover, 
accessibility and human activities. However, burning 
method practiced by farmers at the research sites is under 
control, since they do not burn vegetation (small trees and 
shrub) in upstanding circumstances anymore like they had 
practiced before. The small trees were cut down and 
slashed. Meanwhile, the shrubs were cleared in strip line 
and then all biomass were stacked on the certain strip lines. 
When the biomass becomes dry, it will be burned. This 
method is called as under control burning. There were three 
methods of peatland preparation at the research sites 
followed by the farmers are: (i) Under control burning (as 
was explained above). This method of peatland preparation 
was performed by poor farmers who did not apply dolomite 
or agriculture lime and fertilizer as production inputs. (ii) 
Zero burning, manually. The land preparation was 
performed without burning and done manually. The work 
phases covering cut down the small trees and the stump, 
spraying herbicide, and finally clearing the land. This 
method generally was done by middle farmers, who 
applied agriculture lime and fertilizer. (iii) Zero burning, 
mechanically. This method can only be carried out by rich 
farmers, having land more than 10 ha who applied 
agriculture lime and fertilizer. 

Along with the incessant ban of Indonesian 
Government in practicing burning method (mainly on 
peatland) since 2014, considerable part of respondent 
farmers (45%) has practiced zero burning method, either 
manually or mechanically. However, some of respondents 
(32.5%) still use the burning method (under control 
burning) and 15% apply both methods (burning and 
manually zero burning) in the peatland preparation (Table 
2) since they could not afford the higher cost of zero 
burning practice. This is in line with report from Agustira 

and Ranola (2014) that 47.25% of smallholder oil palm 
farmers on peatland in Siak District did not apply zero 
burning in the land preparation.  

There are lots of reasons for the use of fire in land 
preparation, but the most prominent motive is economic 
consideration. There is still the impression that fires are the 
cheapest, quickest and most effective method of land 
preparation with additional nutrition benefits from ash 
residue (Simorangkir 2007). This is in line with farmers’ 
opinion at the research site where 83% of respondents 
confirmed three reasons why they apply burning in 
peatland preparation, as reported by Murniati et al. (2018), 
i.e., (i) It is an easy way and it requires less labor. (ii) It is a 
cheap way or a low-cost method. (iii) It can reduce peat 
soil acidity and increase peat soil fertility, thereby 
application of agriculture lime and fertilizer were not 
necessary. 

Despite the above advantages of using fire in peatland 
preparation, however, there are some others factors urge us 
to apply zero burning technique. As mentioned by Prayoto 
et al. (2017), peatland has an important function in the 
provision of ecosystem services such as carbon sink, 
climate regulation, water supply, biodiversity, and others. 
Recurrent fires in the peatland, have changed peatland 
functions from carbon sequestration to carbon emission, 
causing severe environmental and economic problems. 
Study on impacts of burning management on peatland, 
Worral et al. (2010) mentioned that burning actually leads 
to a perpetuation of the heather-dominated vegetation and 
cycle of having to reburn it. In addition, Turetsky et al 
(2011) reported that interactions between peatland drainage 
and fire are likely to cause long-term carbon emissions to 
far exceed rates of carbon uptake, diminishing the northern 
peatland carbon sink. Therefore, burning technique should 
be impeded and zero burning method should be 
implemented widely in peatland preparation to avoid 
changing of peatland function.  

Cost of peatland preparation 
The three methods of peatland preparation practiced at 

the research site require different cost. Cost of each method 
was calculated based on number of labor needed, and 
production means applied using the present price in 
Indonesian Rupiah (IDR) (Table 3). 
 
 
Table 2. Peatland preparation methods are done by respondent, 
especially in establishing area for plant cultivation at the research 
site (Murniati et al. 2018, modified) 
 
Land preparation methods  Number of 

respondents 
Percentage 

(%)  
Under control burning 13 32.5 
Zero burning, manually 16 40 
Zero burning, mechanically (use 
heavy machine: excavator) 

2 5 

Under control burning and zero 
burning (manually) 

6 15 

No data available 3 7.5 
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Table 3. Average cost of peatland preparation according to method used at the research site 
 

Peatland preparation method 
Average cost (IDR/ha) 

Practised by Peatland preparation 
Additional cost* Total cost 

Labor Herbicide 
Under control burning (n=13)  1,465,000 - - 1,465,000 Poor farmers 
Zero burning, manually (n=16) 2,030,000 320,000 1,000,000 3,350,000 Middle farmers 
Zero burning, mechanically (n=2) 5,500,000 - 1,000,000 6,500,000 Rich farmers 
*Note: Cost for production means (agriculture lime and fertilizer) 
 
 

  
The average cost needed to prepare agriculture peatland 

through under control burning method is IDR 1,465,000,-
per ha or about US$ 110.09 ( 1US$ ≈ 13,307 IDR). The 
cost was spent to pay labor wage for cutting down and 
slashing small trees, clearing the shrub, stacking all 
biomass on the certain strip lines, and burning the dry 
biomass. The average cost for land preparation using zero 
burning method and manually was IDR 3,350,000,-per ha 
or about US$ 251.75. It covers labor wage in order to cut 
down and slashed the small trees and stumps, buying and 
applying herbicide and clearing the land as well as buying 
agriculture lime and fertilizers. Application of zero burning 
method by using heavy machine (excavator) requires 
highest cost, i.e. IDR 6,500,000,-per ha or about US$ 
488.46, mainly to pay excavator rent and wage of the 
operator as well as buying agriculture lime and fertilizers. 
As shown in Table 3, actual cost of zero burning is 
significantly higher or more than two times than that of 
burning method (in this case it is under control burning). 
SIIA (2017) concluded that improving peatland 
management practices is not simply about reducing 
negative impacts, but also improving the livelihoods of 
millions of small-scale farmers. Such farmers generate 
barely enough income to survive, with the additional costs 
and difficulties of planting on peatland, having a major 
limiting factor. Therefore, in order to promote zero burning 
farming practice, various incentive schemes should be 
offered for the peatland farmers. 

 Data on Table 3 indicated that margin of cost in 
preparing agriculture peatland between zero burning 
(manually) and under control burning was IDR 1,885,000,-
or about US$ 141.65. This cost margin is recommended to 
be used as standard for incentive that should be provided 
for poor farmers who are willing to practice zero burning of 
peatland preparation as a compensation. The incentive is 
recommended to be realized in the form of empowerment 
program, and it will be discussed in Chapter III.E. 

Some strengths and weaknesses of zero burning 
peatland preparation  

There are some studies mentioning several benefits by 
practicing zero burning instead of burning in agriculture 
peatland preparation. Some strengths and weaknesses of 
zero burning technique in peatland preparation will be 
elaborated below.  

Strengths of zero burning peatland preparation 
Many studies suggest that zero burning has been 

capable of reducing greenhouse gas emissions, especially 

for CO2 (ASEAN 2003). By applying mechanical clearing 
instead of burning in land preparation, could prevent 
carbon release as well as dissolved carbon particles 
(Chantuma et al. 2012). Indonesia’s peatland stores a huge 
amount of carbon up to 60 billion metric tons, which makes 
it a virtual carbon bomb. Globally, the amount of carbon 
held in tropical peat is around 88.6 billion metric tons. If all 
this carbon were released into the atmosphere as carbon 
dioxide it would the same as burning all proven oil reserves 
from Saudi Arabia, Venezuela, Canada, Russia, and the 
United States (Talocci, 2014). Forest fires across Indonesia 
have caused a smoky haze to shroud the neighboring 
countries like Singapore and Malaysia prompting safety 
fears over pollution. In 2013, the haze index is very high in 
Singapore and Malaysia which is under the category 
‘hazardous and unhealthy” for the first time in the 
country’s history (Palanissamy, 2013). Peat fires and the 
release of carbon from peat and forests in Indonesia is the 
third largest greenhouse gas emitting country, after the US 
and China. Subsequently, research done in Singapore, 
Malaysia and northern part of Indonesia (Riau Province) 
about greenhouse gas emissions from the fires using 
measurements on the ground combined with satellite 
observations concluded that more than 884 million tons of 
carbon dioxide was emitted in the region during 2015, with 
97 per cent originating from forest fires in Indonesia. Thus, 
the regional carbon dioxide emissions from the fires were 
11.3 million tons per day in September and October 2015, 
more than the 28-nation EU's daily emissions of 8.9 million 
tons during the same period (The Straitstimes 2016). 
Moore et al (2013) reported that total fluvial organic 
carbon flux from disturbed peat swamp forest caused by 
deforestation, drainage and fire, is about 50 per cent 
larger than that from intact peat swamp forest.  

Prior to zero burning policy has been widely 
campaigned, many studies had revealed that the burning 
ash can increase the availability of soil nutrients rapidly 
(Juo and Manu 1996). Research from Murniati et al. (2018) 
also confirmed that the burning ash increase phosphor (P) 
availability of peat soil. However, only within a short 
period, a number of these nutrients will quickly disappear 
through erosion and run off or leaching. Although erosion 
and run off in peatland nearly zero, the nutrient could loss 
through leaching using drainage that usually be made to 
support plant cultivation. Subsequently, Wong (2016) 
argued that mechanical technique applied in land 
preparation which is done by compressing peat into a 
smaller volume using mechanical equipment instead of 
burning technique could decrease the size of the pore 
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spaces within the peat soil reducing the amount of oxygen 
in the peat soil and hence the flammability of peatland. 
Furthermore, zero burning during land preparation could 
also restore nutrients through the decomposition of residual 
plant biomass (stumps and residual harvest), although 
nutrients returned are not as fast as if it is returned by 
burning ash (Simorangkir 2007). Therefore, applying zero 
burning technique during land preparation will not bring 
negative impact on the growth of the plant (Kheong 2011). 

From biological aspects, land burning will directly 
reduce the population of soil microorganisms rapidly, as a 
result of temperature increase around burning area, whereas 
the indirect effect of burning is the long-term change in the 
environment affecting the biological life of the soil which 
is very harmful for the biological diversity (Verma and 
Jayakumar 2012). This argument is in line with the study 
from Adeniyi (2010) who reported that the number of soil 
microorganisms on burning forest land decline and begin to 
increase on the 42nd day after burning, but the population 
has not been able to match the unburned land. Preventing 
the use of fire during land preparation would considerably 
avoid the decline of soil microorganism population.  

Weaknesses of zero burning peat land preparation  
In spite of supports for zero burning land preparation, it 

also has some weaknesses in its application.  
Related with economic consideration, Simorangkir 

(2007) argued that for large-scale land clearing when 
applied to high-volume vegetation, zero burning remains 
more expensive compared to burning due to difficulties in 
disposing of high-volumes of wood mechanically. 
Therefore, in commercial plantations, this land preparation 
technique is considered impractical, since it takes time and 
number of tractor works hours more than that of land 
preparation with burning. 

However, apart from several regulations upon burning 
activities during peatland preparation used in Malaysia and 
Indonesia, it is still plagued by risk of large-scale burning 
on those areas due to rapid growth in agricultural sector, 
other changes in land use activities and lack of 
enforcement. Additionally, the over-generalized forest 
protection provisions enacted in 1984 National Forestry 
Act are found to have gaps that need amendment in 
Malaysia and also in Indonesia (Kamaruddin et al. 2017).  

From the above description, despite some advantages 
and disadvantages of zero burning practices and 
considering the very high burning risk, zero burning 
technique is a much safer in the peatland preparation. 
However, in its implementation, it requires actual support 
from related stakeholders especially to provide 
incentive/reward for those who are willing to practice zero 
burning as well as compensation of cost increase in 
peatland preparation. Furthermore, intensive socialization 
about zero burning practice should be given to all parties 
who concern with sustainable peatland management.  

Incentive needed for zero burning peatland farming 
system and its alternative scheme 

The interference of government and related 
stakeholders in the implementation of a program such as 

sustainable land use campaign can have a positive impact 
on the success of its implementation (Girling and Bauch 
2017). Similarly, the support of government and relevant 
stakeholders for the community groups are also required to 
encourage the wide implementation of zero burning 
peatland preparation. The support provided is an incentive 
for their willingness to practice the program being 
developed.  

A study carried out in Pelalawan, Indragiri Hulu and 
Indragiri Hilir, Riau Province by Rohadi (2017) revealed 
that it is difficult for the farmers to follow the 
Government's zero-burning policy on peatland. As a result, 
a number of landowners decided to leave their farms as 
their harvest could not compensate the high production cost 
for land preparation. In this situation, the abandoned lands 
create a higher risk of wild fires during the dry season due 
to the build-up of biomass from the bush. To resolve the 
problem, Rohadi (2017) suggested that there should be a 
flexible approach in the implementation of zero-burning 
policy on peatland so as not to harm small farmers in the 
long run. Genuine farmers should be allowed to implement 
controlled land burning. Traditional community wisdom 
makes it possible to apply the technique with the guidance 
of government officials in the field. Furthermore, as 
compensation from the farmers' efforts in applying zero-
burning in land preparation, adequate incentives should be 
provided. Agustira and Ranola (2014) also stated that there 
is a need to provide incentives for smallholders farmers in 
implementation of sustainable oil palm plantations on 
peatland since the current situation of the plantations in 
Siak District, Riau Province is leads to greater social cost 
than social benefit. 

Actually, incentives are key to attracting and 
maintaining participation in community based natural 
resource management initiatives. Giles et al (2014) argued 
that financial incentive interventions was significantly 
effective for encouraging community behaviour change as 
expected. Incentives which is meant to modify behavior 
can in some cases be cost effective (Gneezy et al. 2011). 
However, incentives can not work at people do not know 
about them, if they are inappropriate or if they are 
delivered in insuffisien quantity (Suich 2012).  

Incentives/disincentives are not merely rewards or 
punishments, but it related with positive or negative 
changes in outcomes that will be produced from an action 
which is done by certain rules both in the physical and in 
social contexts (Ostrom et al. 1994). Incentives will 
effectively influence outcomes when it is applied in an 
established institution and conducive environment. In its 
implementation, Government and related stakeholders can 
play a big role to initiate incentive scheme. But, would the 
Government be ready and commit to create enabling 
environment for providing such incentives for the community?  

There is various incentive scheme might be applied 
such as subsidies and soft loans, agricultural means, 
livestock or tree seedlings and various training facilities for 
capacity building. However, many studies confirm that 
economic incentives produced larger and persistent effects, 
which induced habit formation after the final interventions 
(Ito et al. 2018). One example of incentive provided by 
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Wetland International for participatory restoration and 
conservation of mangrove in Pesantren Village, Pemalang 
District, Central Java Province was bio-right scheme 
(Suharti 2017). The incentive scheme is implemented 
through funding mechanisms as one strategy to 
accommodate efforts to increase economic benefits of 
mangrove resources and to prevent counterproductive 
activities to the environment through restoration and 
conservation actions (Eijk and Kumar 2008). Through bio-
rights scheme, besides gaining financial benefits, villagers 
also received other benefits such as improvement of 
environmental conditions, e.g., widespread mangrove 
plantation and improvement in land productivity.   

In developing zero burning technique campaign, the use 
of excavator in peatland preparation is costly. Hence it is 
difficult to apply within an incentive scheme. Therefore, 
there is a need for an alternative technology that can be 
utilized for peatland preparation and the answer for this is 
by providing lightweight land processing tools at 
affordable prices. Lightweight peatland processing tools 
can be obtained through modification of the transplanter 
machine into a hijacking machine, and its price ranges from 
20 to 40 million rupiah per unit (Sinaga PH 2015: personal 
communication). If in one village it can be provided as 
many as 10 units with a cost of 200 to 400 million rupiahs, 
it will be sufficient to be utilized interchangeably by 
farmers. Subsequently, because it involves a lot of costs, 
the support from related stakeholders to facilitate incentive 
scheme development for zero burning techniques 
tremendously needed.   

Furthermore, incentive scheme for zero burning 
practice should be in the form of beneficial programs 
enabling farmers to prepare unburn farming. This is in 
accordance with several complains revealed by farmers 
(especially middle-low farmers) who have difficulties in 
processing their peatland without burning. They need 
technical guidance and assistance as well as provision of 
equipment and production facilities. The program should 
be implemented gradually, starting with the preparation or 
precondition of the community (peatland farmers) through 

socialization and raising awareness of the community to 
prepare land without burning. Further training and 
technical guidance, supply of peatland processing 
equipment, subsidized production facilities, especially 
agricultural lime (dolomite) and NPK fertilizer should be 
provided for the community.  

Potential stakeholders involved in incentive 
implementation  
Identification of stakeholders for incentive schemes 
implementation  

Stakeholders are individuals, or groups, or institutions 
that may be affected by the execution of an activity/ program, 
whether positive or negative, or otherwise affecting the 
outcomes of an activity/program (Reed et al. 2009). Each 
stakeholder has different interests, needs and perspectives 
and should be well managed, so that the targets to be 
achieved can be realized (Shandas and Messer 2008; 
Sandra 2009; Rajablu et al. 2014). Stakeholder analysis is 
an essential part of stakeholder management (Jepsen and 
Eskerod 2009). In turn, stakeholder engagement in a new 
program/project activities includes communicating with, 
involving and developing relationships among the 
stakeholders (Chinyio and Akintoye 2008; Missonier and 
Fedida 2014).  

Stakeholders related to the implementation of incentive 
schemes to prepare zero burning peatland preparation 
should be identified in order to know: (i) the interests and 
influence of related stakeholders; (ii) local institutions and 
its institutional strengthening efforts; and (iii) community 
participation model that needs to be prepared. On the basis 
of field observations and interviews with a number of key 
informants, there are 16 institutions related with the 
implementation of incentive schemes for unburn peatland 
farming. Subsequently, series of in-depth interviews 
involving 32 respondents had been conducted in order to 
attain detailed description about them and their prospect of 
involvement in the incentive scheme implementation 
(Table 4). 

 
 

Table 4. Institution and number of respondents interviewed for their prospect of involvement in incentive scheme implementation  
 

Name of Institution Number of respondents 

Forestry Service of Riau Province (Dishut Prov) 4 
Center for Natural Resource Conservation of Riau (BBKSDA Riau) 1 
Forestry and Estate Crops Service of Siak District (DishutbunKab) 3 
Regional Development Planning Board of Siak District (BAPPEDA) 2 
Agriculture Service for Food Crop and Horticulture of Siak District (Distan Pangan & Horti)  2 
Implementing Agency for Extension and Food Security of Siak District (BP2KP)  2 
Environment Agency of Siak District (BLH) 3 
Cooperatives, Industry and Trade Service of Siak District (Diskoperindag) 2 
Agency for Community Empowerment and Village Government of Siak District (BPMPD) 1 
Riau University (UNRI) 1 
Forest Management Unit of Tasik Besar Serkap (KPH)  2 
Timber Plantation Company of Arara Abadi (TPCAA) 1 
Institute for Agricultural Technology Assessment of Riau Province (BPTP Riau) 2 
Community Forestry Communication Forum of Riau Province (FKKM Riau) 2 
Village Government (Pemdes) 3 
Joint Farmer Groups (Gapoktan) 1 
Total  32 
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Figure 3. Result of stakeholders mapping in the implementation 
of incentive scheme for unburn peatland preparation 

 
 

Analysis of prospect for stakeholder involvement in 
incentive schemes  

Stakeholder analysis is conducted by interpreting 
matrix of stakeholder's interest and influences/power on the 
implementation of incentive schemes by using grid 
stakeholders with the help of Microsoft excel. Scoring 
results on the importance and influence/power of each 
stakeholder are clustered according to its indicator and then 
mapped on the x-axis (interests) and the y-axis (influence) 
to form the coordinates. By classifying the level of 
influence/power and interest into two, i.e., low and high, it 
will form four quadrants. Position of quadrant could 
describe level of influence/power and interest of each 
stakeholder. Those four quadrants are: (i) Quadrant I: 
Stakeholders with high level of power/influence and low 
level of interest. (ii) Quadrant II: Stakeholders with high 
level of both power/influence and interest. (iii) Quadrant 
III: Stakeholders with low level of power/influence and 
high level of interest. (iv) Quadrant IV: Stakeholders with 
low level of both power/influence and interest. 

The result of stakeholder mapping based on the power 
and interest scores is shown in Figure 3. It can be seen 
from Figure 3, that stakeholders with low interest but high 
powers are BAPPEDA and BP2KP of Siak District. These 
two stakeholders according to Reed et al. (2009) are 
classified as Context setters (Quadrant I). Stakeholders 
with high interest and influence (power) are classified as 
Key Players (Quadrant II). Key Players can be interpreted 
as a major player in the implementation of incentive 
schemes. These institutions have great authority to 
facilitate the implementation of incentive scheme and 
issuing rules related to it. Stakeholders classified as key 
players in this study were Environment Agency of Siak 
District (BLH), Forestry and Estate Crops Service 
(DishutbunKab), Forest Management Unit of Tasik Besar 
Serkap (KPH), Institute for Agricultural Technology 

Assessment of Riau Province (BPTP Riau), Riau 
University (UNRI), Cooperatives, Industry and Trade 
Service of Siak District (Diskoperindag), Private company 
(TPCAA) and Joint farmer groups (Gapoktan). Generally, 
universities have high interests, but their influence is low . 
However, in this case, both indicators are equally high. It 
might because the university is very much involved in the 
process of transferring science and technology to the 
parties concerned, hence it could directly influence others 
in making decision-related with incentive schemes for 
unburn peatland preparation. Stakeholders in Quadrant II 
have great importance and authority, due to some factors, 
i.e., (i) having human resources concerning with unburn 
peatland, (ii) retaining high mobility, and (iii) capability of 
instigating incentive schemes.   

Stakeholders with high interest but low power/influence 
are classified as Subjects (Quadrant III). Subjects can be 
interpreted as an organization concerning with activities of 
unburn peatland preparation although they do not have the 
authority to influence or formulate regulations. 
Stakeholders with “subjects” characteristics have low 
capacity in achieving objectives, but they can be influential 
by forming alliances with other stakeholders (Reed et al. 
2009). Stakeholders belonging to the “subjects” are Center 
for Natural Resource Conservation of Riau (BBKSDA 
Riau), Community Forestry Communication Forum of Riau 
Province (FKKM Riau) and Village Government (Pemdes). 
Although, having low power/influence, in implementing a 
new program/regulation, stakeholders with “subject” 
characteristics should be well informed.  

Subsequently, stakeholders with low interest and low 
power (Quadrant IV) are classified as Crowd. Stakeholder 
engagement in a new program/regulation is generally 
under-considered because interests and power/influences 
tend to change over time (Reed et al. 2009). Stakeholders 
classified as “crowds” in this study were Forestry Service 
of Riau Province (Dishut Prov), Agency for Community 
Empowerment and Village Government of Siak District 
(BPMPD) and Agriculture Service for Food Crop and 
Horticulture of Siak District (Distan Pangan & Horti).  

Result from stakeholder analysis has indicated that 
there are a lot of stakeholders having enough power and 
interest to initiate and implement incentive scheme in zero 
burning peatland technique like Environment Agency of 
Siak District (BLH), Forestry and Estate Crops Service 
(DishutbunKab), Forest Management Unit of Tasik Besar 
Serkap (KPH), Institute for Agricultural Technology 
Assessment of Riau Province (BPTP Riau), Riau 
University (UNRI), Cooperatives, Industry and Trade 
Service of Siak District (Diskoperindag), Private Company 
(TPCAA) and Joint farmer groups (Gapoktan). However, 
since incentive scheme will be related closely to funding 
issue, there is a need of synergic coordination and 
cooperation among related stakeholders. This is meant to 
ensure that the allotment of roles and responsibilities 
among related stakeholders in the implementation of 
incentive schemes could be carried out properly.   

In conclusion, although since 2014 the Indonesian 
government has strictly banned the use of fire to clear 
peatland areas for agriculture to tackle the ongoing disaster 
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of fires and haze that menace human health and the 
environment, some respondents (especially middle-low 
farmers) still use under control burning technique in 
peatland preparation. Main consideration underlying it is 
due to actual cost of zero burning which is significantly 
higher or more than two times than that of burning method 
(in this case it is under control burning). Therefore, as 
compensation for the farmers' efforts in applying zero 
burning in land preparation, adequate incentives should be 
provided especially for the middle-low farmer. Cost margin 
between burning and zero burning technique of peatland 
preparation should be used as a standard for the incentive. 
The incentive scheme for certain peatland farmers should 
be in the form of programs enabling them to prepare zero 
burning farming. The program should be implemented 
gradually, starting with the preparation or precondition of 
the farmers, training and technical guidance, supply 
lightweight peatland processing tools and subsidized 
production means, especially agricultural lime, and NPK 
fertilizer. Implementation of the incentive scheme to 
support zero burning peatland preparation should be 
initiated immediately through establishment of 
demonstration plot (demonstration activities) at village 
level. Potential stakeholders involved and their 
commitment to implement the incentive scheme should be 
encouraged, especially commitment from BAPPEDA of 
Siak District to allocate funding for stakeholders who 
concern with zero burning peatland preparation.  
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Abstract. Febriyani E, Falah S, Andrianto D, Lastini T. 2018. Identification of active compounds and anti-acne activity from extracts 
and fractions of surian (Toona sinensis) leaves planted in Sumedang, West Java, Indonesia. Biodiversitas 19: 1406-1412. Surian or toon 
(Toona sinensis Merr) leave is one of the herbs containing many bioactive compounds as potential sources of anti-acne agents. The aim 
of this work is to identify and evaluate the anti-acne activity of Surian leaves extract and fractions against acne bacteria. Crude extracts 
of Surian leaves from various solvents (methanol, ethanol, and ethyl acetate) were screened for their antimicrobial activity using disc 
diffusion. The results showed that ethyl acetate extract demonstrated the highest inhibition against Propionibacterium acne (49.93%), 
Staphylococcus epidermidis (57.14%), Staphylococcus aureus (18.93%), and Eschericia coli (82.03%). The results of Brine Shrimp 
Lethality Test (BSLT) showed that the methanol extract had the highest cytotoxicity of LC50 at 29.76 μg/mL. The extract was then 
fractionated using column chromatography, resulted in 6 fractions. The fraction 3 showed the best antibacterial effect against P. acne 
(28.27%), S. epidermidis (7.38%) and S. aureus (10.38%). Minimum inhibitory concentration (MIC) and minimal bactericidal 
concentration (MBC) test were carried out using liquid dilution, whereas dimethyl sulfoxide (DMSO) and Clindamycin were used as a 
negative and positive control, respectively. The MIC and MBC test assays of fraction 3 varied for different bacteria P. acne bacteria 
(5000 and 5000 ppm), S. aureus (1250 and 10000 ppm), E. coli (2500 and 5000 ppm), while for S. epidermidis the fraction 3 was able to 
inhibit with MIC value of 5000 ppm. Based on microscopic observation using Scanning Electron Microscope (SEM), the fraction 3 at 
the dose of 5000 ppm could promote the cellular destruction of P. acne. Further experiment using Liquid Chromatography-Tendem 
Mass Spectrometry (LC-MS/MS) showed various compounds associated with the anti-acne activity of the fraction 3, such as 
pheophorbide a, pheophytin a and dihomo-γ-linolenic acid. 

Keywords: Antibacterial, ethyl acetate extract, Propionibacterium acne, surian leaves 

INTRODUCTION 

Pimple (acne vulgaris) is regarded as the commonest 
skin disorder and constitutes a chronic inflammatory 
disease in pilosebaseus. It is caused by several factors such 
as excessive sebum production, keratolytic, as well as 
bacterial activity from P. acne, S. aureus, S. epidermidis, 
and E. coli. Without proper treatment, pimple could cause 
infection that promotes painful ulcer and suppuration. The 
use of chemicals such as Clindamycin antibiotic, benzoyl 
peroxide, and sulphur soap is commonly used for pimple 
treatment. However, topical and oral antibiotic for acne 
may cause resistance, while the use of chemical treatment 
also induces irritation, pruritus, and exfoliation. Therefore, 
acne treatments using natural agents from medicinal plants 
are considered to have beneficial impacts to health in term 
of safety and harmful side effects (DGPMD MoH 2006).  

Health treatments using medicinal plants have been 
implemented for thousand years ago, from generation to 
generation across the globe. The numerous studies on 
medicinal plants have offered a great contribution to the 
development of traditional medicine. Like other countries 
such as China, Korea, and India, Indonesia is reported to be 

one of the greatest medicinal plant users due to its high 
biodiversity. The Indonesian tropical forest is rich in 
various medicinal plants. Surian (Toona sinensis Merr) is 
one of the most interesting plants for traditional medicine 
(MoH 2016). 

Surian is classified as a member of Meliaceae and 
widely studied for its antioxidant, anticancer, pesticide, 
antifungal, and antibacterial properties. The surian is 
considered in our experiment since most parts of the plant 
(seed, bark, root, stalk, and leaf) are used for traditional 
medicine in some countries (Shu et al. 2008). Various 
studies on Surian plants have been developed for both 
industrial and pharmaceutical sectors. Suhatri et al. (2014) 
found that ethyl acetate fraction of Surian leaves at a dose 
of 50 mg/kg body weight showed a desirable protective 
effect on aortic endothelial cells of male quail for 
atherosclerosis disease. The ethanol extract of Surian 
leaves contained alkaloid, flavonoid, polyphenol, and 
terpenoid that could show antioxidant activity at IC50 of 4.8 
ppm (Yuhernita and Juniarti 2011). Falah et al. (2015) 
reported that phytochemical compounds in Surian leaves 
extracts included alkaloid, triterpenoid, flavonoid, tannin, 
phenol, and steroid. The minimum inhibitory concentration 
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of methyl gallate isolated from Surian leaves against E. coli 
and S. aureus was 7.5 mg/mL (Ekaprasada et al. 2015).  

The objective of this study was: (i) To evaluate the 
cytotoxicity of extracts and natural compounds using 
BSLT; (ii) To evaluate anti-acne activity of Surian leaves 
extracts and fractions against acne bacteria (P. acne, S. 
epidermidis, S. aureus, and E. coli), (iii) To observed the 
bacteria cellular destruction microscopically using SEM; 
(iv) To identify active compounds associated with anti-
acne activity using LC-MS/MS. 

MATERIALS AND METHODS 

Extraction of surian leaves  
Leaves of Surian plant were used in this study. The 

leaves were taken from plants (age >30 years) in 
Rancakalong, Regency of Sumedang, West Java, 
Indonesia. Surian leaves were washed using water and 
dried using the solar heat. The dried samples then were 
crushed using a blender and sieved (60 mesh) to obtain a 
leaf powder. Various solvents (ethanol, methanol, and ethyl 
acetate) were used to extract the leaf powder. The leaf 
powder was macerated using the solvent (1: 10 w/v) and 
shaken at 150 rpm for 24 h. The filtrate was then 
evaporated using rotary vacuum evaporator at 50 °C and 50 
rpm.  

Brine Shrimp Lethality Test (BSLT)  
The cysts of Artemia salina were hatched in seawater 

(100 mL) for 48 h. The larvae (10 individuals) was 
transferred into a test tube and added with 1 mL sample 
solution with different concentrations (5–1000 ppm) at 
triplicates. After 24 h of incubation, the dead and living 
larvae were counted and analyzed for determination of 
LC50 using Probit analysis at a confidence level of 95%. 

Fractionation using Column Chromatography  
Twenty grams of silica gel G60 (230 mesh) (Merck) was 

transferred into the column and followed by constant 
agitation to remove bubbles. The mobile phase was a 
mixture of n-hexane : ethyl acetate (ratio from 50: 0 (v/v) 
to 0: 50 (v/v)), while static phase was silica gel. The Surian 
leaves extract (1 g) was injected into the column. The 
eluent was collected in 10-ml vial tube and followed by 
Thin Layer Chromatography (TLC) analysis. Fraction spots 
with similar Rf were collected and evaporated using rotary 
vacuum evaporator. 

Determination of antibacterial activity using disc 
diffusion 

The bacterial isolates were cultured in the sterilized 
medium. All glassware and medium are sterilized using an 
autoclave (Tomy Model Es 314; 121C; 1 atm). The E. coli 
ATCC 25922 and S. aureus ATCC 25923 bacteria were 
cultured in Nutrient Broth (NB) Sigma medium for 24 h, 
the P. acne ATCC 11827 was in Brain Heart Iinfusion 
(BHI) Broth Sigma medium for 72 h under anaerobic 
condition, and S. epidermidis (local bacterial obtain from 
Laboratory of Microbiology, Bogor Agricultural 

University) was in BHI medium for 24 h in aerobic 
condition. The Nutrient Agar (NA) Sigma and BHI Agar 
(15 mL, 45 oC) were poured into a sterile petri dish. The 
bacterial suspension (20 μL) was dropped over the media 
and spread using spreader glass. Paper disc (previously 
exposed to 20 μL sample at a concentration of 10000 ppm 
were prepared by dissolving in dimethyl sulfoxide (DMSO 
20%)) was planted in the media. DMSO 20% was used as 
the negative control while Clindamycin 20 ppm was used 
as the positive control. Antibacterial activity was 
determined by measuring a clear zone of inhibition around 
the paper disc. 

Determination of MIC and MBC 
The MIC and MBC determination followed a method of 

Batubara et al. (2009) and modification of Arung et al. 
(2017). Each well of a sterile 96-well plate contained sterile 
liquid medium (95 μL), sample (100 μL, serial 
concentration diluted in dimethyl sulfoxide DMSO 20%, 
with the final concentration ranging from 78.125 ppm to 
10000 ppm) or control (100 μL) and 5 μL 10-2 CFU/mL of 
bacterial suspensions. The microtiter plate was incubated at 
37oC for 24 hours (for E. coli, S. aureus, and S. 
epidermidis) and P. acne was incubated for 72 hours under 
anaerobic condition. Extract concentration at which there 
was no bacterial growth was determined as MIC. The 10 
μL of each medium with no detectable bacterial growth 
was inoculated in 100 μL fresh medium. The concentration 
at which there was no bacterial growth after the second 
inoculation was determined as the MBC. DMSO 20% was 
used as the negative control while Clindamycin was used 
as the positive control. This experiment was performed at 
triplicates. 

Microscopic analysis using SEM  
The best result of MIC experiment was further observed 

using Scanning Electron Microscope (SEM) Type JSM 
5000 to evaluate destruction of bacterial cells. The bacterial 
cells were fixed in 2.5% glutaraldehyde on 0.1 M 
phosphate-buffered saline (PBS) for 4 hours. The samples 
were washed four times with PBS, followed by twice rinses 
with distilled water, then dehydrated in ethanol solutions of 
60%, 70%, 80%, 90% and three times in 100%, for 10 min 
each. Afterward, the samples were dried in a freeze‐dryer 
for a period of 48 h and subsequently warmed at room 
temperature overnight. The samples were coated using Pt 
and Au to protect sample during scanning. 

Identification of bioactive compounds using LC-MS/MS 
Sample solution (5µL) at concentration of a1000 μg/mL 

was injected to LC-MS/MS and run at 0.2 mL/min. The 
LC-MS/MS instrument used in this study was LC System 
Ultra Performance Liquid Chromatography and Mass 
Spectrophotometry Electrospray Ionization. The analysis 
was performed for 23 min at 50C. 

Data analysis 
Determination of LC50 in BSLT used Probit analysis 

using Statistical Package for Social Science (SPSS) 21 at 
confidence level of 95%. The antibacterial activity for each 
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microorganism was analyzed using one-way analysis of 
variance (ANOVA). P value < 0.05 was considered as 
significant. Minitab 16.0 was employed for statistical 
analysis. 

RESULTS AND DISCUSSION 

Cytotoxicity test 
The Probit analysis showed that methanol extract of 

Surian leaves demonstrated cytotoxicity at LC50 of 
29.76±1.21 mg/mL, while LC50 of ethanol 96% and ethyl 
acetate extract was 45.41±13.96 mg/mL and 571.32±12.95 
mg/mL, respectively. The lower LC50 indicates, the higher 
cytotoxicity meaning that the samples have higher 
bioactive compounds. 

Antibacterial properties 
Crude extracts of surian leaves 

Ethyl acetate extract of Surian leaves demonstrated the 
highest antibacterial activity (Table 1) inhibiting the 
growth of P.acne (49.93±0.01%), S.epidermidis 
(57.14±0.10%), S.aureus (18.93±0.34%), and E.coli 
(82.03±0.00%). On the contrary, the lowest antibacterial 
activity was attributed to methanol inhibiting the growth of 
P.acne (20.99±0.00%) and E.coli (66.93±0.23%), while 
ethanol extract is the lowest antibacterial activity for 
S.epidermidis (37.30±0.12%) and S.aureus (10.29±0.30%). 
The crude extract of Surian leaves had a significant 
(p<0.05) effect to antibacterial activity.  

Fraction of surian leaves 
The strongest antibacterial activity was showed by the 

ethyl acetate extract of Surian leaves compared to methanol 
and ethanol extracts (Table 1). The extract was then 
fractionated using column chromatography with n-hexane: 
ethyl acetate as mobile phase and silica gel G60 Merck as a 
static phase. The separation technique was based on the 
distribution of components within the static phase and 
mobile phase due to the different physical properties of the 
component. The separation mechanism using column 

chromatography with n-hexane as the mobile phase, a polar 
Surian leaves active compounds will be attracted to the 
stationary phase (silica gel) by hydrogen bonding. As a 
result, polar compounds will move very slowly, while non-
polar compounds will move quickly out of the column 
because it was bound by the phase of motion that was non-
polar. Furthermore, the separation was followed by a more 
polar solvent to separate and push the polar compounds out 
of the column. After separation, 39 eluates were obtained 
and collected in the vial tubes. They were then analyzed 
using TLC and observed under UV light of 254 nm. The 
eluates were grouped according to retention time (Rf), 
resulting in 6 fractions (Table 2).  

The highest antibacterial activity of Surian leaves 
fractions inhibiting the growth of P. acne was fraction 3 
(28.27±0.02%), fraction 4 (10.33±0.01%) and fraction 5 
(2.13±0.01%). Meanwhile, the strongest antibacterial 
activity against S. epidermidis was attributed to fraction 3 
(2.70±0.01%), 5 (12.46±0.01%), and 6 (13.17±0.01%). 
Furthermore, S. aureus was strongly inhibited by fraction 2 
(9.01±0.01%), 3 (10.38±0.01%) and 6 (7.61±0.00%), while 
no inhibition activity was found for E. coli (Table 2). The 
fractions had a significant (p<0.05) effect to the 
antibacterial activity of P. acne, S. epidermidis, and S. 
aureus. Next, fraction with the strongest antibacterial 
activity (fraction 3, 5, and 6) was tested for determination 
of MIC and MBC using liquid dilution method. 

 
Tabel 1. Antibacterial activity of Surian leaves extracts based on 
disc diffusion experiment 
 

Extract 
(10000 ppm) 

Antibacterial activity (%)* 

P. acne S. epidermidis S. aureus E. coli 
Methanol 20.99±0.00d 41.59±0.10b 10.86±0.16c 66.93±0.23c 

Ethanol 30.00±0.00c 37.30±0.12bc 10.29±0.30c 81.38±0.18b 

Ethyl acetate 49.93±0.01b 57.14±0.10b 18.93±0.34b 82.03±0.00b 

Clindamycin(+) 100±0.00a 100±1.39a 100±0.66a 100±0.00a 
DMSO 20% (-) 0.00±0.00e 0.00±0.00c 0.00±0.00d 0.00±0.00d 

Note : *The values of antibacterial activity represented by mean ± 
standard error from 3 replications; Different superscript 
alphabetic letters were significantly different at (p< 0.05) by 
Tukey test 

 
 
 
 

 
 
Figure 1. Antibacterial activity extracts on bacteria P. acne, S. epidermidis, S. aureus, and E. coli. Surian leaf extract; E: Ethanol; M: 
Methanol; Et: Ethyl acetate 
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Figure 2. Antibacterial activity of Surian leaves fractions on bacteria P. acne, S. epidermidis, S. aureus, and E. coli. Number on petri 
dish shows the fractions, 1. Fraction 1; 2. Fraction 2; 3. Fraction 3; 4. Fraction 4; 5. Fraction 5; 6. Fraction 6. 

 
 
 
 

Table 2. Antibacterial activity of 6 fractions obtained from 
column chromatography 
 

Fraction 
 (10000 ppm) 

Antibacterial activity (%)* 

P.acne S.epidermidis S.aureus E.coli 
1 0.00±0.00e 0.00±0.00b 0.00±0.00e 0.00±0.00 

2 0.00±0.00e 0.00±0.00b 9.01±0.01b 0.00±0.00 

3 28.27±0.02b 7.38±0.01b 10.38±0.01b 0.00±0.00 

4 10.33±0.01c 2.70±0.01b 4.32±0.00cd 0.00±0.00 

5 2.13±0.01d 12.46±0.01b 3.45±0.01cd 0.00±0.00 

6 0.00±0.00e 13.17±0.01b 7.61±0.00bc 0.00±0.00 

Clindamycin(+) 100±0.00a 100±1.39a 100±0.66a 100±0.00 
DMSO 20% (-) 0.00±0.00e 0.00±0.00b 0.00±0.00d 0.00±0.00 
Note : *The values of antibacterial activity represented by mean ± 
standard error from 3 replications; Different superscript 
alphabetic letters was significantly different at (p< 0.05) by Tukey 
test 
 

 
Tabel 3. MIC and MBC of the selected fractions 
 

Fraction 
Tested bacteria 

P. acne S. epidermidis S. aureus E. coli 
MIC MBC MIC MBC MIC MBC MIC MBC 

3 5000 5000 5000 - 1250 10000 2500 5000 
5 1250 - 5000 - 625 2500 2500 - 
6 1250 - 25000 - 625 - 625 - 
Note : n= Triplicates 
 

MIC and MBC of the fractionated extracts 
Fraction 3, 5, and 6 of Surian leaves demonstrated the 

highest antibacterial activity. These fractions were then 
used for determination of MIC and MBC. As shown in 
Table 3, MIC of fraction 3 reached 5000 ppm for P. acne 
and S. epidermidis, 1250 ppm for S. aureus, and 2500 ppm 
for E. coli. In addition, MBC of fraction 3 reached 5000 
ppm for P. acne and E. coli and reached 10000 ppm for S. 
aureus. Based on that result, fraction 3 was selected for 
further testing. 

Microscopic observation 
The effects of fraction 3 on the cellular morphology of 

P. acne were observed using SEM. The results 

demonstrated that the destruction of cell wall appeared as a 
consequence of the treatment. Changes in cell walls of lytic 
bacteria suggested that the cell degradation was caused by 
active compounds present in Surian leaves, which 
demonstrated the similar antibacterial effect compared to 
positive control (Figure 3). 

Identification of the bioactive compound 
Figure 2 exhibited the chromatogram of LCMS/MS 

experiment. There were 14 compounds identified in the 
fraction 3 according to the database in Chemspider (Table 
4). We found that (2S,4S,5S,7S)-5-Amino-N-[2,2-
dimethyl-3- (1H-1,2,3-triazol-1-yl) propyl]-4-hydroxy-
2isopropyl-7-[4-methoxy-3- (3methoxypropoxy) benzyl]-8 
methyl nonanamide was regarded as the most abundant 
compound. Furthermore, the chromatogram showed that 3 
compounds might be responsible for antibacterial activity 
against acne bacteria, i.e., pheophorbide a, pheophytin a, 
and dihomo-γ-linolenic acid (Table 4). 

Discussion 
Cytotoxicity could be classified into 4 groups: non-

cytotoxic (LC50 > 1000 ppm), low cytotoxicity (LC50 500 > 
1000 ppm), moderate cytotoxicity (LC50 100 > 500 ppm), 
and high cytotoxicity (LC50 0 < 100 ppm) (Mentor et al. 
2014). Based on LC50, the highest and the lowest 
cytotoxicity in this experiment was attributed to the 
methanol extract and ethyl acetate extract, respectively. 
Yuhernita and Juniarti (2011) found that methanol extract 
of Surian leaf contained alkaloid, flavonoid, polyphenol, 
and terpenoid. Falah et al. (2015) reported that 
phytochemical component of Surian leaves included 
alkaloid, triterpenoid, flavonoid, tannin, phenol, and 
steroid. In this study, BSLT experiment was performed to 
evaluate bioactivity of an extract, including anti 
microorganism. The difference in Surian leaves extracts 
cytoxicity may result from types of solvents and content of 
secondary metabolites.  
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Figure 3. Morphology of P. acne cells observed under SEM at the magnificence of 10000×. A. Negative control (DMSO 20%), B. 
Positive control (Clindamicyn), C. Fraction 3 (5000 ppm)  
  
 
 
 

 
Figure 4. Chromatogram of LCMS/MS fraction 3 
 
 
 
Table 4. Bioactive compounds of LC-MS/MS fraction 3 
 

Retention 
time (min) 

Molecular 
weight 
 (m/s) 

IUPAC name Intencity (%) 

12.43 590.43  (2S,4S,5S,7S)-5-Amino-N-[2,2-dimethyl-3- (1H-1,2,3-triazol-1 yl)propyl]-4-hydroxy-
2 isopropyl-7-[4-methoxy-3- (3-methoxypropoxy) benzyl]-8 methyl nonanamide 

22.57 

 546.40  (1-[Dodecyl (2-hydroxyethyl) amino]-3-{[ (3aR,5R, 5aS,8aS,8bR) 2,2,7,7-tetramethyl 
tetrahydro-3aH-bis [1,3]dioxolo[4,5-b: 4',5'-d] pyran-5-yl]methoxy}-2-propanol) 

 502.37 5- (7-Carboxyheptyl)-2-hexyl-3-cyclohexene-1-carboxylic acid - 2,2',2'' 
nitrilotriethanol (1: 1) 

 458.35  (Ethyl (3S)-3- (dodecylamino)-3-[ (3aR,5R,6S, 6aR)-6-methoxy-2,2-
dimethyltetrahydrofuro[2,3-d][1,3]dioxol -5 yl]propanoate 

13.28 632.44  (2S)-3-{[6-Deoxy-6- (octanoylamino)-β-D-gluco pyranosyl]oxy}-1,2-propanediyl di 
octanoate 

6.41 

13.57 609.26 N- (6-{[3- (5-Methyl-7-oxo-3-phenyl-7H-furo[3,2-g] chromen-6-yl)propanoyl]amino} 
hexanoyl)-L-phenylalanine 

6,41 

 588.41  ( (3R,4S,5R,6R,7R,9S,12S,13S,14R)-14-Ethyl 4,13-dihydroxy-7-methoxy-3,5,9,11,13 
pentamethyl-2-oxo-12- (2-oxoethyl)oxacyclo tetradecan-6-yl3,4,6-trideoxy-3 
(dimethyllami no)-β-D-xylo-hexopyranoside 

 

14.23 593.28 Pheophorbide a 14.10 
14.59 535.27 2- (4-benzhydrylpiperazin-1-yl)-7- (3,4-dimethoxy phenyl)-7,8-dihydroquinazolin-5 

(6H)-one) 
14.10 

16.60 593.27 Scortechinone F 12.91 
 533.25 1-{5-[2- (Benzyloxy)phenyl]-4-[4- (4-morpholinyl) phenyl]-1-phenyl-4,5-dihydro-1H-

1,2,4-triazol-3-yl}ethanone 
 

 522.59 Tri-n-dodecylamine  

 871.57 Pheophytin a  
 307.26 Dihomo-γ-linolenic acid  

A B C 
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Ethyl acetate extract of Surian leaves demonstrated the 

highest antibacterial activity (Table 1). Ethyl acetate is 
semi-polar, volatile solvent and enables to dissolve semi 
polar compounds in cell wall such as aglycone flavonoid. It 
is also a non-toxic and non-hygroscopic solvent. In 
addition, ethyl acetate could bind antibacterial-promoting 
compounds such as flavonoid polyhydroxy and phenol 
(Wardhani and Sulistyani 2012). Phytochemical compound 
in ethyl acetate extracts of surian leaves were alkaloid, 
tannin, phenolic, steroid, saponin, and terpenoid (Falah et 
al. 2015; Riva’i 2017). The presence of flavonoid, 
phenolic, and alkaloid in the ethyl acetate extract of Surian 
leaves was associated with antibacterial activity against 
acne bacteria. Based on the result from Table 1 and Table 
2, there was a decrease in antibacterial activity between the 
crude extract and the fractionation yield. The component of 
the compounds can actually give the maximum effect if it 
is in a complex condition along with components of other 
compounds (Virganita et al. 2009). 

The MIC and MBC results of each fraction could vary, 
depending on the type of bacteria and antibacterial 
compounds. Fraction 3 enables to show bacteriostatic and 
bactericidal effects against P. acne, S. aureus, and E. coli, 
but it only showed a bacteriostatic activity against S. 
epidermidis (Table 3). Fatisa (2013) reported that the 
susceptibility of Gram-positive and Gram-negative bacteria 
to antibacterial agents might be dissimilar due to a different 
composition of their cell wall structures such as 
peptidoglycan, lipid, and crosslinking, which could 
remarkably affect penetration, binding, and activity of the 
antimicrobial agent. P. acne, S. aureus, S. epidermidis are 
regarded as Gram-positive bacteria, and their cell walls are 
composed of polysaccharide and protein with antigen 
properties and less lipid content (1-4%). Gram-positive 
bacteria tend to be more sensitive to antibacterial 
compounds. This is because the structure of Gram-positive 
cell wall is simpler, making it easier for antibacterial 
compounds to enter the cells (Kusmiyati and Agustini 
2007). Meanwhile, E. coli is classified as Gram-negative 
bacteria with high lipid content on their cell walls (11-
22%). In addition, their cell walls are composed of three 
layers: lipoprotein, phospholipid (outer membrane) and 
lipopolysaccharide. The presence of outer membrane 
phospholipid is capable of reducing the penetration of 
antibacterial compounds into cells (Fitri and Bustam 2010) 

Microscopic observation showed that the addition of 
Clindamycin as positive control affected deleterious 
changes in bacterial cells such as rough surface, lysis, and 
destructed of the cells (Figure 1). Compared to negative 
control, the cells were unaltered, basil cells with the 
smooth surface, and no lysis. Treatment of fraction 3 at a 
dose of 5000 ppm could retard the growth of P. acne, 
which might be linked with the presence of antimicrobial 
agents. The growth inhibition was revealed by the similar 
cellular changes observed in positive control 
(Clindamycin). The fraction 3 enables to promote the cell 
membrane lysis. Mechanism of the antibacterial compound 
could be observed from cell leakage, leading to cell 
destruction. This destruction occurred after the cell 

membrane exposed to the antibacterial compounds. The 
interaction of antibacterial compounds could promote 
alteration or degradation of the cells, contributing to the 
mechanism of bacterial inactivation. At less lethal 
concentration, the antibacterial agents may cause cellular 
injury and promote changes and destruction of the cells, 
which in turn destroy their metabolic activity. Also, the 
antibacterial agents could promote more severe injury on 
the cells, leading to cell death. As control positive, 
Clindamycin could demonstrate bacteriostatic and 
bactericidal activity. It enables to suppress protein 
synthesis through forming a linkage to the 50S ribosomal 
subunit, thus reducing mRNA translation. At this situation, 
the bacteria are unable to synthesis protein; thus, their 
growth is stopped and then died (Frankel 1975). 

The bioactive compounds in fraction 3 of Surian leaves 
responsible for antibacterial activity against acne bacteria 
were pheophorbide a, pheophytin a and dihomo-γ-linolenic 
acid (Table 4). Kraatz et al. (2014) reported that 
pheophorbide a could inhibit the growth of S. aureus and E. 
coli that are resistant to erythromycin and showed MIC of 
50 μg/mL. Gomes et al. (2015) also found that antibacterial 
activity of pheophytin, isolated from Sidastrum 
micranthum, was capable to suppress the growth of S. 
aureus, S. epidermidis, and E. coli with MIC of 75 μg/mL. 
Additionally, dihomo-γ-linolenic acid (DGLA) showed 
MIC of 1024 mg/L and MBC of 2048 mg/L and enabled to 
reduce the growth of P. acne and S. aureus under in vitro 
experiment (Desbois and Lawlor 2013). In conclusion, this 
research showed that fraction 3 has various compounds 
associated with anti-acne activity such us pheophorbide a, 
pheophytin a, dihomo-γ-linolenic acid, and some other 
compounds like (2S,4S,5S,7S)-5-Amino-N-[2,2-dimethyl-
3- (1H-1,2,3-triazol-1yl)propyl]-4-hydroxy-2-isopropyl-7-
[4-methoxy-3- (3-methoxypropoxy) benzyl]-8 methyl 
nonanamide which may also be responsible for 
antibacterial activity against acne bacteria. 
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Abstract. Saidy AR, Mariana ZT, Adji FA, Nusantara RW, Fitria I, Syahrinudin. 2018. Carbon mineralization dynamics of tropical 
peats in relation to peat characteristics. Biodiversitas 19: 1413-1421. Understanding the dynamics of carbon mineralization of peats in 
the tropical areas is of essential significance in controlling carbon dioxide (CO2) gas emission rates. An incubation study of tropical 
peats sampled from 3 different sites of the Barito Basin on the Borneo Island, Indonesia (uncultivated, used for paddy cultivation for  5 
years and 5-10 years) was carried out to investigate a relationship between CO2 production and peat characteristics. Results of study 
revealed that land use change from uncultivated peats to paddy fields resulted in significant changes in the chemical structure of peat 
organic carbon. Carbohydrate contents of the peat decreased significantly as a consequence of the conversion of natural peats to paddy 
fields. However, the paddy peats contained higher lignin than uncultivated peats. Changes in the chemical structure of the tropical peats 
resulted in changes in carbon mineralization. Carbon mineralization of uncultivated peats ranged from 29255310 mg CO2-C kg-1 peat, 
while carbon mineralization of 10652678 mg CO2-C kg-1 C peat was observed for paddy peats. Moreover, carbon mineralization data 
obtained from the experiment fitted properly to a two-pool C mineralization model. The developed carbon mineralization model showed 
that slowly and rapidly decomposable pools have a close relation with rubbed fiber and carbohydrate content data. Thus, results of this 
study suggested that carbon mineralization of peats could be estimated appropriately using rubbed fiber and carbohydrate content data. 

Keywords: Carbohydrate, carbon structure, greenhouse gas fluxes, lignin, peat characteristics 

INTRODUCTION 

Carbon mineralization results in emission of carbon 
dioxide (CO2) to the atmosphere that finally influence the 
process of global climate change which is receiving 
substantial attention recently due to its significant effect on 
agriculture, health, and infrastructure. Data of the World 
Bank (2007) showed that Indonesia, with the total emission 
of 3,014 Gt CO2e per year, is the third largest emitter of 
carbon dioxide after the United States and the People’s 
Republic of China. Out of the total CO2 emission, 772 Mt 
CO2e or 38% originated from peat decomposition, and this 
represents 58% of the total CO2 emissions from world’ 
peatland (Indonesian National Council on Climate Change 
2010). 

Extent of tropical peatlands in Indonesia, which cover 
approximately 10% of the wetlands on the islands of 
Sumatra and Borneo, is estimated to be ranging from 16.8 
to 27.0 million hectares (Page and Banks 2007). Carbon 
stored in these peatlands is approximately 55 Gt (Jaenicke 
et al. 2008). National action for the reduction of 
greenhouse gas emissions (GHG) in Indonesia, as outlined 
in the Presidential Regulation No. 61 of Year 2011, stated 

that Indonesia requires to reduce GHG emissions by 0.672 
Gt CO2e from peat and forest decomposition to achieve the 
target of 26% reduction or by 1,049 Gt CO2e to achieve the 
reduction target of 41%. Therefore, methods of measuring 
carbon mineralization or models to estimate carbon dioxide 
emissions from peatlands are required for monitoring and 
evaluation of this GHG emission reduction. 

The amounts of CO2 produced during carbon 
mineralization from peatlands are generally calculated by 
direct field measurements (i.e., Wright et al. 2011; Hadi et 
al. 2012; Hatala et al. 2012). However, this method is very 
time consuming and the results obtained varied widely for 
different sites. Potential carbon mineralization of peats is 
also estimated from the amount of peat mass (carbon stock) 
(Page et al. 2002; Chapman et al. 2009; Holden and 
Connolly 2011). This method generally resulted in an 
overestimate of carbon mineralization because it is based 
on an unrealistic assumption that all organic carbon present 
in the peats decomposed completely. Another method that 
is more acceptable to the researchers and environmentalists 
is the use of carbon mineralization model to estimate 
carbon emission using inputs of peat characteristics such as 
hydrology, temperature and chemical composition of peat 
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(van Huissteden et al. 2006; Humphreys and Arora 2010; 
Jaenicke et al. 2010). However, most existing models are 
developed using non-tropical peats, thus validating these 
models for tropical peat is incomprehensible because of the 
unavailability of input parameters from tropical peats and 
also the complexity of tropical peatland ecosystems. 
Therefore, the study aimed to develop a carbon 
mineralization model to estimate carbon dioxide production 
using characteristics of tropical peats with different land-
uses was undertaken. 

MATERIALS AND METHODS 

Peat sampling and analysis 
Peats were sampled from sites within the Barito Basin 

on the Borneo Island, Indonesia. Eleven peat samples were 
collected from different sites, namely Marabahan, Pulau 
Damar, Bayur, and Gambut. These sites were selected 
based on the presence of extensive areas of tropical 
peatlands in the South Kalimantan Province, and they also 
covered peats with different land-uses ranging from 
uncultivated peats to peats cultivated with rice for 15 years 
(Abdullah, 1997). Peat soils at the Marabahan site were 
used for rice field for  5 years, while peat soils at the 
Gambut site were used for rice cultivation for 10-15 years. 
All peats sampled from Pulau Damar sites have not been 
used for any cultivation. Peats from Bayur site were sampled 
from different land-uses: uncultivated peats, rice field for 
varied years ( 5 years and 10-15 years). The peat soils 
within the Barito Basin were characterized by an irregular 
complex of poorly decomposed woody and grass materials 
to a depth of at least 2 m (Hadi and Inusbushi 2000).  

A composite peat sample was collected from the 0-20 
cm layer at each site, using a cylindrical core (10 cm 
diameter). Living plant material was selectively removed 
from the collected samples by hand, and the samples were 
thoroughly homogenized and stored in polyethylene 
containers at 5C. To minimize the effect of physical 
factors on decomposition, the peats samples were dried at 
30C in the oven and then cut and ground to < 0.25 mm 
size before characterization and incubation. The peat 
samples were analyzed for bulk and particle density (Blake 
and Hartge 1986), ash content (Karam 1993), and the 
degree of decomposition by the von Post index, 
pyrophosphate index and rubbed fiber content (Parent and 
Caron 1993). Peat pH was determined in soil solution 
(volume of soil: volume of water = 3 : 50) using a glass 
electrode (Parent and Caron 1993). Total carbon and 
nitrogen were determined on a LECO CN2000 analyzer. 
Carbohydrate and lignin contents of the peats were 
measured using the method of Grandy et al. (2000) and 
Chesson (1991), respectively.  

Incubation experiment 
Carbon mineralization of peats experiencing different 

physicochemical characteristics was tested by determining 
the amount of carbon produced by microbial 
decomposition of organic carbon contained in the peats 
during the course of a 110-day long incubation experiment. 

An appropriate mass of each peat sample (5.90 to11.60 g 
fresh peat, depending on the bulk density (BD) of peats) 
was placed into a PVC tube of radius 1.95 cm covered with 
a mesh at the bottom, to give a depth of 20 mm after 
compacting the peats to a bulk density similar to that 
observed in the field. Distilled water was added to each 
PVC tube to reach 70% water-filled pore space (WFPS). 
The PVC tubes were then moved into 1 L Mason jars 
having 5 mL deionized water in a 20 mL plastic vial to 
maintain humidity. The jars were sealed with air-tight lids 
with rubber septa to allow sampling of gas from the jars 
and incubated in the dark for 110 days. For each peat, three 
replicate samples were prepared and incubated.  

Carbon mineralization was measured by drawing 10 mL 
of headspace gas from each jar using a 10 mL syringe 
through the septum in the middle of the lid, the collected 
gas was transferred to a 10 mL air-tight glass vial, and then 
injected onto a gas chromatograph (Shimadzu GC-14A). 
Carbon mineralization was determined repeatedly for each 
sample at different time intervals during the entire 
incubation period. The initial measurement was conducted 
on the third day after the beginning of the incubation and 
subsequent measurements were carried out on a weekly 
basis. Every time, two measurements were conducted for 
each peat sample. The first measurement of CO2 
concentration in the jar was done immediately after closing 
the jars and the second measurement was performed after 
the completion of the specified incubation time. All jars 
were opened for three hours to allow the replacement of the 
CO2-enriched air inside the jars with fresh air after each 
measurement. The concentration of CO2 produced from 
each sample for each measurement was determined by 
calculating the difference between initial and final CO2 
concentrations. The total carbon dioxide produced from 
each sample during the entire incubation period of 110 
days was given by the sum of carbon dioxide released from 
each sample for each measurement and it is expressed as 
the cumulative carbon mineralization. 

Model fitting and statistical analysis 
Data of cumulative carbon mineralization was then 

fitted to a two-pool C mineralization model, consisting of 
rapidly and slowly decomposing pools (equation 1):  

  
Ct = Cs (1-e-st) + Cf (1-e-ft)        [1] 
 

where: Ct is the sum of amount of C mineralization (mg 
CO2-C kg-1 of peat) by time t; Cs and Cf are the sizes of 
slow and fast pools of mineralizable C (mg CO2-C kg-1 of 
peat), respectively; and s and f are the corresponding 
mineralization rate constants for the slow and fast pools 
(day-1). The amount of CO2-C production data were fitted 
to the model using the least-square non-linear curve fitting 
procedure in Microsoft Excel® (de Levie 2001). The values 
of Cs, Cf, s, and f that produced the smallest residual sums 
of squares (RSS) were retained. 

Analysis of variance (ANOVA) was performed to 
determine differences in the carbohydrate content, lignin 
content and cumulative carbon mineralization of each peat, 
after the normality and the homogeneity was checked using 
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the Shapiro-Wilk and Bartlett tests, respectively. In the 
case of significance in the ANOVAs, the effect of 
treatments was compared by the Least Significant 
Difference (LSD) multiple comparison procedure at 
P<0.05. Correlation and regression analysis between the 
carbon mineralization of peat and the variables of peat 
characteristics was performed to examine relationship 
between the carbon mineralization and the peat 
characteristics. All statistical procedures were conducted 
using the GenStat 11th Edition (Payne 2008). 

Development of carbon mineralization model based on 
the peat characteristics 

After fitting the data of carbon mineralization with a 
two-pool C mineralization model (equation 1), a simple 
regression analysis was conducted to establish the 
equations to estimate the size of rapidly and slowly 
mineralizable pools based on the chemical composition of 
the peats:  

 
 Cs = f (chemical composition of peats (slow))  [2] 
 Cf = f (chemical composition of peats (rapidly))  [3] 
 
Equation (2) and (3) were then combined to establish an 

equation to predict the amount of carbon mineralized (Ct) 
based the two-pool C mineralization model as a function of 
changes in the chemical composition of the peats. 

 
Ct = f (chemical composition of peats (slow)) (1e-st) +  
       f (chemical composition of peats (rapidly)) (1e-ft) [4] 
 
The amount of carbon mineralized during the 

incubation period was then calculated using the equation 
(4) and then the results were compared with those obtained 
from the conducted-incubation study in the laboratory. 

RESULTS AND DISCUSSION 

Characterization and chemical composition of tropical 
peats 

As shown in Table 1, the peats used in this experiment 
represented different degree of decomposition (low, 
moderate and high) based on the von Post’s index and 

rubbed fiber content (McKinzie 1974; Parent and Caron 
1993). Bulk density of the peats ranged from 0.14 to 0.26 
Mg m-3, in which increase in the degree of peat 
decomposition led to increase in bulk density (Table 1). 
Reaction (pH) of peats is also likely to change with 
changes in the degree of peat decomposition. Peat 
representing low degree of decomposition had higher pH 
compared to the peats representing moderate and high 
degree of decomposition (Table 1). 

Organic carbon (OC) content of the peats used in this 
study ranged from 287 to 774 g C kg-1 peat (Table 1), in 
which increase in the degree of peat decomposition reduced 
the OC content. Peat with a high degree of decomposition 
would have longer microbial decomposition process than 
the peats with a low degree of decomposition. As a result, 
the OC content of peats decreased with increasing the 
degree of peat decomposition. Results of this study are in 
agreement with Lampela et al. (2014) who reported that C 
content of peats sampled from tropical peat swamp forest 
of the Central Borneo has a significant correlation with the 
von Post degree of decomposition and the unrubbed fiber 
content. Similar to the OC content, total nitrogen (N) 
content of the peat also varied with the degree of peat 
decomposition. Nitrogen content of all peats varied from 
9.2 to 37.7 g N kg-1 peat (Table 1). The combination of 
changes in OC and N content of peats with shift in the 
degree of peat decomposition resulted in lower C/N ratio in 
peats with high degree of decomposition than those with 
low degree of decomposition (Table 1).  

Land use change from uncultivated peats to paddy 
fields resulted in significant changes in the chemical 
structure of carbon in the peats. Carbohydrate content of 
uncultivated peats (B-01, PD-01, PD-08, and PD-12) 
ranged from 25% to 33%. It decreased significantly to 18-
22% in the peats cultivated with rice for over 5 years (B-
03, B-12, M-02 and M-07), and further decreased to 16-
20% in the peats cultivated with rice for 10-15 years (B-05, 
G-03, G-07) (Figure 1). In contrast to carbohydrate 
contents, land-use changes from uncultivated peats to 
cultivated peats for agriculture increased lignin contents. 
Lignin contents increased from 14-20% in uncultivated 
peats to 19-22% in the peats cultivated with rice for 5 
years, and increased consequently to 24-34% in the peats 
cultivated with rice for 10-15 years (Figure 2). 

 
 
Table 1. Properties of tropical peats used for study 

 
Peat  

sample 
Peat land-uses 

Degree of decomposition pH 
(H2O) 

BD 
(Mg m-3) 

Organic C 
(g C kg-1) 

Total N 
(g N kg-1) 

C/N Ratio 
Ash content 
(g ash kg-) von Post Rubbed  (%) Index  P (%) 

B-01 Uncultivated H7 44 29.89 5.33 0.30 286.7 17.4 16.48 440 
PD-01 Uncultivated H7 32 34.87 4.14 0.18 774.2 34.5 22.47 150 
PD-08 Uncultivated H6 44 24.32 5.34 0.14 572.9 32.3 17.71 33 
PD-12 Uncultivated H2 57 21.45 5.42 0.16 749.9 37.7 19.91 194 
B-03 Rice field (≤ 5 years) H6 26 69.87 3.37 0.26 614.9 17.6 35.02 93 
B-12 Rice field (≤ 5 years) H6 27 65.78 3.65 0.29 409.8 19.9 20.59 253 
M-02 Rice field (≤ 5 years) H8 28 66.78 3.52 0.19 605.1 17.7 26.80 338 
M-07 Rice field (≤ 5 years) H2 28 45.66 3.67 0.15 667.5 25.5 26.18 211 
B-05 Rice field (5-10 years) H4 24 72.54 3.44 0.21 586.0 17.4 33.68 387 
G-03 Rice field (5-10 years) H3 18 78.23 3.34 0.16 565.0 14.6 38.80 47 
G-07 Rice field (5-10 years) H5 10 95.18 4.25 0.16 473.0 9.2 51.25 479 

 



 BIODIVERSITAS 19 (4): 1413-1421, July 2018 

 

1416

 

 
Figure 1. Carbohydrate contents of tropical peats. The vertical 
bars indicate standard deviation of mean (n=3) and similar letters 
above columns indicate no statistical difference between peats 
based on the LSD test at P<0.05. 

 

 
Figure 2. Lignin contents of tropical peats. The vertical bars 
indicate standard deviation of mean (n=3) and similar letters 
above columns indicate no statistical difference between peats 
based on the LSD test at P<0.05. 

 

 
Figure 3. Cumulative carbon mineralization of tropical peats 
during a 110-day incubation period. The vertical bars indicate 
standard deviation of mean (n=3) and similar letters above 
columns indicate no statistical difference between peats based on 
the LSD test at P<0.05. 

Changes in the chemical composition of peats with 
changes in land-use are attributed to faster oxidation 
process of cultivated-peats than that of uncultivated-peats. 
Drainage system of cultivated-peats resulted in lowering 
water table within peat profile with the consequence of a 
faster aerobic decomposition of organic carbon with O-
alkyl C structure (carbohydrate) and the accumulation of 
the compounds with alkyl C structure (lignin) (Saidy et al. 
2005). This is in agreement with the concept of 
decomposition proposed by Baldock et al. (1992) who 
suggested that decomposition of organic matter starts by 
utilizing the easily decomposable substrates such as 
carbohydrate by soil microorganisms. Decrease in 
carbohydrate content during the initial phase of organic 
matter decomposition is also in agreement with (Derrien et 
al. 2007) who observed that that carbohydrate decomposed 
rapidly during the initial biodegradation. 

Decreases in the proportion of organic carbon in the 
form of carbohydrates (Oalkyl C structures) and increased 
lignin (alkyl C structures) result in increased Oalkyl C to 
alkyl C ratio, with change in land use from the uncultivated 
peats to rice cultivated-peats. Changes in the ratio of 
Oalkyl C to alkyl C has been suggested to be useful as an 
indicator of the degree of peat decomposition (Baldock et 
al., 1997; Baldock et al., 1992), in which increase in the 
ratio of Oalkyl C to alkyl C indicates increase in the 
degree of peat decomposition. In this experiment, increase 
in the ratio of Oalkyl C to alkyl C of the peats is consistent 
with the data of fiber content and pyrophosphate index 
which states that the degree of peat decomposition 
increased with changes in land use from the uncultivated 
peats to the rice cultivated-peats (Table 1). 

Carbon mineralization of peats 
Land-use changes in peatlands from uncultivated peats 

to reclaimed-peats for paddy fields also caused changes in 
the carbon mineralization of peats (Figure 3). Carbon 
mineralization decreased from 29255310 mg CO2-C kg-1 
of uncultivated peats to 16722678 mg CO2-C kg-1 and 
10651802 mg CO2-C kg-1 of peats cultivated with rice for 
over 5 years and 10-15 years, respectively (Figure 3). 
Changes in the carbon mineralization of the peats are 
related to changes in the chemical structure of carbon of the 
peats. Pyrophosphate index is higher in the cultivated-peats 
than in the uncultivated peats, indicating that cultivated 
peats contained higher lignin than that in the uncultivated 
peats. Figure 1 and Figure 2 showed that the cultivated 
peats had higher contents of lignin and lower contents of 
carbohydrates than those in the uncultivated peats. The 
results of this study are consistent with previous 
experiments which stated that the ratio of Oalkyl C 
(carbohydrate) and alkyl C (lignin) is an index of organic 
carbon quality as a source of energy for microorganisms 
(Baldock et al., 1997; Webster et al. 2000). 

 

Dynamics of peat carbon mineralization in relation to 
peat characteristics 

Figure 4 and Table 2 shows that C mineralization data 
for all peats fitted well to a two-pool C mineralization 
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model, which is indicated by the values of R2 ≥ 0.99 for all 
peats. This result is consistent with the previous laboratory 
incubation studies that found the two-pool model to be 
superior for fitting the C mineralization of added organic 
matter (Wang et al. 2004; Bowen et al. 2009; Ribeiro et al. 
2010; Saidy et al. 2012). Results of fitting cumulative data 
of carbon mineralization of peats to a two-pool C 
mineralization model also show that the rapidly 
mineralizable C pool (Cf) was larger than slowly 
mineralizable C pools (Cs). The size of rapidly 
mineralizable C pool for all peats ranged between 892-
4220 mg C kg-1 peat, while the size of slowly mineralizable 
C pool was in the range of 324-2841 mg C kg-1 peat (Table 
2). Similar to the size of mineralizable C pools, 
mineralization rate of rapidly mineralizable C pool 
(0.0173-0.0298 day-1) was higher than that of slowly 
mineralizable C pool (0.0105-0.0205 day-1) (Table 2). 

Simple regression analysis was performed between peat 
characteristics and the size of mineralizable C pools to 
establish relationship between the size of both slowly and 
rapidly mineralizable C pools and peat characteristics. It 
indicated that the size of Cs was positively correlated with 
rubbed fiber content, peat pH, nitrogen content, 
carbohydrate content, and negatively correlated with 
pyrophosphate index, C/N ratio and lignin content (Table 
3). Results of simple linear regression analysis revealed 
that, based on the four highest R2 values, the size of Cs 
could be predicted by the following equations:  

 
Cs =-444.61 + 50.13 (rubbed fibre content); 
        (R2 = 0.71; P<0.01)  [5] 
Cs = 2498.45-25.52 (pyrophosphate index); 
        (R2 = 0.63; P<0.01)  [6] 
Cs = 3149.55-90.91 (lignin content); 
        (R2 = 0.55; P<0.01)  [7] 
Cs =-1755.12-125.26 (carbohydrate content)  
        (R2 = 0.72; P<0.01)  [8] 

 
 
Table 2. Results of the two-pool model fit C mineralization data 
of peats.  
 

Samples 
Cs 

a  
(mg C kg-1 

peat) 

s b  
(day-1) 

Cf 
c  

(mg C kg-

1 peat) 

f d 
(day-1) 

R2 

B-01 1594.4 0.0199 2485.5 0.0265 0.99 
B-03 652.4 0.0187 1302.2 0.0210 0.99 
B-05 687.4 0.0205 1311.9 0.0298 0.99 
B-12 1095.9 0.0147 1763.2 0.0202 0.99 
M-02 797.8 0.0141 1545.3 0.0221 0.99 
M-07 1437.9 0.0157 1779.1 0.0233 0.99 
PD-01 1364.1 0.0143 2236.7 0.0201 0.99 
PD-08 1118.5 0.0184 3583.5 0.0225 0.99 
PD-12 2841.3 0.0105 4220.8 0.0173 0.99 
G-03 396.9 0.0202 1177.2 0.0268 0.99 
G-07 323.9 0.0185 892.4 0.0260 0.99 
Note: a The amount of slowly mineralizable C pool calculated 
using the two-pool C mineralization model. b Mineralisation rate 
of the slowly mineralizable C pool calculated using the two-pool 
C mineralization model. c The amount of rapidly mineralizable C 
pool calculated using the two-pool C mineralization model.            
d Mineralisation rate of the rapidly mineralizable C pool 
calculated using the two-pool C mineralization model. 

Table 3. Coefficient correlation (r) between peat characteristics 
and slowly mineralizable C pool (Cs), and rapidly mineralizable C 
pool (Cf) 
 

Peat characteristics 
Slowly 

mineralizable 
C pool (Cs) 

Rapidly 
mineralizable C 

pool (Cf) 
Rubbed fiber contents 0.94** 0.84** 
Pyrophosphate Index -0.91** -0.79** 
Peat pH (H2O) 0.81** 0.67** 
Bulk density 0.06 ns -0.18 ns 
Organic carbon  0.13 ns 0.42* 
Nitrogen content 0.76** 0.84** 
C/N ratio -0.75** -0.64** 
Ash content -0.09 ns -0.25 ns 
Carbohydrate content 0.89** 0.84** 
Lignin content -0.85** -0.79** 
Note: ** = significant correlation at P< 0.01. * = significant 
correlation at P< 0.05. ns = non-significant correlation (P> 0.05) 
 
 
 
 
 

 

 
 
Figure 4. Carbon mineralization of uncultivated-tropical peats 
(A), tropical peats cultivated with rice for 5 years (B), and tropical 
peats cultivated with rice for 10-15 years during a 110-day 
incubation period. The lines indicated are curves fitted to the two-
pool decomposition model: Ct = Ca(1-e-kt) + Cs(1-e-ht); R2 > 0.99 
and P<0.001 for all curves  
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Relationship between the Cs values calculated using the 
experimental data and those estimated using equations 
(5)(8) is described in Figure 5. Based on the two highest 
coefficient determination values (R2), equations (5) and (8) 
are chosen to estimate the size of slowly mineralizable C 
pools. 

Results of simple regression analysis for the size of 
rapidly mineralizable C pools showed that the Cf value was 
positively correlated with rubbed fibre content, peat pH, 
organic C content, carbohydrate content and negatively 
correlated with pyrophosphate index, C/N ratio, lignin 
content. Based on the four highest R2 values resulting from 
simple linear regression analysis, Cf values for all peats 
could be estimated using the following equations:  

 
Cf = -3.6 + 67.00 (rubbed fibre content);   
        (R2 = 0.89; P<0.01)     [9] 
Cf =  230.21 + 81.97 (nitrogen content);    
         (R2 = 0.59; P<0.01)   [10] 
Cf =  4879.73-125.01 (lignin content);   
        (R2 = 0.73; P<0.01)   [11] 
Cf = -1545.37 + 158.21(carbohydrate content);   
        (R2 = 0.80; P<0.01)   [12] 

 
Relationship between the size of rapidly mineralizable 

C pool calculated using experimental data and estimated 
using equations (9)-(12) is illustrated in Figure 6. Based on 
the highest coefficient determination (R2), equations (9) 
and (12) are selected to estimate the Cf value for all peats. 

Estimation of carbon mineralization of peats using peat 
characteristics 

The equations selected to estimate the size of slowly 
and rapidly mineralizable C pools, as explained above, 
were integrated into the two pool C mineralization model 
(equation 1) to establish an equation which would be useful 
to estimate carbon mineralization of peats. Integration of 
equations (8) and (9) into the two-pool C mineralization 
model resulted in equation (13), and incorporation of 
equations (5) and (12) resulted in equation (14). 

Cumulative carbon mineralization was then calculated 
using carbohydrate and rubbed fiber content data from 
Table 1, values of s and f from Table 3 and the length of 
incubation (110 days). Relationship between cumulative 
carbon mineralization for all peats was estimated using 
equations (13) and (14), and from the experimental data is 
described in Figure 7. Results of correlation analysis 
revealed that equations (13) and (14) resulted in comparable 
accuracy for estimating the amount of carbon dioxide 
produced during the 110 days of peat decomposition. 
Correlation between cumulative carbon mineralization of 
peats estimated using equation (13) and that from experimental 
data resulted in r value of 0.925 (P 0.01), while correlation 
between cumulative carbon mineralization calculated using 

equation (14) and that of experimental data produced r 
value of 0.930 (P 0.01). These findings indicate that the 
amount of carbon from peat mineralization may be 
estimated using carbohydrate and rubbed fiber content data. 

Relationships between carbon mineralization of 
peatland, and rubbed fiber content (degree of peat 
decomposition) and carbohydrate content obtained in this 
study are in agreement with some of the previously reported 
studies. For example, Scanlon and Moore (2000) reported 
that the degree of peat decomposition significantly related 
to the CO2 production from the peats. Dissolved organic 
carbon (DOC) concentration, a fraction of organic matter 
that easily decomposed, was dependent on the degree of 
peat decomposition. The less decomposed peats had higher 
DOC content than higher decomposed peat (Kalbitz and 
Geyer 2002). Control of the degree of peat decomposition 
on carbon mineralization was also reported by Kalbitz et al. 
(2003) who reported that DOC extracted from less humified 
organic materials decomposed rapidly (61-93% of DOC 
being mineralized), while more humified DOC decomposed 
slowly (mineralization of 4-9% of DOC). In another study, 
Ye at al. (2012) reported that peats with lower rubbed fiber 
content generally exhibited a greater degree of 
decomposition and hence a lower quality of carbon for 
microbial decomposition of peats. Results of all these 
previous studies indicate that the degree of peat 
decomposition is an important substrate property which 
controls the rate of carbon mineralization of peats. 

A study conducted by Adesodun et al. (2001), which 
applied different organic matters to soils, showed that 
carbohydrate content is not effective in controlling soil 
structural stability due to fast decomposition of 
carbohydrate compounds in soil. In a study of the effect of 
sugars, amino acids and organic acids on peat 
mineralization, Hamer and Marcschner (2002) found that 
the addition of carbohydrate compounds, such as glucose 
and fructose, increased the carbon mineralization of the 
peats. Wright et al. (2011) reported that the amounts of 
carbon dioxide produced from peat decomposition was 
related to the quantity of carbohydrate compounds of the 
peats and was partly controlled by the degree of peat 
decomposition. Carbohydrate content was also reported to 
be used as a substantial energy source for microbial 
decomposition during the initial stage of decomposition 
(Lin et al. 2014). As a result, there was a 50% decrease of 
carbohydrate content from the surface to the deep peats. 
Organic carbon with the structure of O-alkyl carbon such as 
carbohydrate compounds in the peats has been reported to 
be an excellent predictor for peat decomposition (Tfaily et 
al. 2014). These results from the previous studies support 
the result of this study which also indicates that the 
carbohydrate compounds present in the peats play an 
important role in the carbon mineralization of the peats. 

 
 
 C mineralization of peats = {-1755.12-[125.26 x (carbohydrate content)] x (1-e-st)} +  
                                {-3.6 + [67.00 x (rubbed fibre content)] x (1-e-ft)}    [13] 

 C mineralization of peats = {-444.61 + [50.13 x (rubbed fibre content)] x (1-e-st)} + 
                                 {-1545.37 + [158.21 x (carbohydrate content)] x (1-e-ft)}  [14] 



SAIDY et al. – Tropical peat mineralization dynamics 

 

1419

 
 

Figure 5. Relationship between the size of slowly mineralizable C pool (Cs-mg C kg-1 peat) calculated using experimental data and 
estimated using lignin content (A), rubbed-fiber content (B), pyrophosphate index (C), and carbohydrate content (D). 
 

  

  
 
Figure 6. Relationship between fast-decomposable carbon pool (Cf-mg C kg-1 peat) determined by experiment and estimated using 
nitrogen content (A), carbohydrate content (B), rubbed-fiber content (C), and lignin content (D). 

 
 
 
Figure 7. Relationship (scatter plot) between experimental cumulative C mineralization and estimated cumulative C mineralization 
using equation (13) (A) and equation (14) (B) 
 

Estimated cumulative C mineralization (mg C kg
-1

) 
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Although Grover and Baldock (2012) stated that 
substrate quality of peats had maximum influence on the 
size of the mineralizable carbon pool of the peats, 
environmental factors such temperature, moisture content 
and pH also determine the rate of peat mineralization 
(Updegraff et al., 1995; Walter and Heimann 2000; Petrescu 
et al. 2008; Wang et al. 2010). However, in the model 
developed in this study to estimate the carbon 
mineralization of peats, these environmental variables are 
not included. Contrary to the non-tropical areas, 
temperature is relatively constant across a variety of 
peatlands of tropical areas. Thus, the exclusion of the 
temperature in the carbon mineralization model does not 
result in serious problem. On the other hand, moisture 
content of tropical peats varied greatly because they are 
generally flooded in the rainy session and very dry during 
the dry season. Thus, the tropical peats are naturally 
influenced by moisture content variations. Observation of 
peat pH also exhibits a strong spatial variation between 
peatland sites, which may result from different peat 
management practices such as application of amelioration 
materials and peat tillage. Therefore, exclusion of moisture 
content and pH of peats from the model of carbon 
mineralization limits the application of this model for 
estimating CO2 production reliably on either large or small 
spatial scales. However, the carbon mineralization model 
developed in this study is suitable for the estimation of CO2 
production for peats with different botanical origin but with 
relatively constant moisture content and pH. Further, 
linking of these factors to the model developed, should 
allow for better quantification of potential CO2 produced 
during carbon mineralization of peats under different 
scenarios of land-use types and environmental factors. 

Results of the physico-chemical properties of the peats 
showed that conversion of natural peatlands to paddy-
cultivated peats changes the chemical structure of organic 
carbon in peat. The use of peatlands for agriculture 
decreases the amount of organic carbon with carbohydrate 
structure and increases the amount of organic carbon with 
lignin structure. The results also showed that carbon 
mineralization in the peats varies significantly with the 
changing use of peatlands from natural peats to paddy-
cultivated peats. Changes in the carbon mineralization are 
thought to be related to changes in the chemical structure of 
organic carbon in the peats due to peat conversion for 
agriculture. The developed carbon mineralization model 
indicated that slowly and rapidly decomposable pools have 
a close relationship with rubbed fiber and carbohydrate 
content data. Results of this study also suggested that 
carbon mineralization of peats could be estimated suitably 
using rubbed fiber and carbohydrate content data. 
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Abstract. Kostryukova AM, Mashkova V, Krupnova TG, Egorov NO. 2018. Phytoplankton biodiversity and its relationship with aquatic 

environmental factors in Lake Uvildy, South Urals, Russia. Biodiversitas 19: 1422-1428. Lake Uvildy is one of the largest and the most 

unique of the South Ural region lakes. This mountain deep lake, which has the status of a natural monument. The purpose of this paper 

was to study the phytoplankton community structure and the aquatic environmental factors in Lake Uvildy. The phytoplankton samples 

were collected from 5 sites of Lake Uvildy, then filtered through the plankton net and were preserved in 5% formalin. Species were 

identified using the handbooks by Sladecek, Yarushina, and Al-Kandari. Water samples were taken for water quality analysis. The 

several physicochemical parameters were measured in situ by a Portable Meters (Multitest IPL-513 and Multitest KSL-111, Semico Ltd, 

Russia, Novosibirsk). The others parameters were measured in the laboratory of the Department of Chemistry of the South Ural State 

University according to the standard methods. The sampling was made during the vegetation period in June-July 2014. The water 

quality was evaluated using the Shannon biodiversity index. A total of 38 species (11 phyla, 31 genera), including 9 species of 

Chlorophyta, 13 species of Bacillariophyta, 9 species of Cyanophyta, 4 species of Euglenophyta, 2 species of Chrysophyta, 1 species of 

Dinophyta, were identified. The phytoplankton species in the lake were mainly represented by Cyanophyta and Bacillariophyta. There 

were 5 dominant species: Fragilaria crotonensis, Asterionella formosa, Dolichospermum lemmermannii, Microcystis aeruginosa, and 

Coenococcus planktonicus. The Shannon index value comprised 1.27-2.21. According to the saprobity index values (1.63-2.35), the 

water in the late is evaluated as satisfactorily clean. Physico-chemical parameters were factors driving the change in phytoplankton 

community composition in Lake Uvildy. 

Keywords: biodiversity, phytoplankton, environmental factors, lake, Shannon index. 

INTRODUCTION 

Phytoplankton is a very diverse group of aquatic 

organisms, incorporating such the major types are diatoms, 

golden-brown algae, blue-green algae, green algae and 

dinoflagellates, and as a primary producer it is an important 

link in aquatic ecosystems (Barinova et al. 2006). The 

species composition of algae can be an indicator of the 

algal flora living conditions, and hence the condition of the 

water body. Thus, studying the phytoplankton community 

is widely used to evaluate the water quality (Devi et al. 

2016).  

For efficient monitoring and maintaining the ecological 

status of water bodies, it is very important to know about 

various physicochemical and biological water 

characteristics. Namely, physicochemical water quality 

indices are the main factors controlling the phytoplankton 

dynamics and structure. Chemical indices, for example, 

biogenic elements (Zhu et al. 2010; Kruk et al. 2016), and 

physical indices-sunlight intensity (Sánchez et al. 2017) or 

water temperature, etc., can also be also significant. The 

investigation results (Zhu et al. 2010) obtained from a 

water body (China) indicated that different concentrations 

of nitrogen and phosphorus may define the predominant 

species growth. Kruk et al. (2016) conducted studies on the 

relationships between nutrients and phytoplankton during 

one-day hot summer conditions. The investigation results 

showed that the Cyanoprokaryota biomass depends on for 

the limited resources of Dissolved Inorganic Nitrogen 

(DIN) and in the part of the Vistula Lagoon (the southern 

Baltic Sea), where DIN concentrations were reduced, was 

above. Sánchez et al. (2017) examined the primary 

production of phytoplankton and periphyton under such 

regimes as clear-vegetated, inorganic-turbid or 

phytoplankton-turbid. For example, Rasconi et al. (2017) 

studied the influence of the water temperature on the 

phytoplankton diversity and found that the temperature 

significantly reduces the biodiversity and leads to the 

dominance of blue-green and green algae that are more 

adapted to elevated water temperatures.   

Lake Uvildy is located in Chelyabinsk region (South 

Urals), Russia. Lake Uvildy is the largest and unique lakes 

in the region. Basic morphometric parameters of Lake 

Uvildy: the height above the sea level is 272 m, the water 

surface area is 68.1 km2, the maximum and average depths 

are 38 and 13 m (Kostryukova et al. 2015).  The lake is a 

typical tectonic water body and located in a deep range 

front fault. Most of the winding coastline is covered with 

pine and mixed forest. The lake water is fresh, by the 

chemical composition it refers to the hydrocarbonate-

calcium type, and by the ion ratio-to the sulfate-sodium 

(Andreeva 1973). 
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In 1974-1978, the South Urals experienced the water 

scarcity as a result of a drought. To solve this problem, a 

canal was dug between Lake Uvildy and the Argazi 

Reservoir to discharge water (over one-third of the lake's 

volume). The water level of the lake decreased by almost 4 

m, and significant coastal areas became bare. During the 

secondary succession, birch forests began to form here. In 

1999 there was a water rise, and in 2007 the water level in 

the lake returned to its average long-term value. Biocoenoses, 

together with the forming soil cover, were flooded. As a 

result, many small shallow bays were formed. Both the 

littoral zone and the coastal geosystems of the water body 

have changed. As a result, the quality of coastal waters and 

the degree of the recreational comfort in the coastal zone 

deteriorated. Earlier, the lake had an oligotrophic status, 

currently, it has a transitional status between oligo-and 

mesotrophic. This water body is a natural monument and 

widely used for recreational purposes.  

The species composition of the phytoplankton 

community of Lake Uvildy was studied earlier. The 

previous studies of phytoplankton of the Lake Uvildy in 

2005-2006 and 2014 revealed diatoms as a dominant algal 

group, green algae as the second in species diversity in 

2005-2006, and blue-green algae became second in species 

diversity in 2014 (Kostryukova et al. 2015; Mashkova et al. 

2017). The most abundant blue-greens were Anabaena 

lemmermannii, Microcystis aeruginosa and Anabaena flos-

aquae, the most numerous diatoms were Fragilaria 

crotonensis and Asterionella formosa, greens were 

Coenococcus planctonicus (Kostryukova et al. 2015). The 

aim of this paper was to investigate the phytoplankton 

richness and ecological water condition in Lake Uvildy. 

MATERIALS AND METHODS 

Study area 

Lake Uvildy is located in the north of Chelyabinsk 

region (South Urals)(Figure 1), 80 km north-west of 

Chelyabinsk City, Russia. The lake is a natural monument, 

and since the 1970s it has been included in the international 

list of the most valuable lakes in the world.  

The studies were conducted in June-July 2014 

(Mashkova et al. 2017). For the study, five sites were 

selected at Lake Uvildy (Figure 1, Table 1).  

Procedures 

Identification of phytoplankton species 

At each site, the samples were collected and then 

filtered through the plankton net (mesh size: 100 µm). The 

retained organisms were transferred into glass containers, 

and the collected material was preserved in 5% formalin 

(Abakumov 1983).  

Non-diatom algae were analyzed using a magnification 

of 600× (Altami BIO 2T microscope, Altami Ltd, Russia, 

St. Petersburg.). Permanent diatom slides were prepared 

after oxidizing the organic material (by nitric acid and 

sulfuric acid), and at least 300 valves were counted for 

each sample using an Altami BIO 2T microscope at 1000× 

under oil immersion. 

Species were identified using the handbooks by 

Sladecek (1973), Yarushina et al. (2004), and Al-Kandari 

et al. (2009). 

 

 

 
 

 
 

Figure 1. Map of the South Urals region and location of the sites Lake Uvildy (South Urals), Chelyabinsk, Russia 

 

 

 
Table 1. Coordinates of sites on Lake Uvildy (South Urals), Chelyabinsk, Russia 

 

Sites Coordinates Characteristics 

Site 1 55 ° 32'9.13 "N, 60 ° 25'34.05" E The sites are located in the zones of the densest recreational load of the coast 

(various sanatoriums, recreational centers, settlements) and flooded tree and 

shrub vegetation located at the distance of 50-70 m from the shore. The water in 

the studied areas is characterized by turbidity and high chromaticity. 

Site 2 55 ° 31'47.91 "N, 60 ° 26'50.46" E 

Site 3 55 ° 31'41.29 "N, 60 ° 29'58.96" E 

Site 4 55 ° 31'47.42 "N, 60 ° 33'38.89" E 

Site 5 55 ° 32'55.95 "N, 60 ° 31'54.10" E The site in the center of the lake was chosen as a background site. 

SOUTH URALS 
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Chelyabinsk 

Chelyabinsk City 

Lake Uvildy 

1 

3 4 

2 
5 
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Analysis of the physicochemical parameters  

The following instream parameters, including pH, 

dissolved oxygen (DO), and water temperature (WT) were 

measured in situ by a Portable Meter (Multitest IPL-513, 

Semico Ltd, Russia, Novosibirsk). The conductivity 

(COND) and salinity (SALIN) were measured in situ by a 

Portable Meter (Multitest KSL-111, Semico Ltd., Russia, 

Novosibirsk). 

At each site, water samples were also collected for 

further laboratory analysis, including redox potential (Eh), 

nitrate-nitrogen (NO3
-), nitrite-nitrogen (NO2

-), 

ammonium-nitrogen (NH4
+), orthophosphate-phosphorus 

(PO4
3-), chlorides (Cl-), sodium (Na+), potassium (K+ ), 

total hardness (H), calcium hardness (Са2+), bicarbonates 

(HCO3
-), permanganate oxidability ([O]), and total iron 

(Fe). For spectrophotometric analysis, the 

Spectrophotometer KFK-3 was used. All the parameters 

were measured in the laboratory of the Department of 

Chemistry of the South Ural State University according to 

the standard methods (Mashkova et al. 2017). 

Data analysis 

The Shannon inhomogeneity index was used to evaluate 

the phytoplankton community structure (Motwani et al. 

2014): 
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Where: pi = ni / N is the share of the i-th species in the 

biotope, ni is the number of the i-th species, N is the total 

number of organisms. 

To determine the taxonomic similarity, we used the 

Sorensen-Chekanovski quantitative similarity index 

calculated using ExcelToR, an application for sharing 

Microsoft Excel and a statistical processing program "R" 

(Nowakowski 2016). 

The Sorensen-Chekanovski index: 
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Where: Ai is the number of organisms of the i-th 

species in community A, Bi is the number of organisms of 

the i-th species in community B, N is the total number of 

species in the corresponding community. 

To evaluate the degree of the water body’s 

contamination, we used an extended method to analyze the 

saprobity of water bodies based on Pantle-Bucc method 

(Barinova et al. 2006) in the Sladecek modification 

(Sladecek 1973), using the indices of the number of cells of 

the indicator species and the value of the indicator 

significance of species in the formula. 

The index of the organic pollution of water bodies by 

the algae community (Barinova et al. 2006): 

 

,





=

=



=
N

1i

i

N

1i

ii

h

hS

S

  (3) 
 

Where: S is the degree of saprobity in the studied zone 

of the water body; Si is the saprobic value of the 

saprobiotic organism; hi is the frequency of occurrence of 

the saprobiont in the sample. 

Values of saprobity indices by the zones (Barinova et 

al. 2006): (i) Xenosaprobic (maximally clear water) S = 0-

0.50; (ii) Oligosaprobic (clear water) S = 0.51-1.5; (iii) β-

mesosaprobic (satisfactorily clear water) S = 1.51-2.50; (iv) 

α-mesosaprobic (contaminated water) S = 2.51-3.50; (v) 

Polysaprobic (dirty water) S = 3.51-4.00. 

The relationship between the phytoplankton community 

and the environmental factors was analyzed using the 

Canonical Correspondence Analysis (CCA). Microsoft 

Excel 2013 and software module "Graphs" (Nowakowski 

2004) were used to organize and analyze the data. 

RESULTS AND DISCUSSION 

Study of the species composition of phytoplankton of 

Lake Uvildy 

The sampling was made during the vegetation period in 

June-July 2014 at 5 sites in the north-west and northeast of 

Lake Uvildy (see Figure 1). The species composition and 

the abundance of the phytoplankton community are 

presented in Table 2. 

There are 38 species and intraspecific taxons were 

registered in the phytoplankton composition of Lake 

Uvildy as a result of the observations (Table 3). They 

belong to 31 genera, 24 families, 13 orders, 11 classes, 6 

divisions. The diatom, green and blue-green algae 

prevailed by the number of the registered species. 

The dominant divisions by the phytoplankton 

abundance were diatom (Bacillariophyta), they represented 

42% of the total number of species, and blue-green algae 

(Cyanophyta), which corresponded to 39% of the total 

number of species. (Kostryukova et al. 2015). Studies of 

phytoplankton in Lake Uvildy in 2005-2006 (Snitko and 

Snitko 2011) showed a predominance of diatoms (40% of 

the total number of species) and green algae (34% of the 

total number of species). The superiority of the algae of the 

Cyanophyta division is typical of oligotrophic lakes of the 

temperate zone, which includes Lake Uvildy. The richest in 

the species diversity were the families of Microcystaceae, 

Nostocaceae from the Cyanophyta division, and 

Naviculaceae, Fragilariaceae from the Bacillariophyta 

division. Algae of the families Microcystaceae and 

Nostocaceae are known for their blooms. Naviculaceae and 

Fragilariaceae are often the most dominant groups among 

other microscopic algae throughout the year in aquatic 

ecosystems. Some dominant phytoplankton species of Lake 

Uvildy are shown in Figure 2: Fragilaria crotonensis (14.39% 

of the total number of algae), Asterionella formosa 

(14.72% of the total number of algae) и Microcystis 

aeruginosa (4.58% of the total number of algae). 
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Table 2. Phytoplankton richness and abundance (unit/L) in Lake Uvildy (South Urals), Chelyabinsk, Russia 

 

Species Site 1 Site 2 Site 3 Site 4 Site 5 

Bacillariophyta      

Asterionella formosa Hassall  +  ++++ + 

Aulacoseira granulata (Ehrenberg) Simonsen ++++     

Cymbella cistula (Ehrenberg) O.Kirchner     + 

Diatoma vulgare Bory +     

Epithemia argus (Ehrenberg) Kützing    +  

Epithemia turgida var. turgida (Ehrenberg) Kützing    + + 

Fragilaria crotonensis Kitton ++++ ++++ ++++ ++++ ++ 

Gyrosigma acuminatum (Kützing) Rabenhorst    +++  

Navicula radiosa Kützing +   +  

Pinnularia viridis (Nitzsch) Ehrenberg     + 

Rhopalodia gibba (Ehrenberg) Otto Müller   +  + 

Surirella linearis W.Smith    +  

Synedra ulna (Nitzsch) Ehrenberg +     

      

Cyanophyta      

Anathece clathrata (W.West & G.S.West) Komárek, Kastovsky & Jezberová    +  

Dolichospermum circinale (Rabenhorst ex Bornet & Flahault) P.Wacklin, L.Hoffmann 

& J. Komárek 
+++     

Dolichospermum flosaquae (Brébisson ex Bornet & Flahault) P.Wacklin, L.Hoffmann 

& J. Komárek 
++++ +++    

Dolichospermum lemmermannii (Richter) P.Wacklin, L.Hoffmann & J.Komárek ++++ ++++ +++ ++++ +++ 

Merismopedia elegans A.Braun ex Kützing    +  

Microcystis aeruginosa (Kützing) Kützing ++++   ++ + 

Microcystis pulverea (H.C.Wood) Forti +++     

Oscillatoria limosa C.Agardh ex Gomont    +  

Woronichinia naegeliana (Unger) Elenkin ++     

      

Chlorophyta      

Closterium parvulum Nägeli +     

Coenococcus planctonicus Korshikov ++ ++ ++ +++ + 

Cosmarium caelatum Ralfs    +  

Eudorina elegans Ehrenberg    +  

Mucidosphaerium pulchellum (H.C.Wood) C.Bock, Proschold & Krienitz +   + + 

Oocystis borgei J.W.Snow +     

Scenedesmus quadricauda (Turpin) Brébisson +   +  

Sphaerellocystis ampla (Kützing) Nováková  +    

Staurastrum paradoxum Meyen ex Ralfs +   ++ + 

      

Euglenophyta      

Euglena gracilis G.A.Klebs     + 

Euglenaformis proxima (Dangeard) M.S.Bennett & Triemer +     

Lepocinclis acus (O.F.Müller) Marin & Melkonian     +++ 

Trachelomonas euchlora (Ehrenberg) Lemmermann    +  

      

Chrysophyta      

Dinobryon divergens O.E.Imhof    +++  

Dinobryon sociale var. americanum (Brunnthaler) Bachmann    +  

      

Dinophyta      

Ceratium hirundinella (O.F.Müller) Dujardin   ++++ ++  

Note: +-0-50 rare, ++-50-100 frequent, +++-100-200 common, ++++-200 abundant (Sladecek 1973) 

 

 

 

The Shannon index values calculated by the results of 

the algal abundance for each sampling site ranged from 

1.27 to 2.21 (Figure 3). The species diversity of algae in 

Lake Uvildy was the lowest close to the center of the lake 

(site 3). In the remaining sites of the lake's surface layer, a 

higher species diversity was registered in the coastal zones. 

Near these points resorts, zone of private cottages and 

decaying submerged trees and shrubs are located, that is 

they are characterized by a higher organic pollution 

compared to point 3. Snitko (2004) showed that in another 

water body of the South Ural, Lake Turgoyak, there was 

the same tendency. The zones of localization of 

phytoplankton abundance and biomass were confined to 

the coastal places of the largest complex organic pollution 
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(holiday house, residential settlement, city beach) and 

shallow gulfs.  

According to (Snitko and Snitko 2011) in May-July 

2006, the indices of saprobity ranged from 1.97-2.30, and 

in August-September, they decreased to 1.33-1.77. The 

authors associate higher values of the index of saprobity in 

the first half of summer with an increased nutrient load 

from flooded coastal areas during the summer recreation. 

The saprobity indices evaluating the degree of water 

contamination in the studied sites in June-July 2014 varied 

within the following values of 1.63-2.35 (Figure 4). The 

water in Lake Uvildy refers to the β-mesosaprobic zone as 

well as in 2006, i.е., it is characterized by a satisfactory 

purity degree. The most polluted is site 2, where several 

recreation centers and a dense zone of private cottages are 

located, and the lowest species diversity is observed for it 

among the studied sites in the coastal zone. A high value of 

the saprobity index is also observed in background site 3. 

Perhaps the low species diversity in this site, according to 

the Shannon index, is not only preconditioned by its 

location in the center of the lake, but also by a more 

polluted water condition. 

Further analysis of the phytoplankton community by the 

species similarity was conducted using the cluster analysis 

based on the calculation of the Sorensen-Chekanovski 

index showed that the sites are divided into two zones: I-

sites 2 and 3, and II-sites 1, 4 and 5 (Figure 5). The highest 

similarity degree was found between the algal floras of 

sites 2 and 3. The above data on the species diversity and 

the degree of water contamination confirm the allocation of 

sites 1 and 2 into a separate zone.  

The species registered in each of the studied sites 

include Coenococcus planctonicus, Dolichospermum 

lemmermannii and Fragilaria crotonensis (Table 1). Over a 

half of the number of the observed species were found only 

in one of the sites: Oocystis borgei, Closterium parvulum, 

Dolichospermum circinale, Woronichinia naegeliana, 

Euglenaformis proxima, Diatoma vulgare, Synedra ulna 

(Site 1), Sphaerellocystis amplaи, Cymbella cistula (Site 

2), Rhopalodia gibba (Site 3), Cosmarium caelatum, 

Anathece clathrata, Merismopedia elegans, Oscillatoria 

limosa, Trachelomonas euchlora, Dinobryon sociale var. 

americanum, Dinobrion divergens, Epithemia argus, 

Surirella linearis (Site 4), Eudorina elegans, Lepocinclis 

acus, Euglena gracilis, and Pinnularia viridis (Site 5). 

 
Table 3. Taxonomic composition of plankton algae in Lake 

Uvildy (South Urals), Chelyabinsk, Russia 

 
Divisions Taxons 

Class Order Family Genus Species 

Chlorophyta 4 4 8 9 9 

Bacillariophyta 2 3 8 12 13 

Cyanophyta 2 3 5 6 9 

Euglenophyta 1 1 1 2 4 

Chrysophyta 1 1 1 1 2 

Dinophyta 1 1 1 1 1 

Total 11 13 24 31 38 

 

 

 
 

Figure 3. Shannon index values for different sites 

 

 

 
 

Figure 4. Saprobity index values for different stations 
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Figure 2. Dominant phytoplankton species of Lake Uvildy (South Urals), Chelyabinsk, Russia. A. Asterionella formosa, B. Fragilaria 

crotonensis, C. Microcystis aeruginosa 
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Figure 5. Similarity of the sites by the species composition of 

phytoplankton (Sorensen-Chekanovski index) 

 

 

 
 

Figure 6. Ordination diagram from the correspondence analysis 

 

Influence of environmental factors 

Physicochemical parameters of the water quality in 

Lake Uvildy obtained as a result of the studies in June-July 

2014 are presented in the work of Mashkova et al. 

(2017).To evaluate the relationship between the water 

quality indices and the number of observed phytoplankton 

species, we conducted the canonical correlation analysis in 

each of the five sites under study (Table 4). There is 

approximately the same positive correlation with axis 1 for 

most parameters, such as TW, DO, pH, Eh, COND, 

SALIN, SO4
2-, Cl-, HCO3

-, Na+, K+, Ca2+, and a very weak 

correlation for NO2
-, H2S, H, Mg2+, and Fe. A strong 

negative correlation with axis 2 is registered for PO4
3-, a 

weaker one-for [O], NH4
+, NO3

-, CO2 (Figure 6). 

The studied sites are divided into three different groups 

by the eighteen physicochemical characteristics and the 

species composition of phytoplankton. Wherein, one of 

them includes sites 2, 3 (zone I) and site 5, which is 

apparently still closer to zone I by its characteristics 

(Figure 6). The left upper quadrant includes the species that 

require enough clear water for their growth and vital 

activity (site 4). They include three algae species that are 

universal in occurrence: Coenococcus planctonicus, 

Dolichospermum lemmermannii, and Fragilaria 

crotonensis. The lower right quadrant includes 

phytoplankton species that can live in the conditions of a 

lower water quality (sites 2 and 3). The upper right 

quadrant includes the species that occupy an intermediate 

position (site 1). Any previous studies related to this 

research in similar or different locations in Russia? If any, 

please present and compare it. 

 
 

Table 4. Codes of algae species in Lake Uvildy, Chelyabinsk, 

Russia for the canonical conformity analysis 

 

Species Code 

Bacillariophyta  

Asterionella formosa B1 

Aulacoseira granulata B2 

Cymbella cistula B3 

Diatoma vulgare B4 

Epithemia argus B5 

Epithemia turgida var. turgida B6 

Fragilaria crotonensis B7 

Gyrosigma acuminatum B8 

Navicula radiosa B9 

Pinnularia viridis B10 

Rhopalodia gibba B11 

Surirella linearis B12 

Synedra ulna B13 

  

Euglenophyta  

Lepocinclis acus E1 

Euglena gracilis E2 

Euglenaformis proxima E3 

Trachelomonas euchlora E4 

  

Chrysophyta  

Dinobryon divergens Chr1 

Dinobryon sociale var. americanum Chr2 

  

Dinophyta  

Ceratium hirundinella D 

  

Cyanophyta  

Dolichospermum flosaquae C1 

Dolichospermum circinale C2 

Dolichospermum lemmermannii C3 

Anathece clathrata C4 

Merismopedia elegans C5 

Microcystis aeruginosa C6 

Microcystis pulverea C7 

Oscillatoria limosa C8 

Woronichinia naegeliana C9 

  

Chlorophyta  

Closterium parvulum Ch1 

Coenococcus planctonicus Ch2 

Cosmarium caelatum Ch3 

Mucidosphaerium pulchellum Ch4 

Eudorina elegans Ch5 

Sphaerellocystis ampla Ch6 

Oocystis borgei Ch7 

Scenedesmus quadricauda Ch8 

Staurastrum paradoxum Ch9 
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In conclusion, Lake Uvildy is the largest lake located in 

the South Urals and has the status of a specially protected 

natural monument. The phytoplankton composition of Lake 

Uvildy is represented by 38 species belonging to 6 

divisions. Out of them, the algae of the Bacillariophyta 

division prevail. This points at the oligotrophic condition of 

the lake, despite the fact that in the 70s of the 20 century, it 

was subject to a severe anthropogenic impact, which led to 

a deterioration in the coastal water quality and the degree 

of recreational comfort in the coastal zone. The following 

species are dominant: Fragilaria crotonensis, Asterionella 

formosa, Dolichospermum lemmermannii, Microcystis 

aeruginosa, and Coenococcus planсtonicus. In general, the 

ecological water condition of Lake Uvildy is regarded as 

satisfactorily clear.  
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Abstract. Sutiyono, Sutopo, Ondho YS, Setiatin ET, Samsudewa D, Suryawijaya A, Lestari DA, Kurnianto E. 2018. Genetic diversity of 
Ongole Grade Cattle of Rembang District, Central Java, Indonesia, based on blood protein polymorphism. Biodiversitas 19: 1429-
1433. The objective of this study was to identify genetic diversity in Ongole Grade cattle of Rembang District, Central Java, Indonesia, 
based on blood-protein polymorphism. A total of 34 blood samples were collected from unrelated Ongole Grade cattle and the blood 
plasm was used to identify the blood proteins. Blood protein analysis was performed using Sodium Dodecyl Sulfate-Polyacrilamide Gel 
Electrophoresis (SDS-PAGE). Observed bands were used to perform allele interpretation of four loci, namely Albumin (Alb), Post-
albumin (Po-Alb), Ceruloplasmin (Cp) and Amylase-1 (Am-1). Results showed the presence of polymorphism in all of the four blood-
protein loci, average heterozigosity value (H) being 0.506 and almost all of the blood-protein loci studied showed deviation from Hardy-
Weimberg Equilibrium (HWE). In conclusion, the study indicated that population of Ongole Grade cattle in Rembang, Indonesia has 
high genetic diversity.  
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Abbreviation: Alb: Albumin, Po-Alb: Post-albumin, Cp: Ceruloplasmin, Am-1: Amylase-1, HWE: Hardy-Weimberg Equilibrium, H: 
Average Heterozogosity 

INTRODUCTION 
 

As one of the local cattle of Indonesia, Ongole Grade 
(Ind.: Peranakan Ongole) is the most breed farmed cattle in 
Java island, especially in Central Java (Rohyan et al. 2016). 
Based on the Decree of the Ministry of Agriculture No. 
404/Kpts/PK.010/7/2017, Rembang district is designated as 
one of the Ongole Grade cattle germ locations in Central 
Java. Nevertheless, Rembang District becomes the second 
regency, after Kebumen District which was previously 
established, to be designated as Ongole Grade cattle germ 
location in Central Java. As a result, Rembang’s Ongole 
Grade cattle have been certified free from zoonosis and 
deserve to be used as livestock germs. This, in turn, can 
play an important role in materialising the government’s 
desire of increasing cattle population in Indonesia, 
especially in Central Java Province.  

Ongole Grade cattle is the result of a cross between 
Sumba Ongole and Java cattle (Suyadi et al. 2014). Sutarno 
and Setyawan (2016) stated that Ongole Grade cattle have 
white-gray skin, long tail, black fur around the eyes, short 
head, short horns, long straight ears, and a rather large 
belly and they are the crossing result of Javanese cattle 
(Bos javanicus) and Ongole cattle (Bos indicus). An earlier 
study based on mtDNA Cyt b gene sequence has indicated 
that the Ongole Grade cattle in Indonesia, especially in 

Kebumen, have blood relation with Brahman cattle 
(Hartatik et al. 2018). SRY gene sequence study has also 
revealed close relationship with Bos indicus and Madura 
cattle (Hartatik et al. 2017). It has been known for their 
tame and strong body, Ongole Grade cattle are famous as 
working and beef cattle and they are also able to wtithstand 
and grow under limited environmental conditions (Sutarno 
and Setyawan 2016). Ongole Grade cattle also have lean 
meat (Ngadiyono et al. 2014) and good reproductive 
performance (Suyadi et al. 2014; Rohyan et al. 2016; 
Ngadiyono et al. 2017). As one of the local livestock 
genetic resources, Ongole Grade cattle needs to be 
maintained and preserved. It is necessary to know about the 
genetic diversity of Ongole Grade cattle population in 
Rembang in order to understand their genetic status. An 
insight into the pattern and extent of genetic diversity in a 
breed may assist in the development of more rational 
breeding programs and is also a prerequisite in the 
conservation of its genetic resources (Felius et al. 2014). 

Recent studies on genetics and breeding of Ongole 
Grade cattle explores various aspects like genetic 
relationship (Hartatik et al. 2017; Hartatik et al. 2018), 
heritability of body size (Paputungan et al. 2015) and 
breeding value estimating of sire superiority (Sumadi et al. 
2017). But, the genetic diversity of Ongole Grade cattle is 
rarely investigated. Besides through DNA (deoxyribo 



 BIODIVERSITAS 19 (4): 1429-1433, July 2018 

 

1430

nucleic acid), genetic diversity can be also measured 
through blood protein locus (Agaviezor et al. 2013; Johari 
et al. 2013; Egena and Alao 2014; Pal and Mummed 2014; 
Oguntunji and Ayorinde 2015; Demir and Mert 2015; 
Zaabza et al. 2015; Musa et al. 2016; Akintan et al. 2017; 
Windusari et al. 2017). Blood protein also can be used as 
livestock physiological characteristic data (Utomo et al. 
2017), imunogenetic marker of animals (Hrinca 2015; 
Tothova et al. 2016) and identification of phylogenetical 
relationships (Nigussie et al. 2016).  

Furthermore, identification of protein polymorphism 
can be used to study gene sequences that have impact on 
physiological pathway and closely related to phenotypic 
traits. Previous researchers have also explored the 
possibility of using protein polymorphism as genetic 
markers for production and reproduction traits (Ismoyowati 
2008; Yadav et al. 2013; Yakubu et al. 2014; Aygun 2016; 
Yuwono et al. 2017; Sutiyono et al. 2018). Discovery of 
such genetic markers has the potential to substantially 
enhance the accuracy of selection, especially in economical 
traits such as body weight. The body weight is the main 
parameter of the production performance and it determine 
the sale value of a livestock. 

 Polymorphism of blood-protein can be detected by 
polyacrylamide gel electrophoresis model (Gahne et al. 
1977). Individual genotypic variation would be described 
by polymorphism of blood-protein and it can lead to 
variation of gene frequency in population (Sari et al. 2011). 
Thus, this study was aimed to identify genetic diversity in 
Ongole Grade population in Rembang District, Indonesia, 
based on blood-protein polymorphism. 

MATERIALS AND METHODS 

Sample collection 
A total of 34 blood samples were collected from 

unrelated Ongole Grade cattle in Rembang District, Central 
Java, Indonesia. Blood was taken by using 5 cc disposable 
syringe through Jugular venous that was cleaned with 
alcohol before. Later it was transferred to vacutainer tubes 
with an anticoagulant (EDTA), stored in a cool box 
containing ice gel and transported to the laboratory for 
analysis. The blood was centrifuged to separate blood 
plasm and blood cell. The separated blood plasm was then 
used to identify blood protein. The chest circumference of 
the cattle was also measured to obtain estimated value of 
their body weight. 

Electrophoresis 
Blood plasm was diluted using aquadest (blood plasm: 

aquadest = 1 µL: 19 µL) and mixed with blue juice (blood 
plasm: blue juice = 4: 1). Sample was then heated to 100C 
for 3 minutes and was cooled in ice water. Blood protein 
analysis was performed using Sodium Dodecyl Sulfate-
Polyacrilamide Gel Electrophoresis (SDS-PAGE) (Gahne 
et al., 1977). 10 µL sample was loaded into gel and running 
time was 2 hours at 120 V. The gel was stained with 
staining solution (20 ml Glacial Acetic Acid, 80 ml 
Methanol, 100 ml Aquadest, 0.2 g Coomassie Blue) for 1 

hour on a shaker and destained with destaining solution 
(same as staining solution but without Coomassie blue) 2 
times for 45 minutes. Observed bands were used to perform 
allele interpretation of four locus consisting of Albumin 
(Alb), Post-albumin (Po-Alb), Ceruloplasmin (Cp) and 
Amylase-1 (Am-1).  

Data analysis 
Allele frequency was calculated using the following 

formula of Warwick et al. (1995):  
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Where:  
FAi = Allele frequency of allele A on locus i  
 
Genetic diversity within Ongole Grade population was 

quantified by measuring average heterozigosity (H). H was 
estimated from expected propotion of locus heterozigosity 
using formula of Nei (1987), as follows:  
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Where:  
qi = allele frequency in each protein locus 
m = number of allele 
r = number of locus 
 
Expected genotype frequency value was calculated 

based on Hardy-Weinberg Equilibrium (HWE) theory 
(Falconer and Mackay 1996) by following equation:  

p2 + 2pq + q2 = 1 (for 2 alleles), or 
p2 + 2pq + 2pr + q2 + 2qr + r2 =1 (for 3 alleles) 
 
Where:  
p = allele frequency of first allele 
q = allele frequency of second allele 
r = allele frequency of third allele 
HWE was calculated using Chi-square test that was 

applied to compare the heterozygosity value between 
expected and observed genotype value (Hartl and Clark 
1997):  
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Where:   
X2 = Chi square value 
oi = observed genotype frequency value 
ei = expected genotype frequency value 
 
X2 table using 5% significance level for HWE test 
 
Body weight data was calculated by using body weight 

estimation formula from Schoorl formula (Kusumo et al. 
2014):  
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100
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Where:  
BW = estimated body weight (kg)  
cc = chest circumference (cm) 
 
General Linier Model procedure and Duncan test were 

used to test the significance of differences between means 
of body weight to discover the impact of genotype 
differences in each locus. 

RESULTS AND DISCUSSION 

The blood protein plasma electrophoresis clearly 
distinguished 4 protein loci, which are Albumin (Alb), 
Post-albumin (Po-Alb), Ceruloplasmin (Cp) and Amylase-1 
(Am-1) as presented in Figure 1. A total of 10 alleles for 4 
blood protein locus were observed. Estimated allele 
frequency are presented in Table 1. 

 
 
 

 
 
Figure 1. An example result of the blood protein plasma 
electrophoresis of Ongole Grade Cattle population in Rembang 
District, Central Java, Indonesia  
 
 
 
 
Table 1. Allele frequency 
 

Locus Allele Frequency 

Albumin (Alb) A 0.206 
B 0.500 
C 
 

0.294 

Post Albumin (Po-Alb) A 0.353 
B 
 

0.647 

Ceruloplasmin (Cp) F 0.412 
S 
 

0.588 

Amylase-1 (Am-I) B 0.456 
C 
 

0.544 

 

Ongole Grade had three alleles distributed in Albumin 
loci, which were AlbA, AlbB and AlbC. AlbA allele moved 
faster to positive pole than AlbB allele, and AlbC allele was 
the slowest. Frequency of AlbB allele was the highest 
compared to the other two alleles. Four genotypes were 
identified in Albumin loci consisting of homozygous BB 
genotype and heterozygous AB, BC and AC genotypes, 
while homozygous AA and CC genotypes were not found. 
This result was different from a previous study in which 
only two alleles (AlbA and AlbB) were discovered on 
Albumin loci in Ongole Grade dam (Yuwono et al. 2016). 
However, this result is parallel with that of Sutopo et al. 
(2001) which reported that Ongole Grade has three alleles 
in Albumin loci, namely AlbA, AlbB and AlbC with allele 
frequency 0.233, 0.722 and 0.045, respectively. Further, 
findings of this study are also supported by other studies 
which have indicated that most of the Indonesian cattle 
such as Bali cattle, Madura cattle, Java cattle and Ongole 
Grade cattle have three alleles in their Albumin loci 
(Sutopo et al. 2001; Johari et al. 2007). Similar result was 
obtained with Hainan cattle and Wenshan cattle from China 
(Nie et al. 1999). Only two alleles for Albumin loci has 
been reported in some European cattle such as Slovak 
Spotted cattle (Zitny et al. 2007), Droughtmaster Cattle 
(Ashton et al. 1966), Brangus-Ibage cattle (Henkes et al. 
2000) and Romanian Black Spotted cattle (Rebedea et al. 
2005).  

Post albumin loci in Ongole Grade has 2 alleles, namely 
Po-AlbA and Po-AlbB. Po-AlbA allele moved faster than Po-
AlbB allele toward positive pole. Only homozygous 
genotypes were observed in post albumin loci, namely AA 
and BB. It is noteworthy that Ongole Grade population in 
Rembang had no heterozygous genotypes for this loci. Post 
albumin loci was predominated by Po-AlbB allele and 
homozygous BB genotype with frequency of 0.647. This is 
similar to the research conducted by Gahne et al. (1977) in 
Swedish Friesien, Charolais, Simmental and Hereford 
cattle where in Post albumin loci was dominated by Po-
AlbB alleles with allele frequency 0.68, 0.86, 0.75 and 0.98, 
respectively. On the contrary, Yuwono et al. (2016) 
reported that homozygous AA genotype and Po-AlbA allele 
frequency was the highest in Post Albumin loci of Ongole 
Grade. According to Nie et al. (1999), some Chinese cattle 
is monomorphic (100% allele frequency) in Post Albumin 
loci which had only B alleles, causing genetic fixation. 

In this study, two alleles were identified in 
Ceruloplasmin loci. CpF alleles migrated more quickly to 
positive pole than CpS alleles. Both homozygous and 
heterozygous genotypes were observed in this study, 
namely FF, SS and FS with frequency 0.294, 0.471 and 
0.235, respectively. The allele gene frequency of CpS 
(0.588) was higher than CpF (0.412). This result is in 
accordance with Yuwono et al. (2016), who reported that 
Ongole Grade has higher CpS allele gene frequency than 
CpF. This differs from the finding of Sutopo et al. (2001) 
that allele frequency in Ceruloplasmin was 0.750 and 0.250 
for CpF and CpS, respectively. Ceruloplasmin plays a role 
in maintaining cell integrity through cytoprotective and 
various antioxidative activities and it also facilitates 
binding of Fe to Transferin protein (Demir and Mert 2015). 
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Two alleles Am-1B and Am-1C, were observed in 
Amylase-1 loci in Ongole Grade cattle. Am-1C alleles 
(0.544) were commonly found compared to Am-1B alleles 
(0.456) and three genotypes namely BB, CC and BC were 
obtained. Am-1C allele migrated slower than Am-1B to 
positive pole. However, there were alleles that are slightly 
lower in position (slower) than Am-IC allele in 2 of the 34 
samples investigated. It was named Am-IC’. Further 
research is needed to confirm whether this allele is a novel 
discovery or not. According to previous reports, Ongole 
Grade as well as other Indonesian cattle has two alleles in 
Amylase-1 loci (Yuwono et al. 2015; Sutopo et al. 2001).  

Genetic diversity of Ongole Grade population in 
Rembang was estimated by heterozygosity value and Chi-
square test was performed to determine HWE (Table 2). 
Average heterozygosity (H) of Ongole Grade population 
was up to 50% and the highest loci heterozygosity (h) was 
observed in Albumin. Chi-square test for HWE showed all 
protein-blood loci were not in HWE. H value in this study 
was higher than previously reported values for other local 
cattle. Sutopo et al. (2001) reported that heterozygosity 
value for Bali cattle, Madura cattle, Java cattle and Ongole 
Grade cattle was 0.057, 0.210, 0.195 and 0.172, 
respectively. Sutarno et al. (2015), based on analysis of five 
microsatellite loci, reported that genetic diversity in Ongole 
Grade cattle was in moderate level. Nei and Kumar (2000) 
stated that heterozygosity value is the average percentage 
of individual heterozygous loci or the percentage of 
heterozygous individuals in a population. The H value of 
this study indicates that Ongole Grade population in 
Rembang has high diversity. It is advantageous to have 
high H value because of the fact that farther the genetic 
relationship, lesser is the possibility of inbreeding. High 
heterozygosity value shows that animals have various 
traits, either favorable or unfavorable (Warwick 1995). 
High genetic diversity indicates a relatively higher genetic 
inheritance potential in genes derived from each protein 
locus (Ismoyowati, 2008). According to Nei (1987), H 
value ranges from 0-1, in which higher the value, higher is 
the genetic diversity. Most of the blood protein loci in 
Ongole Grade showed deviations from HWE. It may be 
due to mutations, genetic drift, gene flow, non-random 
mating and natural selection (Jankowska et al. 2011). 

The result of body weight analysis of Ongole Grade 
cattle in Rembang is presented in Table 3. The highest 
body weight means, in each locus, the genotype is 
homozygous. They were BB genotype in Alb loci, AA 
genotype in Po-Alb loci, FF genotype in Cp loci and BB 
genotype in Am-1 loci. However, within the same blood 
protein locus, no significant association between body 
weight and genotype was observed (P>0.05). Similar study 
in Pigs by Yanfang et al (2002) showed that AA genotype 
in Am-1-1 loci was significantly higher than other 
genotypes in birth weight and the AA genotype in Pa loci 
was significantly higher in daily gain of live-weight. 
Yakubu et al (2014), showed that AA genotype in HB loci 
was significantly higher than other genotypes in body 
weight of goat. 
 
 
 

Table 2. Genotype frequency, HWE and heterozygosity 
 

Locus Genot. Freq. Obs. Exp. 
Test 

of 
HWE 

h H 

Albumin 
(Alb) 

AA 0 0 1.44 X2 = 
19.01* 

 

0.621 
 

0.515 
BB 0.324 11 8.50 
CC 0 0 2.94 
AB 0.088 3 7.00 
BC 0.265 9 10.00 
AC 

 
0.324 11 4.12 

Post Albumin 
(Po-Alb) 

AA 0.353 12 4.24 X2 = 
34* 

0.457 
BB 0.647 22 14.23 
AB 

 
0 0 15.53 

Cerulopasmin 
(Cp) 

FF 0.294 10 5.76 X2 = 
8.52* 

0.484 
SS 0.471 16 11.77 
FS 

 
0.235 8 16.47 

Amylase-1  
(Am-1) 

BB 0.324 11 10.07 X2 = 
7.40* 

 

0.500 
CC 0.411 14 7.06 
BC 0.265 9 16.87 

Note: h: individual heterozygosity, H: average heterozygosity 
 
 
Table 3. The body weight of Ongole Grade cattle in Rembang 
District, Central Java, Indonesia 
 

Locus Genotype Body weight 

Albumin (Alb) BB 372.32 
 AB 346.13 
 AC 372.08 
 BC 357.43 
   
Post Albumin (Po-Alb) AA 373.26 
 BB 362.03 
   
Ceruloplasmin (Cp) FF 370.42 
 SS 364.36 
 FS 363.71 
   
Amylase-1 (Am-I) BB 373.48 
 CC 364.19 
 BC 359.64 
 

 
In conclusion, population of Ongole Grade cattle in 

Rembang has high genetic diversity as showed by 
polymorphism observed in their alleles and genotypes, and 
a high heterozygosity value. Most of the blood protein loci 
showed deviation from HWE. This high genetic diversity 
condition needs to be maintained for the purpose of 
conservation and also for avoiding inbreeding.  
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Abstract. Seyed Hosseini SM, Paighambari SY, Pouladi M, Shabani MJ. 2018. Estimation of CPUE and CPUA of three caught fish by 
bottom trawler in the Motaf fishing grounds, Bushehr Province, Persian Gulf, Iran. Biodiversitas 19: 1434-1440. This study was 
conducted to estimate catch per unit effort (CPUE) and catch per unit area (CPUA) of Giant trevally (Caranx ignobilis Forsskål, 1775), 
Bigeye scad (Selar crumenophthalmus (Bloch, 1793), and Sulphur goatfish (Upeneus sulphureus (Cuvier, 1829). Sampling operations 
were done by a stern trawler in the Motaf fishing grounds located in the Persian Gulf during summer 2016. Overall, 36 hauls were done 
in two depths of 50-60 m and 60-70 m. In this research, the highest length frequencies of C. ignobilis, S. crumenophthalmus, and U. 
sulphureus were in the length classes of 56.5-61.5, 22-23.5 and 14-15.5 cm, respectively. The results of CPUE for C. ignobilis, S. 
crumenophthalmus, and U. sulphureus were 3, 0.159 and 0.078 kg h-1, while the results of CPUA were 45.03, 2.44 and 1.91 kg km-2, 
respectively. Also, CPUE values for mature and immature forms of C. ignobilis were 5.05 and 0.65 kg h-1, for S. crumenophthalmus 
were 0.2 and 0.07 kg h-1, and for U. sulphureus were 0.13 and 0.04 kg h-1, and CPUA values for C. ignobilis were 22.51 and 5.02 kg km-

1, for S. crumenophthalmus were 22.03 and 10.95 kg km-1, and for U. sulphureus were 27.4 and 12.77 kg km-1 at the depths of 50-60 m 
and 60-70 m, respectively. Finally, it was concluded that effective fishing of C. ignobilis and U. sulphureus is affordable at depths above 
60-70 m, and it was not different for S. crumenophthalmus at fishing depths. 

Keywords: Bigeye scad, bottom trawler, giant trevally, sulphur goatfish, Persian Gulf  

INTRODUCTION 

Carangidae is a family of fish which is among the most 
valuable commercial fish on the coast of Bushehr, Iran, in 
the Persian Gulf. This family has a large variety of 
different species and has 140 known species in the world 
(Carpenter et al. 1977; Honebrink 2000; Smith-Vaniz 2003; 
Nelson 2006). Its species are distributed in all tropical and 
subtropical waters of the world, and they are one of the 
most important reserves in the Persian Gulf and Oman Sea 
which need to be further understood in the environmental 
field. Most species have been found in estuaries and saline 
waters, while some are oceanic and live far from the coasts. 
It's a carnivorous hunter and feeds on crustaceans and fish. 
Overall, 45 species belong to 21 genera exist in Iranian 
waters of the Persian Gulf and Oman Sea (Sattari et al. 
2004). Goatfish are also carnivorous and mainly feed on 
worms and crustaceans and It usually forms small groups 
(Sattari et al. 2004; Randall and Kulbicki 2006; Uiblein and 
McGrouther 2012). Its residence varies according to 
different species. Their habitat is throughout the Persian 
Gulf, the Sea of Oman, in the tropical and temperate seas, 
the Indian Ocean, Hawaii, and Iceland (Sattari et al. 2004).  

The Persian Gulf is surrounded by Iran from the north, 
by Kuwait and Iraq from the west, and by Saudi Arabia, 
Bahrain, Qatar and the United Arab Emirates from the 
south. Its breadth is 240000 km2, and after the Gulf of 
Mexico and the Hudson Bay, it is the third largest gulf in 

the world. Fishing industry plays an important role in the 
economy of marginal countries in the Persian Gulf, 
especially in three coastal provinces of Iran - Khuzestan in 
the northwest, Hormozgan in the northeast, and Bushehr in 
the central part of the Persian Gulf (Esmaeili 2006). 
Among the three southern provinces of the Iran which are 
connected to the Persian Gulf, Bushehr Province has more 
than six hundred kilometers coastline with the Persian Gulf 
and it has a special economic and strategic position. In 
recent years, there has been a decline in fish catch rates due 
to the high fishing effort by traditional and industrial 
fishing systems (Niamaimandi et al. 2007). 

The bottom trawl method is limited to shrimp fishing in 
Bushehr Province, Iran which the quota is defined is by 
Fisheries Department each year. The by-catch rate has 
become a progressively important issue to fishermen and 
fisheries managers for evaluation of trawl nets in Iranian 
marine environments. Trawl fishing system is a common 
method in the Persian Gulf. The Iranian trawl fishery in the 
Persian Gulf can be divided into two categories, the 
cutlassfish trawlers designated for ribbon fishes and the 
demersal shrimp trawlers (Valinassab et al. 2006; Raeisi et 
al. 2011). Due to the importance of maintaining aquatic 
resources in the south of Iran, the most important and 
appropriate way to preserve these species is to prevent its 
over-fishing and catching of immature fish. They are 
usually caught using bottom trawlers and gill nets (Raeisi 
et al. 2011). Investigation on distribution patterns of several 
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fishes in Oman Sea and the Persian Gulf have been 
performed by different scholars (Valinassab et al. 2006; 
Noroozi and Valinassab 2007; Paighambari and Daliri 
2012; Parsa et al. 2014; Ghotbeddin et al. 2014; Zeinali et 
al. 2017), but no detailed documents are available on the 
distribution patterns of demersal fish in this fishing area. 
The main purposes of this research were an estimation of 
CPUA and CPUE for mature and immature fish belonging 
to Giant trevally, Bigeye scad, and Sulphur goat in deeper 
layers of 50 m by a bottom trawler in Bushehr waters. 

MATERIALS AND METHODS 

Study area  
 Sampling operations were carried out by a stern trawler 

in summer 2016. In this study, the operation area was 
located in Motaf fishing grounds in the geographical 
location of 27° 00 to 28° 03' N and 51° 41' to 52° 11' E in 
the south of Bushehr Province, Iran (Figure 1). 

During field sampling, 36 hauls were done in two 
depths of 50-60 m and 60-70 m. According to the daily 
operations record, net hauling operations were carried out 
three times a day and each time was 4 hours at an average 
speed of 3.5 knots, and depths were varied in proportion to 
the depth of the fishing area. In order to conduct fishing 
and sampling operations, the commercial trawler (stern 
trawler) with a length of 26 m, a width of 7.4 m, a power of 
600 horsepower, equipped with an echo sounder, GPS and 
radar was used. Also, the type of fiber used in bottom 
trawler was made of polyamide (Table 1). All fish were 
counted, weighed, and identified to the species level 
according to standard fish keys (Fisher and Binachi 1984; 
Carpenter et al. 1997). 

For calculating the CPUE values of three species, the 
catch weight of any species in total catch weight was 
divided over the total time of net throwing and the average 
of CPUE was determined at each time of net throwing. The 
Gulland equation was used to evaluate CPUE index for 
each hauling operation (Gulland 1983): 

 
CPUE = Cw / t 
 
Where Cw is the total weight of the species in the 

station (kg), and t is net hauling time (h). 
For assessing the status of three species, the main 

indicator was the level of catch per unit area (CPUA), 
which was calculated for each net throwing period and then 
the average values were obtained. By calculating these 
averages, the amount of biomass was obtained separately at 
different depths. CPUA rate was obtained from the 
following formula (Sparre and Venema 1998): 

 

a = D × hr × X2 
CPUA = Cw ÷ a 
  

Where a is a net hauling area (km2), D is traveled 
distance (km), hr is the length of the head rope (km), X2 is 
the fraction of the head rope length, Cw is catch rate by 
weight (kg), CPUA is catch per unit area at each station. 

 

 
Figure 1. The geographical location of the sampling sites in the 
Motaf fishing grounds, Bushehr Province, Iran (Circles represent 
sample areas) 
  
 
Table 1. Characteristics of the used trawl during the study period 
in the Motaf fishing grounds, Bushehr Province, Iran (summer 
2016) 
 

Characteristics Size 

Net mesh size (STR) 
400 mm in the net body & 75 
mm in the cod-end 

Towline (Galvanized) 250 m 
The total length of the net 50 m 
Bridles length (Galvanized) 50 m 
Headrope length (PA) 41 m 
Footrope length (PVD) 26 m 
Lazy line (Cotton) 50 m 
Net bag length and width 9 m & 3 m 

 
  
Also, Sturges formula was used to determine the length 

classes of the three species between different depths 
(Sturges 1926): 

 
R = (Max-Min) + 1 
K= 1 + 3.3 log n 
C = R / k 
  
Where R is the number of samples, K is a number of 

categories, n is sample number, and C is the distance 
between classes. 

  
For comparing the obtained length frequency for three 

species between different depths, the two-sample non-
parametric Kolmogorov-Smirnov test was used. Shapiro-
Wilkes test was performed to check the normality of the 
data. The data were transmitted to log10 (x + 1) to remove 
heterogeneity of variances and normalize them. One-way 
analysis of variance (ANOVA) was applied to compare 
CPUA and CPUE values at different depths. Charts were 
depicted in Excel software version 2010 and data analysis 
was performed using R software. 
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RESULTS AND DISCUSSION 

 The frequency percentages of three species were 
studied in comparison with the depths of 50-60 m and 60-
70 m, and the results are shewed in Table 2. According to 
Table 2, there is a significant difference among the 
abundance of 3 species with depths of 50-60 m and 60-70 
m in Motaf fishing grounds (P < 0.05).  

In this study, the highest length frequencies of C. 
ignobilis, S. crumenophthalmus, and U. sulphureus lengths 
were in length classes of 56.5-61.5, 22-23.5 and 14-15.5 
cm, respectively. The length frequency percentages of C. 
ignobilis are shown in Figure 2. Based on these results, fish 
with the total length of 71-74 cm in the depths of 50-60 m, 
and fish with a total length of 57-62 cm in the depths of 60-
70 m were most dominant. Hence, there was an inverse 
relationship between the size of species and the depth, and 
as a result, larger fish were found at lower depths. Based on 
the length frequency of Bigeye scad (Figure 3), it was 
concluded that the relationship between the total length of 
S. crumenophthalmus and depth of fishing area was inverse 
(same as C. ignobilis). As the depth increased, the average 
length of S. crumenophthalmus was reduced. Accordingly, 
fish with a total length of 25-27 cm in the depths of 50-60 
m, and fish with a total length of 22.3-23.8 cm in the 
depths of 60-70 m had the highest frequency. Based on 
Figure 4, it was observed that the relationship between 
depth and total length for U. sulphureus is positive in 
comparison with other species. So that, fish with a total 
length of 13-14.5 cm in the depths of 50-60 m, and fish 
with a total length of 15-16.5 cm in the depths of 60-70 m 
were dominant groups.  

There is a significant correlation between depth and fish 
size for many demersal species (Macpherson and Duarte 
1991; Sinclair 1992; Swain and Wade 1993; Petrakis et al. 
2001). During the study period, there were significant 
differences in the distribution of length frequency of caught 
species among different depths. In the research by 
Stefanescu et al. (1992) on the relationship between size 
and depth in demersal fish communities in the west of the 
Mediterranean Sea, there was a significant correlation 
between water depth and fish size. So that, with the 
increase in depth, smaller sizes of fish replaced with 
medium and large sizes of fish. Totally, Giant trevally 
reaches to 1.7 m in length and a weight of 60 kg. Also, S. 
crumenophthalmus grows to about 70 cm (Kuiter and 
Tonozuka 2001). The maximum recorded total length for 
U. sulphureus (TL) is 30 cm (Kumaran and Randall 1984). 
The first maturity occurs at length of 60 cm in C. ignobilis 
(Hutchins and Swainston 1986), at length of 17 cm in S. 
crumenophthalmus (CMFRI 2016), and at length of 13.1 

cm in U. sulphureus (Reuben and Vijayakumaran 1994). 
The catching of immature fish is one of the available 
challenges in fishing management because they have to 
catch fish which were spawned at least once. In the 
exploitation of fish stocks, three factors of spawning, 
growth, and survival of large broodstocks are important. 
The researchers believe that the fishing nets should be 
designed to remove aquatic fish smaller than LM50 and 
catch bigger size of fish to maintain aquatic resources. 
Fishing with a length less than LM50 has been reported by 
many researchers and all of them point to the vulnerability 
of non-target stocks (Kaymaram et al. 2011; Raeisi et al. 
2011; Paighambari and Daliri 2011; Kazemi et al. 2014). C. 
ignobilis resides in the widespread regions of marine 
environments, and it can endure the saline fluctuations in 
the rivers and estuaries. It has been known as a semi-
pelagic fish which spends time throughout the water 
column; however is typically a demersal fish in the aquatic 
environment (Smith and Parrish 2002; Wetherbee et al. 
2004). This fish is commonplace in shallow coastal waters 
of some environments, including rocky reefs, corals, 
lagoons, channels and tidal flats. Mature individuals have a 
tendency to move to deeper depths greater than 80 m. 
Nevertheless, large individuals frequently return to the 
shallower waters for hunting or reproduction (Leis et al. 
2006; Meyer et al. 2007). S. crumenophthalmus occurs in 
schools, and large ones usually exist in inshore or shallow 
waters to depths of 170 m (Roux and Conand 2000; Kuiter 
and Tonozuka 2001). It is naturally an open ocean pelagic 
species. U. sulphureus occurs from depths of 20 to 60 m. 
The maximum recorded total length (TL) is 30 cm 
(Kumaran and Randall 1984). U. sulphureus inhabits 
coastal waters of continents and large islands, and 
generally over mud substrate (Randall and Kulbicki 2006).  

During the study, it was found that fish with greater 
lengths formed a dominant volume of fishing operations 
which indicated the dynamics of fish stocks in the sampling 
season. The difference in the length distribution of a 
species in different seasons can be due to seasonal 
regeneration among the species (Martins and Haimovici 
1996; Tonks et al. 2008; Welch et al. 2013). Most of the 
trapped bony fish in the bottom trawlers are demersal fish. 
Benthic species are one of the most important commercial 
fish populations in the Persian Gulf, but in recent years 
there has been a 21% reduction in their catch, and their 
catch rates have dropped (reduction of catch is the same as 
catch rate dropped, repetition) One of the most important 
reasons is increased overfishing and by-catch pressure on 
benthic fish in recent years (Valinasab et al. 2006).   

 
 
 
Table 2. Comparison of the number and frequency percentage of three species at depths of 50-60 m and 60-70 m in the Motaf fishing 
grounds, Bushehr Province, Iran (summer 2016) 
 

Species Caranx ignobilis Selar crumenophthalmus Upeneus sulphureus 
Depth Number Percentage Number Percentage Number Percentage 
50-60 m 40 b 30.08 % 33 b 28.95 % 47 b 30.13 % 
60-70 m 92 a 69.92 % 81 a 71.05 % 108 a 69.87 % 
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Figure 2. The length frequency percentage of C. ignobilis in the Motaf fishing grounds, Bushehr Province, Iran (summer 2016). A. 
Depth of 50-60 m, B. Depth of 60-70 m 
 
 
 
 

  
A B 

 
Figure 3. The length frequency percentage of S. crumenophthalmus in the Motaf fishing grounds, Bushehr Province, Iran (summer 
2016). A. Depth of 50-60 m, B. Depth of 60-70 m 
 
 
 
 

  
A B 

 
Figure 4. The length frequency percentage of U. sulphureus at the depth of 50-60 m in the Motaf fishing grounds, Bushehr Province, 
Iran (summer 2016). A. Depth of 50-60 m, B. Depth of 60-70 m 
 
 
 

A large proportion of the species in the by-catch 
composition of fish are commercial and valuable fish. 
These species may be exploited before maturity stage due 

to the type of net design. Also, other discarded species 
disappear in the same way (Kazemi et al. 2014). Based on 
the nature of the fishing method, mid-water and bottom 
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trawl methods have a high diversity of species in their bag, 
because these gears catch all fish on their path in a non-
selective way. Fishing activities at depths of less than 50 m 
cause a lot of pressure on commercial and non-commercial 
species. Increased pressure on commercial fishing will 
reduce the catches of these species in the future. 
Subsequently, the pressure on non-commercial species 
leads to a collapse of the ecosystem balance (Alverson 
1994). 

In this research, CPUE and CPUA values were 
evaluated both in terms of weight and number of caught 
species (Table 3). In this study, CPUE values were 
calculated by collecting data from the catch operations in 
the sampling seasons. The results for C. ignobilis, S. 
crumenophthalmus, and U. sulphureus were 3, 0.159 and 
0.078 kg h-1, respectively. Investigation of the catch index 
in CPUE of three species in different depths showed that 
the depth variable has a significant impact on the CPUE of 
the C. ignobilis (P < 0.05). So that, CPUE value was 
decreased with increasing depth, but CPUE for both S. 
crumenophthalmus and U. sulphureus were not 
significantly different from the depth change (P > 0.05) 
because CPUE levels did not differ much in different 
depths. Based on the results, the average rate of CPUA for 
C. ignobilis, S. crumenophthalmus, and U. sulphureus were 
45.03, 2.44 and 1.91 kg km-2, respectively. Also, the 
highest and lowest CPUA values were at the depth of 60-70 
m (21 kg km-2) and 50-60 m (9 kg km-2), respectively.  

According to table 4, CPUA and CPUE of mature 
forms of C. ignobilis and S. crumenophthalmus at depths of 
50-60 m were more than 60-70 m, but the highest CPUE 
and CPUA for U. sulphureus were belonged to immature 
and mature fish at depths of 60-70 m, respectively. 
Accordingly, maturity percentages of 3 above mentioned 
species were 27%, 73% and 10% for matures and 90%, 
16% and 84% for immatures, respectively.  

Catch per Unit of effort (CPUE) and catch per unit area 
(CPUA) are the basic quantity to compute stock density in 
assessments, and these estimations are utilized to acquire 
other evaluations such as biomass approximations and 
abundance indices for essential commercial fish stocks 
(Hinton and Maunder 2003; Nguyen 2005; Haggarty and 
King 2006; Zeinali et al. 2017). Biomass and CPUA 
estimates are as stock indices for management of demersal 
resources (Sparre and Venema 1992; Haggarty and King 
2006). Determination of fish distribution and community 
structure are two important primary and fundamental steps 
to improve our understanding and knowledge of marine 
ecosystem (Anderson et al. 1998; Stauffer 2004; Kotwicki 
et al. 2011). These changes were probably due to the 
concentration of fish mass in shallow waters nutritional and 
reproductive behavior or seasonal migration during the 
sampling period (Meyer et al. 2001). Munro and Somerton 
(2002) stated that catch patterns for a trawl survey are 
dependent on the density of available fish, sampled volume 
by trawl, and trawl efficiency for a particular species. 
Catch rates, or catch per unit effort (CPUE), for survey 
trawls have been shown to be correlated with 
environmental variables such as salinity, temperature, near 
bottom light, and wave height and winds (Smith et al. 

1991; Ryer and Barnett 2006; Kotwicki et al. 2009; 
Wieland et al. 2011). According to the study of 
Paighambari and Daliri (2012), during two fishing years; 
608.9 and 844.8 kg of U. sulphureus were collected as by-
catch species which was comprised of 3.68 and 6.41% of 
the total catch. Also, CPUE values were 5.42 and 5.86 kg 
h-1, respectively. In a study by Kazemi et al (2014), U. 
sulphureus comprised of 5.58 kg of the total weight (0.1% 
of the total catch) of by-catch in the shrimp trawl and 
CPUE of U. sulphureus was 0.08 kg h-1. Desired depth 
layer of different species might be associated with 
environmental conditions, prey, predator, and type of sea 
bottom (Swain and Wade 1993). According to compared 
data, it can be seen that CPUA for the immature form of U. 
sulphureus is higher than other species, which indicated the 
overfishing of this species in the fishing season.  

 
 

Table 3. Comparison of CPUE and CPUA according to weight 
and number of C. ignobilis, S. crumenophthalmus and U. 
sulphureus at depths of 50-60 m and 60-70 m in the Motaf fishing 
grounds, Bushehr Province (summer 2016) 
 

Species Parameter 
Depth 

50-60 m 60-70 m 
Caranx ignobilis CPUE.w 3.5±1.08 a 2.5±0.84 b 
 CPUE.n 1.04±0.3 a 0.93±0.31 a 
 CPUA.w 52.42±16.33 a 37.64±12.7 b 
 CPUA.n 15.76±4.54 a 14±4.68 a 
Selar crumenophthalmus CPUE.w 0.178±0.06 a 0.14±0.032 a 
 CPUE.n 0.86±0.23 a 0.83±0.17 a 
 CPUA.w 2.68±0.89 a 2.21±0.49 a 
 CPUA.n 13±3.45 a 12.5±2.54 a 
Upeneus sulphureus CPUE.w 0.067±0.022 b 0.09±0.03 a 
 CPUE.n 1.23±0.36 a 1.11±0.37 a 
 CPUA.w 1±0.34 b 1.38±0.48 a 
 CPUA.n 18.5±5.43 a 16.77±5.63 a 
Note: Same letters indicate statistical non- significant difference 
between different species (P > 0.05) 
 

 
 

Table 4. Comparison of CPUE and CPUA for mature and 
immature forms of C. ignobilis, S. crumenophthalmus and U. 
sulphureus at depths of 50-60 m and 60-70 m in the Motaf fishing 
grounds, Bushehr Province (summer 2016) 
 

Species Parameter 
Depth 

50-60 m 60-70 m 
Caranx ignobilis CPUE.M 3.61±1.34 a 1.95±0.7 b 
 CPUE.Im 0 0.61±0.3 a 
 CPUA.M 16.16±5.05 a 10.4±3.52 b 
 CPUA.Im 0 4.6±2.13 a 
Selar crumenophthalmus CPUE.M 0.17±0.05 a 0.13±0.035 b 
 CPUE.Im 0.03±0.01 b 2.7±3.6 a 
 CPUA.M 11.7±2.55 a 11.22±2.75 a 
 CPUA.Im 4.64±1.61 a 3.48±3.11 b 
Upeneus sulphureus CPUE.M 0.04±0.23 b 0.09±0.37 a 
 CPUE.Im 0.33±0.11 b 1.36±0.19 a 
 CPUA.M 10.01±4.65 b 17.2±6.73 a 
 CPUA.Im 10.83±3.67 a 0.16±0.42 b 
Note: Same letters indicate statistical non- significant difference 
between different species (P > 0.05) 
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According to the results of this research, it can be 
concluded that effective and economic fishing operation of 
C. ignobilis and U. sulphureus should be done at depths of 
50-60 m. However, the implementation of fishing 
operations for S. crumenophthalmus was not different at 
study depths. Finally, results of this study provide basic 
information on the distribution of three commercial 
demersal fish in the north of the Persian Gulf. In order to 
access a sustainable management of fish resources, fishery 
managers should protect these fishing areas in the future. 
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Abstract. Yanti LA, Achmad, Khumaida N. 2018. Resistance mechanisms of white jabon seedlings (Anthocephalus cadamba) against 
Botryodiplodia theobromae causing dieback disease. Biodiversitas 19: 1441-1450. Anthocephalus cadamba (Roxb.) Miq. seedlings are 
the most preferred plant for the nursery as they serve a lot of benefits and can be used as shading trees, reforestation, plywood, pulp, 
paper, and traditional medicines. Further, those benefits can increase the economic value of this plant. The main problem in the nursery 
of forestry plants is pest and disease attacks, one of which is dieback disease. The dieback disease is caused by Botryodiplodia 
theobromae Pat. that may lead death of the host plant. Every plant has its resistance mechanism toward pathogen attacks. This research 
aimed: (1) to study B. theobromae attack through wounded and non-wounded stem infection methods on white jabon seedlings; (2) to 
study the resistance mechanisms of white jabon seedlings both structural and biochemical resistance against B. theobromae. This study 
employed a factorial treatment design laid out in a completely randomized design. The structural resistance was determined by studying 
the microscopic appearance of the white jabon seedlings’ stem by using a scanning electron microscope. Meanwhile, the biochemical 
resistance was determined by characterizing the chemical compounds of white jabon seedlings' stem using phytochemistry analysis. The 
result showed that the disease incidence of the control (inoculated without pathogen isolate) and the inoculated (inoculated with 
pathogen isolate) seedlings were, respectively, 0% and 100% (with wounded stem) and 0% and 30% (non-wounded). The disease 
severity of control and inoculated seedlings were 0% and 62% (with wounded stem) and 0% and 12% (non-wounded stem), 
respectively. The incubation period of wounded and non-wounded stems on inoculated seedlings (inoculated with pathogen isolate) was 
one day after inoculation with the numeric values (disease scores) of 4 and 2, respectively. White jabon seedlings had necrotic resistance 
as structural resistance mechanism against the pathogen attack. White jabon seedlings also contained secondary metabolites such as 
alkaloids, flavonoid, phenyl hydroquinone, tannin, saponin, and steroids. The biochemical resistance of white jabon seedling after 
pathogen attacks was shown by the increase of accumulated phenolic compounds such as flavonoid and tannin.  

Keywords: Anthocephalus cadamba, histopathology, necrotic resistance, phenolic compounds, stem infection 

INTRODUCTION 

White jabon (Anthocephalus cadamba (Roxb.) Miq.) is 
a fast-growing plant, which is the most preferred forestry 
plant nowadays. This jabon is mostly used as shading trees, 
an ornament for the curb, and in reforestation (Orwa et al. 
2009). It can also be used for plywood, light construction, 
floor, pulp, paper, ceiling, box, toy, engraving, and 
traditional medicine. The white jabon timber is categorized 
into the strength classes of III-IV and durability class of V. 
According to Oey (1990), the durability classes of timber 
are grouped into 5 categories, i.e., highly resistant (I), 
resistant (II), moderate (III), not durable (IV), and highly 
not durable (V). Because of its benefits and excellence, 
white jabon is widely cultivated at the level of nursery 
(Sudrajat 2015). 

The main problem that often occurs in forestry nursery 
is pest and disease attacks. The diseases that most 
frequently occur in the forestry nursery are dieback, leaf 
spot, and leaf blight. This research focused on dieback 
disease caused by Botryodiplodia sp. According to Kunz 
(2007), Botryodiplodia sp. is included in Deuteromycetes 

and a saprophyte. Molecular identification by Winara 
(2014) showed that the pathogenic species causing dieback 
disease is Botryodiplodia theobromae. According to 
Anggraeni and Lelana (2011), Botryodiplodia sp. was 
reported as pathogen of some forestry plants in Indonesia, 
causing  leaf spots on Alstonia sp., Intsia bijuga Kuntze., 
Rhizophora mucronata Lamk., Macaranga gigantea 
Muell., root rot on Shorea sp., blendok on Calophyllum 
inophyllum Linn., and stem disease on Aquilaria 
malaccensis Lamk. Begoude et al. (2009) also stated that 
Botryosphaeriaceae has a very wide host distribution on 
monocotyledon, dicotyledon, Gymnospermae, and 
Angiospermae. This pathogen can only infect the host 
plants through wounds or injuries, but severe infections 
may occur (Semangun 2007).  According to Aisah (2014), 
B. theobromae could attack white jabon seedlings through 
wounded and non-wounded stem infection methods. 

Botryodiplodia spp can infect four months old the white 
jabon seedlings through non-wounded stem infection 
method (Aisah 2014). Besides, Arshinta (2013) showed 
that white jabon seedlings aged 3, 4, and five months 
suffered disease incidence of 100% with disease severity of 
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61.42, and 54%, respectively. Dieback disease that occurs 
on white jabon seedling can cause destructions and the 
death of the seedling, which may lead to the reduction of 
economic benefits. Healthy trees are derived from quality 
seedlings which are not infected by pests and diseases. 
According to Achmad et al. (2012), the increase of pine 
seedling age could cause the rise in resistance to seedling 
rot disease. This research, therefore, employed five months 
white jabon seedlings for evaluation of their resistance 
mechanisms against B. theobromae. 

Studies about Botryodiplodia spp. that attacks white 
jabon seedlings had been previously carried out by many 
workers. These workers included Arshinta (2013) on  the 
pathogenicity test of Botryodiplodia sp. on white jabon 
seedling, Aisah (2014) on the virulence test of 
Botryodiplodia sp. on white jabon seedling (A. cadamba) 
and Winara (2014) on the bioactivity test of mahogany 
extract and molecular identification of Botryodiplodia sp. 
on white jabon seedlings. However, studies on resistance 
mechanism of white jabon seedling against Botryodiplodia 
sp. have never been done.  

Every plant has its own resistance mechanism against 
pathogens. According to Agrios (1997), the disease 
resistance mechanisms can be distinguished into two 
categories, namely structural and biochemical resistance, 
which occur both before and after the pathogen attack. 
Structural resistance includes the surface structures of 
plants and tissues, cells, cytoplasm, and necrotic resistance 
mechanism. Biochemical resistance includes the existence 
of inhibitor substances in plant cells such as secondary 
metabolites and the increase in accumulation of phenolic 
compounds. Some secondary metabolites are the phenolic 
compound such as flavanoid, quinone, and tannin. 
Research carried out by Wali (2014) showed that the leaves 
of white jabon seedlings contained secondary metabolites, 
namely quinone, and steroid.  

Based on the above description, research on the 
resistant mechanism of white jabon seedling against B. 
theobromae attack is essential. Therefore, this study aimed 
to: (i) study B. theobromae attack white jabon seedlings 
through wounded and non-wounded stem infection 
methods; (ii) investigate the resistance mechanism of white 
jabon seedlings, both structurally and biochemically, 
against B. theobromae attack. 

MATERIALS AND METHODS 

This research was conducted from April to December 
2014  in the Laboratory of Forest Pathology, Faculty of 
Forestry, and Laboratory of Analytical Chemistry, Faculty 
of Mathematics and Natural Sciences, Bogor Agricultural 
University (IPB), Bogor, Indonesia, plants nursery of 
BPDAS Citarum-Ciliwung, Dramaga, Bogor, Indonesia 
and Division of Zoology, Research Center for Biology, 
Indonesian Institute of Sciences, Cibinong, Bogor, 
Indonesia.  

Procedures 
Rejuvenation and multiplication of isolated B. theobromae 

The isolates of B. theobromae is a collection of Forest 
Pathology Laboratory, Bogor Agricultural University, 
Bogor, Indonesia (Aisah 2014). Isolate multiplication was 
done by purifying the existing isolates. Rejuvenation was 
done based on Michailides’s (1991) modification. The 
pathogen was planted on a PDA using a 5 mm diameter 
corebore, and then was incubated at 25C in Laminar Air 
Flow until the pathogen growth filled the petridish. The 
pure culture of B. theobromae isolates was then used as the 
inoculum source. 

Macroscopic and microscopic observations of B. 
theobromae isolate 

The observation was done based on the morphological 
characteristics of macroscopic and microscopic elements 
such as color, texture, colony topography, growth diameter, 
size, and hyphae shape. Identification was carried out 
following the book of fungi identification key for imperfect 
fungi (Barnet and Hunter 1998).  

Research design 
This research used a factorial treatment design assigned 

in a complete randomized design that combined pathogen 
inoculations (control and inoculated with pathogen isolate) 
and stems infection methods (wounded and non-wounded) 
in seedlings with 10 replications. Samples were placed in 
paranets and arranged accordingly to suit the treatment 
design. 

Resistance evaluation 
White jabon seedlings aged five months were used in 

this research. Seedlings were obtained from a nursery in 
Bogor with the origin of provenance in Malang. Seedlings 
were selected to have the same height, diameter, and the 
number of leaves, healthy, and all in good condition. 
Evaluation of resistance was carried out using a jelly block 
pasting method based on Ismail et al. (2012) with 
modification. In the wounded stem infection method, the 
inoculation was carried out using syringes. The control 
treatment was inoculated with jelly block without the 
fungal pathogen isolate.  A seven-day-old fungal isolate 
was used in the inoculation treatment. The observations 
were done for 14 days. In the non-wounded infection 
method, inoculation was done on the side of the stem with 
no any lenticels (examined using a loop). The observed 
parameters were the disease incidence (Achmad et al. 
2012) and disease severity (Townsend and Heurberger 
(1943) in Stevic et al. (2010), the incubation period, 
temperature and air humidity in the nursery (in the 
morning, at noon and night). 

Structural resistance analysis of white jabon seedling by 
using Scanning Electron Microscopy (SEM) 

Stems of healthy white jabon seedling were used as 
samples of control treatment and infected stems of white 
jabon seedlings through wounded and non-wounded stem 
infection methods. The analysis was done based on the 
Guide Book of Zoology Research Center, Indonesia 
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Science Institution, Cibinong. The samples were observed 
using a scanning electron microscopy (model JSM-
5310LV). 

Biochemical resistance of secondary metabolite analysis of 
white jabon seedling by using phytochemical analysis  

The analysis was done following the method of 
Harborne (1998) on the stem of healthy white jabon 
seedlings as control treatment and infected white jabon 
seedlings through wounded stem infection methods. 
Samples from white jabon seedling’s stem were used in a 
powder of 500 mg in each testing. The secondary 
metabolite analysis included alkaloids, flavonoid, phenyl 
hydroquinone, tannin, saponin, triterpenoid, and steroid 
assays.  

Alkaloids assay. The sample was dissolved in 5 mL 
chloroform and added with five drops of NH4OH, and the 
solution was then shaken and filtered. Two mL of 
chloroform extract was added with 10 drops of 2 M H2SO4, 
and then stirred until two layers were formed. The top layer 
(the acid) was taken and dropped on the plate and assayed 
with Meyer reagent, Wagner reagent, and Dragendorff 
reagent. The assay would be positive if a white, brown and 
red-orange color of precipitates appear.   

Flavanoid assay. The sample was added with 10 mL of 
hot water, then boiled for 5 minutes and filtered. Five mL 
filtrate was added with 0.5 g Mg, 1 mL HCl, and 1 mL of 
amyl alcohol, and then shaken. The assay would be 
positive if the solution shows yellow until deep red colors.  

Phenol hydroquinone assay. The sample was added 
with 10 mL methanol, and then shaken and boiled in hot 
water and filtered. The filtrate was added with three drops 
of 10% NaOH. The test would be positive if the solution 
showed yellow until red colors.  

Tannin assay. The sample was added with 50 mL of 
hot water and boiled for 15 minutes and then filtered. The 
filtrate was added with 10 mL of 1% FeCl3. The assay 
would be positive if green until black colors appear.  

Saponin assay. The sample was boiled in 10 mL of hot 
water for 5 minutes and filtered. 10 mL of filtrate was 
shaken in a reaction tube for 10 seconds and then left at 
room temperature for 10 minutes. The assay would be 
positive if stable foam is produced. 

Steroids and triterpenoids assay. The sample was 
macerated in 25 mL of absolute ethanol until boiled up, and 
then filtered. The residue was boiled to dry it up and then 
was added with ether and shaken. The filtrate was added 
with three drops of anhydrous acetic acids and one drop of 
sulphuric acid. The solution was whipped and let off for a 
few minutes.  The appearance of red and purple colors 
demonstrates a positive assay for triterpenoids, and green 
or blue shows a positive test for steroids.  

Data analysis 
Disease incidence and severity data were subjected to 

analysis of variance, which then followed by the Tukey test 
to separate the treatment means when the treatment effect 
was significant. The analysis was performed by using 
Minitab 15. Structural and biochemical resistances data 
were descriptively analyzed and presented in forms tables 

and figures.  

RESULTS AND DISCUSSION 

Macroscopic and microscopic characteristics of B. 
theobromae isolates 

This pathogen had white colonies on the culture surface 
(Figure 1.A), which later turned grey or blackish green 
(Figure 1.B). The color of the bottom of the media was 
grey, blackish green or black (Figure 1.C). Mycelium of B. 
theobromae had a fluffy texture with thick air mycelium, 
and the colony spread from the central part with irregular 
topography. Diameter growth rate of B. theobromae was 
fast with a mean of 1.38 mm hours -1. 

Botryodiplodia theobromae had septate and branched 
hyphae,  hyaline when it was young, and brown when it 
was old; the size was  53-57 x 3-2 µm (Figure 1.D). Aisah 
(2014) showed that B. theobromae had hyaline conidia and 
nonseptate, which later became brown and septate when 
old. Conidia shape was ellipsoid or ovoid in size of 26-32 x 
13-17 µm (Figure 1e). The macroscopic and microscopic 
characteristics of B. theobromae are shown in Figure 1. 

Disease incidence and severity on white jabon seedling  
The disease incidence on white jabon seedling in 

control treatment with wounded and non-wounded stem 
infection methods were all 0% (Figure 2.A and 2.E). The 
disease severity of white jabon seedling in control 
treatment with wounded and non-wounded stem infection 
methods were also 0%. Control treatment (inoculated 
without pathogen isolate) of white jabon seedlings showed 
no dieback symptoms. 

The disease incidence on white jabon seedling in 
inoculated with pathogen isolate treatment through 
wounded (Figure 2.B, 2.C, and 2.D) and non-wounded 
(Figure 2.F, 2.G, and 2.H) stem infection methods were 
100% and 30%, respectively. The disease severity of white 
jabon seedling in plants inoculated with pathogen isolate 
treatment through wounded and non-wounded stem 
infection methods were, respectively, 62% and 12%. The 
dieback disease symptoms observed on white jabon stems 
were decaying marks on the stem, wilting on the leaf, 
drying up of stem and leaf, necrosis and dieback. The 
conditions of white jabon seedling with wounded and non-
wounded stem infection methods are presented in Figure 2. 

The response of pathogen inoculations and stem 
infection methods in white jabon seedlings showed that the 
disease incidence on the plants inoculated with pathogen 
treatment through wounded stem infection was 
significantly different from those inoculated with the 
pathogen through non-wounded stem infection and the 
control treatment (both wounded and non-wounded stem 
infection methods) (Table 1). The disease incidence on 
white jabon seedlings inoculated with the pathogen through 
wounded stem infection (100%) was more extensive than 
that on white jabon seedlings inoculated with the pathogen 
through non-wounded stem infection (30%). 
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Figure 1. Macroscopic and microscopic characteristics of B. theobromae. A. White colonies on culture surface; B. Grey colonies; C. 
The bottom of media looked grey; D. Septate hyphae; E. Conidia shape (Aisah 2014)   
 
 
 
 
 Control 2 DAI 7 DAI 14 DAI 
Wounded 
 

    
Non-wounded 
 

 
 
Figure 2. The condition of white jabon seedling during 14 days of observation. A. Control treatment with wounded stem infection 
method; B. 2nd day after inoculation (DAI) through wounded stem infection method; C. 7th DAI after inoculation through wounded stem 
infection method; D. 14th DAI after inoculation through wounded stem infection method; E. Control treatment with non-wounded stem 
infection method; F. 2nd day after inoculation (DAI) through non-wounded stem infection method; G. 7th DAI after inoculation through 
non-wounded stem infection method; H. 14th DAI after inoculation through non-wounded stem infection method 
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The disease severity on white jabon seedlings 
inoculated with the pathogen through wounded stem 
infection was significantly different from those inoculated 
with the pathogen through non-wounded stem infection 
method and the control treatment (both wounded and non-
wounded stem infection) (Table 1). The disease severity on 
white jabon seedlings inoculated with the pathogen through 
wounded stem infection (62%) was worse than that on 
white jabon seedlings inoculated with the pathogen through 
non-wounded stem infection (12%). The response of 
pathogen inoculations and stem infection methods on white 
jabon seedlings are presented in Table 1.  

Incubation period 
The incubation period is time intervals from inoculation 

to the appearance of disease symptoms. The incubation 
period of white jabon seedling was one day after the 
inoculation. The number of infected white jabon seedlings 
during 14 observation days was none for control, ten for 
inoculation with the pathogen treatment through wounded 
stem infection and three for inoculation with the pathogen 
treatment through non-wounded stem infection. On the 14th 
days after pathogen inoculation, the numeric value of 
disease category and disease severity of white jabon 
seedlings, both wounded and non-wounded stem infection 
were, respectively, 4 and 2. The incubation periods are 
presented in Table 2. 

Temperature and air humidity  
Temperature and air humidity are the most important 

environmental factors for the growth of both the pathogens 
and the host plant, that will affect the development of the 
disease. The mean temperature for 14 days of observation 
was 27.53 C in the morning, 33.27 C during daytime and 
26.07 C at night. Table 3 shows the temperature and air 
humidity during 14 days of observation.  

 
Table 3. Mean temperature and air humidity during 14 days of 
observation 
 

Day after  
inoculation 

Temperature (C) Air humidity (%) 
Morning Day Night Morning Day Night 

Inoculation day 29 33 25 78 73 92 
1 28 29 29 85 78 85 
2 29 35 26 78 69 92 
3 29 36 25 78 75 92 
4 27 32 23 92 73 91 
5 29 34 25 78 74 92 
6 27 35 25 92 69 92 
7 26 33 27 84 73 100 
8 30 33 26 85 67 100 
9 27 36 25 92 75 92 
10 23 31 29 83 86 85 
11 29 36 27 85 56 92 
12 26 32 27 92 73 92 
13 27 31 26 84 73 100 
14 27 33 26 84 73 92 
Mean 27.53 33.27 26.07 84.67 72.47 92.60 

 
 
 
 
Table 1. Mean dieback disease incidence and severity on white jabon seedling  
 

Treatment Replication 
Disease incidence 

(%)* 
Disease severity 

(%)* 
White jabon (control/inoculated without pathogen), through wounded stem 
infection method 

10 0b 0b 

White jabon (control/inoculated without pathogen), through non-wounded 
stem infection method) 

10 0b 0b 

White jabon (inoculated with the pathogen) through wounded stem 
infection method 

10 100a 62a 

White jabon (inoculated with the pathogen) through non-wounded stem 
infection method 

10 30b 12b 

Note: *Means within the same column with the same letter are not significantly different at Tukey test (α = 95%) 
 
 
 
 
Table 2. The incubation period of white jabon seedling against B. theobromae attack 
 

Treatment 
Number of 

infected seedlings  
Incubation 

period (day) 
The highest 

numeric value* 
White jabon (control / inoculated without pathogen), through wounded 
stem infection method 

0 0 0 

White jabon (control / inoculated without pathogen), through non-
wounded stem infection method) 

0 0 0 

White jabon (inoculated with the pathogen), through wounded stem 
infection method 

10 1 4 

White jabon (inoculated with the pathogen), through non-wounded stem 
infection method 

3 1 2 

Note: * = the highest numeric value of 10 replications recorded on the 14th days after inoculation. This value refers to the numeric value 
of disease category and dieback disease severity of white jabon seedlings (Townsend and Heurberger (1943) in Stevic et al. (2010) 
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Structural resistance in the white jabon seedlings’ stem 
White jabon seedlings demonstrated necrotic resistance 

by activating hypersensitivity reaction, which is a form of 
structural resistance in response to the pathogen attack. The 
healthy white jabon seedlings (control) showed no hyphae 
of B. theobromae fungi (Figures 3.A and 3.B). White jabon 
inoculated with pathogen treatment (infected) through 
wounded stem infection method showed the destruction of 
epidermal tissues, cortex, and stele up to epidermal tissues 

and stele on the opposite side (Figure 3c). White jabon 
seedlings inoculated with the pathogen (infected) through 
non-wounded stem infection method showed the 
destruction of epidermal tissues, cortex and hyphae 
colonization on the stele (Figures 3e and f).  

Figure 3 shows the microscopic of the transverse 
section of white jabon seedling’s stem using scanning 
electron microscope. 

 
 
 

 
  
 
 
 
 
 
 
 
                  
                                                  
 
                                                                55 µm                                                                    73.33 µm  
 
 
 
 
 
 
 
 
 
 
 
 
                                                                110 µm                                                                     22 µm             
 
 
  
 
 
 
 
 
 
 
 
 11 µm                                                                146.67 µm 
 
 
 
Figure 3. Electronic micrographs of white jabon seedling’s stem. A. epidermal and cortex tissues of healthy white jabon seedling; B. 
stele tissues of healthy white jabon seedling; C. epidermal, cortex, and stele tissues, which were dried and detached from the host (white 
jabon seedling’s stem inoculated with pathogen through wounded stem infection method), and the pathogen infected part up to the 
cortex and epidermal tissues in the opposite side; D) hyphae of B. theobromae; E) cortex of destructed white jabon seedling inoculated 
with pathogen through non-wounded stem infection method; F) juvenile mycelium of B. theobromae attacking the stele tissues of white 
jabon seedling inoculated with the pathogen through non-wounded stem infection method 
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Table 4. Secondary metabolites of white jabon seedlings’ stem 
 

Active compounds 

Treatment 
Control (healthy, 

inoculated 
without pathogen) 

Inoculated with 
pathogen 
(infected) 

Alkaloids ++ + 
Flavonoid ++ +++ 
Phenol hydroquinone +++ ++ 
Tannin +++ ++++ 
Saponin +++ ++++ 
Triterpenoid - + 
Steroid + +++ 
Note: (-) negative, (+) positive but weak, (++) positive  and 
somewhat strong, (+++) strong positive, (++++) very strong 
positive.  
 

The biochemical resistance of white jabon seedlings’ 
stem 

A healthy white jabon seedling contained secondary 
metabolites such as alkaloids, flavonoid, phenyl 
hydroquinone, tannin, saponin, and steroid but contained 
no triterpenoid. In the seedlings inoculated with the 
pathogen (infected), there was an increase in some phenolic 
compounds such as flavonoid and tannin.  This treatment 
also demonstrated an increase in saponin, triterpenoid and 
steroid contents. The secondary metabolites of white jabon 
seedling are presented in Table 4. 

Discussion 
Isolates of B. theobromae had a fast radial growth, that 

was able to fulfill the petridish (d= 9 cm) in day three - day 
four after incubation. Diameter growth rate was rapid, with 
a mean of 1.38 mm hours-1. According to Winara (2014), 
mycelium growth of Botryodiplodia sp. was fast, with 
mean radial diameter growth of 1.72 mm hours-1. 

During one month incubation period, we found no any 
pycnidium of B. theobromae. According to Kunz (2007), 
the pycnidia development of Botryodiplodia spp. in 
artificial media takes a long time, but when it grows, the 
large black and round pinhead can be seen directly. 
Research results of Shah et al. (2010) showed that 13 
isolates of B. theobromae grown in PDA media could form 
pycnidia on the 20-34th incubation days. 

The mycelium of B. theobromae had septate and 
branched hyphae, and the hyphae were hyaline at the 
juvenile stage and brown and the mature/old stage with a 
size of 53-57 x 3-2 µm. Aisah (2014) showed that B. 
theobromae had hyaline conidia and nonseptate, which 
later became browning and was septate when getting older.  
The shape of the conidia was ellipsoid or ovoid with a size 
of 26-32 x 13-17 µm. Kumar and Leena (2009) stated that 
B. theobromae had a hyaline mycelium, septate, branched, 
and sized 50-55 x 3-4 μm. 

The disease incidence and severity of white jabon 
seedlings in the control treatment were 0%. White jabon 
seedling inoculated without pathogen (control) showed no 
dieback symptoms. According to Arshinta (2013), white 
jabon seedling aged 3, 4, and five months, showed 
symptoms of dieback disease; nevertheless, white jabon 

seedling inoculated without pathogen (control) showed no 
dieback disease symptoms. 

The disease incidence of white jabon seedling 
inoculated with the pathogen through wounded and non-
wounded stem infection were, respectively, 100% and 
30%. The disease severity of white jabon seedling 
inoculated with the pathogen through wounded and non-
wounded stem infection was 62% and 12%, respectively. 
The disease incidence on the seedlings inoculated with 
pathogen treatment through wounded stem infection 
method was wider than that on the seedlings inoculated 
with the pathogen through non-wounded stem infection 
method. The disease severity on the seedlings inoculated 
with pathogen through wounded stem infection method 
was worse than the those inoculated with pathogen through 
non-wounded stem infection. According to Semangun 
(2007), B. theobromae is a weak pathogen that needs 
injuries/wounds to infect the host, but it can be a serious 
disease. Although the disease incidence and severity on the 
seedlings inoculated with the pathogen through non-
wounded stem infection method had a higher value (30% 
and 12%) than control (0% and 0%), they were not 
significantly different.  

In this research, we employed five months old white 
jabon seedlings. Age of the plant could increase the 
resistance mechanism of the plant. According to Achmad et 
al. (2012), the increase of pine seedling age could cause the 
increase of resistance of seedling to root rot disease. 
Arshinta (2013) showed that white jabon seedlings aged 3, 
4, and five months had disease incidence of 100%, and the 
disease severity was, respectively, 61%, 42%, and 54%. 

The incubation periods of white jabon seedlings 
inoculated with the pathogen through both wounded and 
non-wounded stem infection methods were similar, i.e., 
one day after inoculation. The number of infected white 
jabon seedling during 14 observation days were none for 
the control treatment, ten for seedlings inoculated with 
pathogen treatment through wounded stem infection 
method and three for those inoculated with pathogen 
treatment through non-wounded stem infection method. 
Research by Sato et al. (2008) employing Corchorus 
olitorius seedlings inoculated with seven days old 
inoculum of L. theobromae showed the disease symptoms 
on 7-10th days after inoculation. 

Environmental conditions important factors for the 
development of a disease are the temperature and air 
humidity. Means of temperature recorded during 14 days of 
observation were 27.53C in the morning, 33.27C in the 
daytime and 26.07C at night. Means of air humidity 
recorded during 14 days observation were 84.67% in the 
morning, 72.47% at daytime, and 92.60% at night. During 
14 days of observation, white jabon seedlings were in the 
optimum temperature, so the symptom occurred was 
caused by the biotic factors. According to Martawijaya et 
al. (1989), the maximum temperature for jabons’ growth 
was 32-42C and the minimum temperature was 3-15.5C.  
These temperature and humidity levels were also the 
optimum temperatures for the B. theobromae fungal 
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pathogen. According to Sato et al. (2008), L. Theobromae 
optimally grows at a temperature of 30C. 

White jabon seedlings had necrotic resistance through 
hypersensitivity reaction, which is a structural resistance 
mechanism that is activated after the pathogen attack. 
White jabon inoculated with pathogen treatment (infected) 
through wounded stem infection method on 14th DAI, B. 
theobromae attacked epidermal tissues, cortex, and stele 
until epidermal tissues and stele on the opposite side. The 
damaged tissues showed necrosis, dried, and detached from 
the host. In the white jabon seedlings inoculated with the 
pathogen (infected) through non-wounded stem infection 
method, on the 14th DAI, B. theobromae attacked the 
epidermal tissues, cortex and still on the stele. According to 
Agrios (1997), one of the active plant structural resistances 
is necrotic resistance activated through hypersensitivity 
reaction. The hypersensitive response causes damage to 
cellular membrane infected by the pathogen. It causes the 
plant tissues to respond to the pathogen by producing 
necrosis symptom. Saadon et al. (2012) found that, on 
seven days after inoculation, grapes epidermal cells were 
attacked by L. theobromae. The cortex and xylem tissues 
were colonized by hyphae of the fungal pathogen. In 25 
days after inoculation, the pathogen spread out inter-cell of 
all tissues. Plasmolysis was observed to occur in epidermal 
cells and cortex, and gummosis was formed on xylem. In 
30 days after inoculation, grape seedlings became dark 
brown in color, pulpy, withered, and died. 

Infection of B. theobromae on white jabon seedlings 
occurred through the lenticel, artificial wounds, and also 
direct infection through the epidermal surface using 
physical or biochemical weapons. According to Aisah 
(2014), the infection mechanism of Botryodiplodia spp. on 
white jabon seedlings occurred through the production of 
pectinase and cellulase enzymes that degrade the cell walls. 
After the mycelium came into the cell, it destroyed 
epidermal, the cortex, and the stele tissues until the 
epidermal and cortex tissues are broken through the 
opposite side. 

The biochemical resistance of white jabon seedlings did 
occur through the existence of inhibitory substances in the 
host cells such as secondary metabolite compounds. White 
jabon seedlings contained alkaloids, flavonoid, phenyl 
hydroquinone, tannin, saponin, and steroid compounds. 
According to Verpoorte and Alfermann (2000), secondary 
metabolite is a compound of non-essential metabolites that 
serve as a resistance mechanism to environmental 
conditions, resistance to pest attacks, diseases, and attracts 
the pollinators.   

The stem of white jabon seedling of five months old in 
the control treatment contained alkaloids, flavonoid, phenyl 
hydroquinone, tannin, saponin, and steroid. Wali (2014) 
found that leaves of white jabon aged seven months only 
contained quinone and steroid compounds. The contents of 
saponin and phenolic such as the flavonoid, phenyl 
hydroquinone, and tannin can be different depending on the 
types, age, and parts of the plants. According to 
Haralampidis et al. (2002), the contents of saponin in plants 
depend on several factors such as genetic of the plants, 

kind of tissues, age and the physiological state of the 
plants, and the environment. 

Biochemical resistance after pathogen attack of white 
jabon seedling occurred through the increase in phenolic 
compounds accumulation. Several compounds of 
secondary metabolites included the phenolic compound 
such as the flavonoid, tannin, and phenol hydroquinone. 
The inoculated white jabon seedlings showed an increase 
of flavonoid and tannin compounds. According to Agrios 
(1997), one of the plant biochemical resistances after 
pathogen attack is the increase in the accumulation of 
phenolic compound. The rise of accumulation of phenolic 
compound occurs soon after pathogen infection in resistant 
varieties. Widnyana et al. (2009) found an increase of total 
phenol content in tomatoes infected by Fusarium sp. 
According to Shaul et al. (2001), the rise in flavonoid plays 
roles in synthesizing chitinase enzymes and phenylalanine 
ammonium lyase. Mechanism of tannin as an antibacterial 
substance is by shrinking the membrane cell, and then 
interfering the cell permeability that may lead to cell death, 
protein precipitation, inactivation of enzyme, and 
destruction of the function of genetic material (Ajizah 
2004). 

Besides, we found in the present study that white jabon 
seedlings also showed an increase of saponin, triterpenoid 
and steroid compounds. According to Astawan and Kasih 
(2008), saponin serves as an antimicrobial substance, 
alcoholic drink, textile, cosmetics, and traditional 
medicines. Winara (2014) demonstrated that extract of 
leaves, bark, rind of the fruit, seeds, and roots of mahogany 
had antifungal compounds against Botryodiplodia sp. in in-
vitro assay because these extracts contain limonoid derived 
from limonin and triterpenoid. Triterpenoid of annual plant 
roots, stems of two years old, leaves, flowers, and twigs of 
Jatropha curcas are potential antifungal compound against 
M. albican and C. guiliermondii (Lei et al. 2015). 
According to Bayu (2009), steroid serves as anti-
inflammation, anticarcinogenic, and controller of diabetes. 
Kristanti et al. (2008) also added that steroid could be used 
as a toxic compound. 

Research by Hardiningtyas (2009) showed that 
mechanism of saponin as an antifungal compound does 
occur through its interaction with sterol. Wink (2013) 
showed that the mechanisms of triterpenoid as antifungal 
compound occurs through its interaction with 
biomembranes, which may cause the leakage of the fungal 
cells’ ions. The antifungal mechanism of steroid does occur 
through its interactions with biomembranes.  

White jabon seedling also had a decrease in alkaloids 
and phenol hydroquinone. This would have happened 
because the function of secondary metabolites is not only 
as antimicrobial agent. Alkaloids serve as an α-glucosidase 
enzyme inhibitor (Samson 2010), in the health sectors 
(Aksara et al. 2013), and as an antioxidant (Yuhernita and 
Juniarti 2011). Rastuti and Purwati (2012) showed that 
phenol hydroquinone has an antioxidant activity. 
Anthraquinone consists of Morinda citrifolia as an 
inhibitor of bacteria growth. According to Peoloengan et al. 
(2006), phenol is an antimicrobial compound. 
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According to Lamothe (2009), the mechanism of 
alkaloids as antibacterial is by disturbing peptidoglycan of 
bacterial cells, so that the cell walls are not fully formed 
and causes the death of cells. Mechanism of phenol as an 
antimicrobial is by destructing the cell walls of fungi, 
lysing, inhibiting the process of formation of the cell wall, 
changing the permeability of cytoplasm membrane, 
denaturating cell proteins, and destructing metabolism 
system by inhibiting the work of intracellular enzyme 
(Dwidjoseputro 1994). 

The disease incidence of white jabon seedlings 
inoculated with the pathogen through wounded stem 
infection method was more extensive that of white jabon 
seedlings inoculated with the pathogen through non-
wounded stem infection method. Similarly, the disease 
severity of white jabon seedlings inoculated with the 
pathogen through wounded stem infection method was also 
worse than that of white jabon seedlings inoculated with 
the pathogen through non-wounded stem infection method. 
White jabon seedlings do not have any structural resistance 
before pathogen attack, but it has necrotic resistance 
through hypersensitivity reaction as the resistance after 
pathogen attack. Biochemical resistances of white jabon 
seedling both before and after pathogen attack were found 
as secondary metabolites such as alkaloids, flavonoids, 
phenol hydroquinone, tannin, saponin and steroids, and the 
increase of phenolic compounds, such as flavonoids and 
tannin, and the increase of saponin, triterpenoids and 
steroids compounds. 
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Abstract. Lubis MZ, Pujiyati S, Tauhid M, Anurogo W, Kausarian H. 2018. Coral reefs recruitment in stone substrate on Gosong 
Pramuka, Seribu Islands, Indonesia. Biodiversitas 19: 1451-1458. Gosong Pramuka is a reef distribution area located in the center of the 
Seribu Islands of Jakarta, Indonesia. This research was conducted from April to June 2015, located within the Gosong Pramuka area, 
Kepulauan Seribu, Indonesia. This location has 4 observation stations: Exposed I and II and Shielded I and II. Coral reefs identified at 
the study sites consisted of 95 colonies, with colonies most abundant in Exposure Station I (35 colonies), and in the genus Acropora and 
Porites. Acropora coral growth is tabulated, branching, digitate and encrusting, and Porites are only sub-massive and massive. The 
average area obtained from recruiting coral colonies had a range of 25-50 cm2, and the average diameter of coral recruits was 9-12 cm. 
The results of this research determined the coral health index of the area is 2-3. Based on the CoralWatch method, the coral at the station 
where the research was conducted is classified as under stress conditions. The value of recalculated coral density obtained in this study 
was 0.22 colony/m2 at Exposure Station I, 0.11 colony/m2 at Shielded Station I, 0.13 colony/m2 at Exposure Station II, and in 0.11 
colony/m2 at Shielded Station II. Temperatures in all four stations range from 30-32°C; this temperature range is within the optimum 
temperature range for coral growth. The depth at all four stations was in the ranged from 70-98 cm; this indicates the stations where the 
research was conducted is still within an optimum depth.  

Keywords: Acropora, coral recruit, Gosong Pramuka, Porites, stony substrate 

INTRODUCTION  

Seribu Islands is one of the most important coral reef 
conservation areas in Indonesia's capital city, Jakarta. 
According to Warsa and Purnawati (2017), the area of 
Gosong Pramuka consists of small islands located within 
the Seribu Islands area and has a coral reef condition that 
has been declining over time since 2004-2005. This decline 
is due to the exploitation of rocks and sand, the use of 
cyanide (from the anesthesia method of catching fish), 
sedimentation of the seabed, and the contamination of the 
area from the disposal of waste (Kawaroe et al. 2015). 
Damage to coral reefs will continue with the presence of 
various pressures from the mainland coastal island of Java, 
especially from the coastal cities of Jakarta and Banten 
(Baum et al. 2015). High pollution intensity and high 
sedimentation inputs have resulted in continuous damage to 
coral reefs in the Seribu Islands with the main effect of the 
damage seen in the coral reefs of small islands located near 
the mainland. Damage to coral reefs can also be caused by 
natural disasters (Antoni et al. 2018, Lubis et al. 2018). 
Damage can also be caused by temperature fluctuations or 
sedimentation from one of the many interconnected coastal 
and terrestrial oceans (Kausarian et al. 2016; Lubis et al. 
2017). 

According to Obura and Grimsditch (2009), the coral 
reef naturally responds to various threats and causal factors 
such as resistance and showing recovery symptoms until 
the establishment of a resilient community. In nature, coral 
reef recovery is usually characterized by the emergence of 
young coral colonies (juveniles) with a relatively small 
colony size (Babcok and Mundy 1996). Coral reef 
ecosystems can repair and improve itself from damage if 
given the needed protection, however, recovery takes a 
long time. Therefore, coral reefs that have naturally 
maintained themselves in nature need to be preserved. One 
of the coral reef succession processes is coral recruitment. 
Coral recruitment data can be observed by recording the 
naturally occurring new coral growths along with the 
distribution and abundance of existing coral species 
(Connel et al. 1997). Coral recruitment can be interpreted 
as the attachment of larvae and growth of the coral to the 
size that can be seen by the naked eye. This is an important 
process of the population dynamics underlying the 
sustainability of coral reefs (Molding 2005).  

According to Rudi (2006), the recruitment of corals on 
a substrate is simply characterized by the emergence of 
young coral colonies. Coral recruitment can occur naturally 
or artificially, and coral recruitment data can be used to obtain 
information about coral reef damage and form solutions to 
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the problem of coral reef damage. Natural coral recruitment 
occurs through the process of reproduction. Corals can 
reproduce sexually or asexually, and the larva then attached 
to a particular substrate and grow into complex corals or 
coral ecosystems (Cameron and Harrison 2016). Sexual 
reproduction occurs by gamete formation through gameto-
genesis vents. Asexual reproduction occurs by fragmentation 
(splitting) or forming buds (Tunner et al. 2018; González 
2016). Artificial coral recruitment occurs by creating artificial 
reefs that can trigger the attachment of coral larvae. 

The placement of young coral attachment is strongly 
influenced by the substrate; and according to Doropoulos et 
al. (2017), complex substrate surface provides variation for 
the orientation of the embedded planula and simultaneously 
the protection from predation and grass. For this study, 
concrete substrate was selected as one of the suitable 
mediums for the growth of coral recruitment and reef 
ecosystem recovery due to its rough and hard surface. This 
is in accordance with Harrison and Wallace (1990) which 
states that one of the parameters for determining the 
success of coral recruitment in the coral reef environment 
is the presence of a hard substrate for the attachment of 
coral larvae. The initial step to monitoring and preserving 
the coral reef ecosystems around the study site is the 
collection of information on coral recruitment. This data 
will allow for the estimation of the sustainability of the 
biota that is symbiotic with coral reefs and coral 
recruitment, which is an important component in the 
recovery of coral communities. The current study aims to 
determine the recruitment of corals on rock substrates in 
Gosong Pramuka, Seribu Islands, Indonesia. 

MATERIALS AND METHODS  

Time and place 
This study was conducted from April 2015 to June 2015 

at Gosong Pramuka, Kepulauan Seribu, DKI Jakarta at 
coordinates 5º44'12 "LS - 5º44'18" LS and 106º36'30 "BT - 
106º36'8" BT. The study sites were divided into four 
different stations, namely Exposure Station I and II, and 
Shielded Station I and II. The location map of Gosong 
Pramuka research area, Kepulauan Seribu DKI Jakarta is 
presented in Figure 1. 

The difference between exposed and shielded stations is 
the extent of wave exposure; at the exposed stations the 
surface of the stone substrate is affected by the waves, 
while at the sheltered station, the stone substrate is not. 
Stone substrate is a breakwater rock that surrounds Nusa 
Resto. The data taken include the measurement of several 
parameters of water quality along with the recruiting corals 
on the stone substrate that serves as breakwater. The shape 
of the substrate to which the coral is attached can be seen in 
Figure 2. 

Tools and materials  
The equipment used consisted of basic dive equipment, 

Global Positioning System (GPS), underwater camera, 
meter, ruler, sample bottle, new top paper, stationery, 
thermometer, refractometer, and Coral Watch. The 
materials were are coral reef samples. A summary of all the 
tools and materials used and their functions can be seen in 
Table 1. 

 
 

 

 
 

Figure 1. Map of research location in Gosong Pramuka, Seribu Islands, Indonesia 
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Figure 2. Stone substrate where the coral recruits are attached 
(arrows) at Gosong Pramuka 
 
 
Table 1. Tools and materials research and function 
 

Tools and materials Information 

Dive basics tools Dive tool for sample identification 
Global Positioning System 
(GPS) 

Determine point of location of 
Station and sample taking 

Underwater Camera Documentation 
Meters and Rules Measuring instrument 
Sample bottle To take water samples 
Newtop paper Write data and observations 
Thermometer Measurement of temperature value 
Refractometer Measurement of salinity value 
Coral Watch To know the health of the reef 
Sample Coral recruits that exist in the 

research location 

Procedure 
Research activities consisted of preparation of tools and 

materials, observation of coral recruits, observation of the 
condition of the research area and data processing and 
statistical analysis. Parameters record during coral 
surveillance included identification (based on genus, 
lifeform, area, and diameter), coral health using Coral 
Watch, coral density, and other benthic biota recordings. 
Observations on the condition of the study area consisted 
of measuring the physical (including measurement of 
temperature, brightness, depth, current velocity) and 
chemical (including measurements of salinity, degree of 
acidity, orthophosphate, nitrate, ammonia) quality of the 
area. Additionally, data processing was performed to 
determine and measure the diameter and extent of recruited 
corals from the images utilizing Image Software J and 
graphically display the data in Microsoft Excel 2007. The 
data have been statistically analyzed to see the relationship 
and the influence of the observed parameters.  

Observation of coral recruitment 
Observations were made by observing each rock 

substrate from start to end of the station and every coral or 
other benthic biota found was recorded. Any coral recruits 
whose polyps were visible were counted and photographed  

 
 
Figure 3. Measurement of coral colonies (asterisks) by photo 
techniques using rulers and coral health tables (arrows) 

 
 
using underwater cameras with macro settings. A ruler was 
included in the photographs as a reference measure. Reefs 
were photographed perpendicularly, with the ruler and 
Coral Watch placed next to the coral as references, can be 
seen in Figure 3. The coral attachment distance from the 
bottom of the water was measured by the roll meter. The 
surface area of the substrate where the coral was attached 
was recorded. Coral substrates were measured by width 
and length (as close to cube-shaped), up to ten times. After 
recruiting corals were photographed, the results were 
identified by genus, lifeform, area, and diameter. 

Coral health data were obtained using Coral Watches, 
which are matched with the coral color which indicates the 
health of the coral (Siebeck et al. 2008). The density of 
corals in the rock substrate (breakwater) is obtained from 
living coral colony calculations, which were observed on 
the surface of breakwater rocks in each station by the 
formula below (modified from English et al. 1997):  

 

 
 
Note:  
N  = Density of coral species (colony/cm2) 
ni = Number of coral colonies i 
a  = Breakwater stone surface area 

 
Environmental parameter measurement 

The environmental parameters measured were the 
physical and chemical parameters of the area. These were 
performed either in situ or through laboratory analysis of 
the environmental productivity from the Department of 
Water Resources Management. Physical data parameters 
included temperature, brightness, and depth. Water 
temperature was obtained by inserting a thermometer into 
the seawater and then reading it. This measurement was 
done three times at each station. The depth was measured 
by using a rolling meter and repeating the measurement 
three times at each station. Brightness was measured by 
using a drowned Secchi disk at the study site. 
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Salinity was taken directly at the study site. Salinity 
was obtained by dripping the sample onto the refractometer 
glass and then looking at the salinity value of the waters. 
However, the remaining chemical parameters including the 
degree of acidity (pH), orthophosphate, nitrate, and 
ammonia measurements were carried out in the laboratory 
by taking water samples from the study site back to the 
laboratory. These samples were stored at cold temperatures 
and protected from sunlight. All actions were made to 
prevent damage to the sample when testing it in the 
laboratory. The degree of acidity was obtained in the 
laboratory by dipping a pH meter into the sample. Other 
chemical parameters such as orthophosphate, nitrate, and 
ammonia were obtained by laboratory analysis using a 
spectrophotometer to see the absorbance value that was 
then used to calculate the final value.  
 
Data processing 

Photos were processed using Image J 
(www.imagej.gov/ij), while the data was processed and 
graphically displayed using Microsoft Excel 2007 
Software. Photo processing of reefs in Image J Software 
included obtaining the extent of the station and the 
diameter of recruiting corals. To determine these values, a 
scale determination (Tool Bar Set Scale) was placed onto 
reef photos that had been opened in Image J, all according 
to the existing size reference. After that, the digitization 
process occurred by selecting the Polygon Selection from 
the Tool Bar, opening Set Measurements, and selecting 
Station and Feret's Diameter. The final step was to measure 
the digitized results by selecting Measure from the Tool 
Bar. The results of the measurements are then 
automatically displayed in the Results section.  

RESULTS AND DISCUSSION 

Recruitment based on genus 
Phase identification of coral recruits is done up to the genus 

stage. Identification of reef recruits is done by referring to Veron's 
identification book. Acropora and Porites were the two genera 
found at the site. A total of 95 colonies of coral recruits were 
found from the four stations (Exposed I, Shielded I, Exposed II 
and Shielded II) (Figure 4).  

This study found 18 Acropora recruiting coral colonies 
in Exposed Station I. At Shielded Station I 7 Acropora 
recruiting coral colonies were found. At Exposure Station 
II 19 Acropora recruiting coral colonies were recorded, 
which was the highest number of colonies in comparison to 
other stations. While at Shielded Station II 3 coral colonies 
consisted of Acropora and Porites. Exposure Station I had 
17 Porites colonies, which was the largest number of 
Porites. At Shielded station I, 11 colonies of Porites 
recruits were documented. At Exposure Station II, 4 
colonies of Porites recruits were found. At Shielded Station 
II 6 colonies of Porites recruits were found. The 
recruitment process plays a role in the addition of new 
individuals into the adult population so that the existence 
and sustainability of the population can be maintained. The 
coral recruitment process is characterized by the emergence 
of young coral colonies (juveniles) (Erwin et al. 2008). 

Recruitment based on growth form (lifeform) 
The growth forms of recruiting corals in the genus 

Acropora found in throughout the entire research station 
were tabulate, branching, digitate and encrusting. The 
graph of the growth form of the recruiting Acropora coral 
can be seen in Figure 5. 

A total of 22 colonies of corals recruited with tabulate 
growth were found. Nine of these colonies were found at 
Exposed Station I, 2 at Shielded Station I, 5 at Exposed 
Station II and 6 at Shielded Station II. A total of 4 colonies 
of Acropora branching was found at Exposed Station I, 
Exposed Station II, and Shielded Station II, while none was 
found at Shielded Station I. A total of 1 colony was found 
in Exposed Station I and Protected Station II, while in 
Station Exposure II found 2 colonies. Digitate growth types 
were found in a total of 16 colonies. Of those 16 colonies, a 
total of 3 colonies were found at Exposed Station I, 4 in 
Shielded Station I, 6 in Exposed Station II and 3 in 
Shielded Station II. Coral encrusting is an early form of 
Acropora coral growth. The total number of these growth 
forms is 15 colonies, consisting of 5 colonies in Exposed 
Station I, 1 colony at Protected Station I, 6 colonies at 
Exposed Station II and 3 colonies found in Sheltered 
Station II. Growth form that can be found in all stations is 
tabulated, digitated and encrusting. The most common 
form of colonies is tabulated growth, found in Exposed 
Station I. The least common type of colonies were 
branching, found in Shielded Station I. This branched 
shape and slender growth are most commonly found in 
stations with low wave energy. 

 
 

Figure 4. Number of coral reef colonies recruits of the genus 
Acropora and Porites at observation stations 

 
Figure 5. Number of colonies of coral recruit lifeform Acropora 
at observation stations 
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Figure 6. Number of coral colonies recruit lifeform Porites at 
observation stations 

 
 
In the genera Porites, sub-massive and massive coral 

growth types were found. Sub-massive growth type was 
found in one colony in Exposed Station I, 8 colonies in 
Protected Station I, 4 colonies in Station Exposed II, and 6 
colonies in Shielded Station II. A total number of 19 coral 
recruit colonies of the genus Porites with the sub-massive 
form were found. A total of 19 colonies of Porites massive 
growth type were found. Of these, 16 colonies were in 
Exposed Station I and 3 colonies in Sheltered Station I. 
These two forms of growth had the same total number of 
colonies in this study (Figure 6).  

According to Baker et al. (2008), coral growth forms 
are divided into two major groups: (i) Acropora; This form 
consists of branching, encrusting, submassive, digitate, and 
tabular (bordering the horizontal). (ii) Non-Acropora; This 
form consists of branching, encrusting, foliose, massive, 
submassive, mushroom, millepora (all types of fire coral, 
consisting of a yellow color at the tip of the colony) and 
heliopora (blue coral, the blue color visible on the 
skeleton). 

According to Veron (1995), each type of reef has a 
specific response to its environmental characteristics. 
Environmental factors, such as depth, strong currents and 
waves can affect the shape of coral growth. The rock coral 
growth form is generally a reflection of the surrounding 
environmental conditions, for example, coral species with 
branching forms and slender growth are commonly found 
in stations with low wave energy. 

Recruitment by area and diameter 
Known recruited reefs are grouped according to the 

range of values, as seen in Table 2. The most common 
range of recruited coral colonies is 25-50 cm2, which is 
observed in 27 recruiting coral colonies, while the widest 
range of colonies is 175-200 cm2 (Table 2). It can be 
assumed that there is a period of spawning of adjacent coral 
larvae for Acropora and Porites species, based on the 
largest number of recruiting coral colonies. On the other 
hand, the presence of Acropora recruit coral colonies in 
each wide range indicates the possibility of sequelae 
production of coral that occurs sequentially each month. It 
is known that Exposure Station I has the largest coral 
colony recruiting area of Porites, while for Acropora it is 
found in Shielded Station (I and II) (Figure 7).  

The most common range of diameter in recruiting coral 
is 9-12 cm, observed at 23 recruiting colonies. The lowest 
colony diameter range is 0-3 cm (Table 3). The largest 
diameter of colonies in the Acropora genus is found in 
Exposure Station II (12 cm), whereas the largest diameter 
in the Porites genus is found in Exposure Station I (14 cm) 
(Figure 8). 

 
Table 2. The wide range of Acropora and Porites coral colony 
recruits  
 

Colony-wide 
range  (cm2) 

Exposed 
I 

Shielded 
I 

Exposed 
II 

Shielded 
II Total 

A P A P A P A P 
          

0-25 1 2 1 3 5 0 0 1 13 
25-50 6 3 0 5 6 2 2 3 27 
50-75 1 3 1 1 0 1 1 1 9 
75-100 1 3 0 0 1 0 3 1 9 
100-125 0 1 2 1 0 1 3 0 8 
125-150 3 0 0 0 3 0 0 0 6 
150-175 1 3 0 1 1 0 1 0 7 
175-200 0 1 1 0 3 0 0 0 5 
>200 5 1 2 0 0 0 3 0 11 
          
Note: A: Acropora, P: Porites 
 
 
 
Table 3. The wide range of Acropora and Porites coral colony 
recruits 
 
Coral 
diameter 
range (cm) 

Exposed 
I 

Shielded 
I 

Exposed 
II 

Shielded 
II Total 

A P A P A P A P 
          
0-3 0 0 0 0 1 0 0 0 1 
3-6 0 0 0 2 2 0 0 0 4 
6-9 2 4 1 4 4 1 1 1 18 
9-12 6 2 1 2 4 2 2 4 23 
12-15 1 5 1 1 0 1 4 1 14 
15-18 2 1 1 1 4 0 2 0 11 
18-21 3 3 1 0 3 0 2 0 12 
>21 4 2 2 0 1 0 3 0 12 
          
Note: A: Acropora, P: Porites 
 
 
 

 
 

Figure 7. Average Acropora and Porites recruiting corals at 
observation stations 
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Figure 8. Average diameter of Acropora and Porites recruiting 
corals at observation stations 
 

 

Coral health 
Coral health values range from 0-6, and in the current 

study the maximum value of the coral health measurements 
was 6 and the minimum value was 1. The average health of 
coral fragments throughout the stations where the study 
was conducted ranged from 2-3. Exposed Station I has 11 
coral colonies and Shielded Station I has 10 coral colonies 
that have been given a coral health value of 6, ranking 
these stations a ‘good’ stations. However, eight colonies at 
Exposed Station I have a coral health value of 3, and 5 
coral colonies on Shielded Station I also had a coral health 
value of 3. This means that in Exposed Station I and 
Shielded Station I there are fewer healthy corals and 
potentially bleaching. Thirteen colonies of the corals in 
Exposed Station II were dominated by corals with health 
values of 3. This indicates that the coral in this location is 
in a less healthy condition. At Exposed Station II there are 
six coral colonies with a health value of 6, indicating a 
healthier reef. The condition of the reef at Shielded Station 
II Station is dominated by corals with values of 3 and 6, 
with a total of 9 coral colonies, which means that the 
station has an even distribution of unhealthy and healthy 
corals. This is evidenced by the condition of all research 
stations having temperatures ranging from 30-32°C, which 
is the optimum temperature range for coral growth. 
Additionally, the nitrate content at the four stations where 
the study was conducted ranged from 0.213 to 0.455 mg/l. 
These values are above the standard quality range of 0.008 
mg/l which is the optimum value for recruit coral growth. 
The increase of nutrients in the waters can increase the 
growth of macroalgae, causing coral disease. Rapid 
macroalgae growth is also a space competitor for coral 
growth. The dominant recruit corals found in all research 
stations were attached to the center of the breakwater, with 
an average distance from the bottom of the water of more 
than 10 cm2 

According to Marshall et al. (2012), the values of 0-2 
using the color scale for measurement showed that critical 
coral fragments and bleaching had begun to occur. A grade 
of 3-4 indicates a moderately healthy coral condition, and a 
value of 5-6 indicates healthy condition corals. An example 
of coral health conditions can be seen in figure 9.  

 
 
Figure 9. Coral health value reading techniques (arrows) 
 

Coral density 
The density value at Exposed Station I was 0.22 

colony/m2. Protected Station I had a value of 0.11 
colony/m2, Exposed Station II had a value of 0.13 
colony/m2 and Protected Station II had a value of 0.11 
colony/m2 (Table 5). The coral density was the greatest at 
Exposed Station I when compared to the other three 
stations, and the lowest density value was at Shielded 
Station I. The density of young coral colonies can be used 
as a standard for measuring the level of coral recruitment at 
a site. Overall, the density value at all the stations where 
the research was conducted is still low. The low density 
indicates there is a low recruitment rate at all stations. This 
is due to the increasing number of coral colonies, which 
will increase the coral density of the reefs when compared 
to the substrate surface area of the research station. 
However, the amount of large substrate surface that is still 
available can lead to increased recruitment rates. According 
to Connell et al. (1997), there is a positive correlation 
between the number of recruiting corals and the empty and 
available substrate surface area.  
 
 
Table 4. Density of recruiting corals in all stations of the study 
site 
 

Information 
Exposed 
Station I 

Shielded 
Station I 

Exposed 
Station 

II 

Shielded 
Station 

II 
     
Total of 
stones 

262 279 300 272 

Surface area 
of stone (m2) 

0.58±0.05 0.58±0.05 0.58±0.05 0.58±0.05 

Total of 
surface area 
(m2) 

153.32 163.27 175.56 159.17 

Density 
(colony/m2) 

0.22 0.11 0.13 0.11 

     
 

 

 

Healthy 
Not Healthy 
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Figure 10. Other benthic biotas. A. Horsehair (Diadema sp.); B. Anemone sand (Heteractis malu); C. Black Tail Sergeant/Abudefduf 
lorenzi (Pomacentridae) and Crustaceae 
 
 
 
Table 5. Density of recruiting corals in all stations of the study site 
 
Station Temperature 

(°C) 
Depth 
(cm) 

Brightness 
(%) 

Exposed I 31 98 100 
Shielded I 32 87 100 
Exposed II 30 70 100 
Shielded II 31 84 100 

 
 

Other benthic biotas 
The surface of the rock that coral attaches to is not only 

for coral attachment, but other biota attaches to the surface 
as well, which can affect the survival of the reef. Other 
sealing organisms found in the study area were sea urchins 
(Diadema sp.), sand anemones (Heteractis shame), fish 
(Pomacentridae) and Crustacea (Figure 10). 

The presence of grazer animals such as sea urchins 
(Diadema sp.) can facilitate larval attachment and increase 
the level of coral recruitment (Harrison and Wallace 1990), 
but intensive grass can destroy recruiting corals that live 
among the algae. Coral recruits are also damaged and 
injured due to predation by fish and sea urchins. The body 
cover of sand anemone (Heteractis embarrassment) can 
inhibit the attachment of recruiting coral larvae or decrease 
graduation of coral recruiting life due to space competition. 

Physical condition of waters research area 
Temperatures in all four stations range from 30-32°C, 

this temperature being within the optimum temperature 
range for coral growth. The optimal temperature for coral 
biota growth ranges from 25-32°C (Veron 1995). Most 
corals lose the ability to catch food at temperatures greater 
than 33.5°C and less than 16°C. Increasing the water 
temperature will increase the damage and death of coral 
reefs (Bramanti et al. 2005). According to Prasetia (2013), 
coral reefs are found in shallow waters of the tropics with 
an average annual water temperature of over 18°C. 

The depth at all four stations is in the range of 70-98 
cm, which indicates that the station where the research was 
conducted is within an optimum depth, as the optimal depth 
for reef development is less than 25 m (Prasetia 2013). All 
research stations had a brightness value of 100%, which is 

demonstrated by the ability to clearly see all the basic 
substrates of the waters at all locations. 100% brightness at 
all locations can be caused by a relatively shallow depth 
(between 70-98 cm) which allows the sunlight to penetrate 
to the bottom of the waters. One of the environmental 
phenomena that play a role in the development of coral 
reefs is the presence of bright, wavy,sediment-free waters. 
Brightness can affect the entry of light in the territorial 
waters, as incoming light can be used for the process of 
photosynthesis by corals. The lower the intensity of light 
entering the water column, the lower the rate of 
photosynthesis (Bengen 2002). The physical condition of 
the Gosong Pramuka Waters as a whole can be seen in 
Table 5. 

Current conditions in the Exposure Station are dynamic, 
but in a protected station it tends to be stagnant or static. 
The stagnant condition is usually less favored by reefs 
requiring sufficient flow for the distribution of nutrients, 
larvae, and sediments and to clean up dirt and waste (Veron 
1995). According to Dahuri (2003), current and water 
circulation play a role in the sedimentation process. 
Sediments of solid mud particles carried by surface run-off 
(due to erosion) cover the surface of coral reefs. This 
process not only has a negative impact on coral animals, 
but also on the living biota associated with these habitats. 

In conclusion, recruitment of corals attached to rock 
substrates at Gosong Pramuka for June 2015 was 
dominated by Acropora and Porites. The Acropora coral 
recruit lifeform types were tabulated, digitate, and 
encrusting, while Porites lifeforms were submassive and 
massive. The range of coral recruits was 25-50 cm2 and the 
diameter range of coral recruits was 9-12 cm. The factors 
that most influenced the coral recruitment of the genus 
Porites were depth, salinity, pH, and temperature, while the 
Acropora genus was more affected by the distance from the 
base. 

REFERENCES  

Antoni S, Bantan RA, Taki HM, Anurogo W, Lubis MZ., Al Dubai TA, 
Al-Zubieri AG. 2018 The extent of agricultural land damage in 
various tsunami wave height scenarios: Disaster management and 
mitigation. Intl Arch Photogramm Remote Sens Spatial Inf Sci. DOI: 
10.5194/isprs-archives-XLII-3-W4-51-2018. 

C B A 



 BIODIVERSITAS 19 (4): 1451-1458, July 2018 

 

1458

Anurogo W, Lubis MZ, Pamungkas DS, Ibrahim FM. A. 2017. Spatial 
Approach to Identify Slum Areas in East Wara Sub-Districts, South 
Sulawesi. IOP Conference Series: Earth and Environmental Science. 
DOI:  10.1088/1755-1315/98/1/012030. 

Babcock RC, Mundy CP. 1996. Coral recruitment: consequences of 
settlement choice for early growth and survivorship of two 
scleractinians. J  Exp  Mar  Biol  Ecol 206: 179-201. 

Baker AC, Glynn PW, Riegl B. 2008. Climate change and coral reef 
bleaching: An ecological assessment of long-term impacts, recovery 
trends and future outlook. Estuar Coast Shelf Sci 80 (4): 435-471. 

Baum G, Januar HI, Ferse SC, Kunzmann A. 2015. Local and regional 
impacts of pollution on coral reefs along the Seribu Islands north of 
the megacity Jakarta, Indonesia. PLoS One 10: e0138271. DOI: 
10.1371/journal.pone.0138271. 

Bramanti L, Magagnini G, De Maio L, Santangelo G. 2005. Recruitment, 
early survival and growth of the Mediterranean red coral Corallium 
rubrum (L 1758), a 4-year study. J Exp Mar Biol Ecol 314 (1): 69-78. 

Cameron KA, Harrison PL. 2016. Patterns of scleractinian coral 
recruitment at Lord Howe Island, an isolated subtropical reef off 
eastern Australia. Coral Reefs 35: 555-564. 

Connell JH, Hughes TP, Wallace CC. 1997. A 30-year study of coral 
abundance, recruitment, and disturbance at several scales in space and 
time. Ecol Monogr 67: 461-488.  

Dahuri R. 2003. Keanekaragaman Hayati Laut Aset Pembangunan 
Berkelanjutan Indonesia. PT. Gramedia Pustaka Utama. Jakarta. 
[Indonesian] 

Doropoulos C, Roff G, Visser MS, Mumby PJ. 2017. Sensitivity of coral 
recruitment to subtle shifts in early community succession. Ecology 
98 (2): 304-14. 

Erwin PM, Song B, Szmant AM. 2008. Settlement behavior of Acropora 
palmata planulae: Effects of biofilm age and crustose coralline algal 
cover. Proceedings of the 11th International Coral Reef Symposium 
1219-1223. 

González RM, Bozec YM, Chollett I, Ferrari R, Schönberg CH, Mumby 
PJ. 2016. Asymmetric competition prevents the outbreak of an 
opportunistic species after coral reef degradation. Oecologia 181 (1): 
161-173. 

Harrison PL, Wallace CC. 1990. Reproduction, dispersal and recruitment 
of Scleractinian coral. In: Dubinsky Z (ed.). Ecosystem of the World 
Vol. 25, Coral Reefs. Elsevier, Amsterdam 

Kausarian H, Sumantyo JT, Kuze H, Karya D, Wiyono S. 2016. The 
origin and distribution of silica mineral on the recent surface sediment 
area, northern coastline of Rupat Island, Indonesia. ARPN J Eng Appl 
Sci 12: 980-989. 

Kawaroe M, Nisa VC, Winarto A. 2015. The development of oocytes 
from fragmented soft corals, Sarcophyton crassocaule in Gosong 
Pramuka, Seribu Islands, Jakarta. Bonorowo Wetlands 5: 21-28. 

Lubis MZ, Anurogo W, Hanafi A, Kausarian H, Taki HM, Antoni S. 
2018. Distribution of benthic habitat using Landsat-7 Imagery in 
shallow waters of Sekupang, Batam Island, Indonesia. Biodiversitas 
19: 1117-1122. 

Lubis MZ, Taki HM, Anurogo W, Pamungkas DS, Wicaksono P, 
Aprilliyanti T. 2017. Mapping the distribution of potential land 
drought in Batam Island using the integration of remote sensing and 
Geographic Information Systems (GIS). IOP Conference Series: Earth 
and Environmental Science. DOI: 10.1088/1755-1315/98/1/012012. 

Marshall NJ, Kleine DA, Dean AJ. 2012. CoralWatch: education, 
monitoring, and sustainability through citizen science. Front Ecol 
Environ 10 (6): 332-334. 

Moulding AL. 2005. Coral recruitment patterns in the Florida Keys. 
Revisita de Biologia Tropica 53 (1): 75-82. 

Obura D, Grimsditch G. 2009. Resilience Assessment of Coral Reefs: 
Rapid Assessment Protocol for Coral Reefs, Focusing on Coral 
Bleaching and Thermal Stress. IUCN, Gland, Switzerland.   

Prasetia IN. 2013. Kajian Jenis dan Kelimpahan Rekrutmen Karang di 
Pesisir Desa Kalibukbuk, Singaraja, Bali. Bumi Lestari 13 (1): 69-78. 
[Indonesian] 

Rudi E. 2006. Rekruitmen Karang (Skleraktinia) di Ekosistem Terumbu 
Karang Kepulauan Seribu DKI Jakarta. [Disertasi]. Sekolah 
Pascasarjana, IPB, Bogor. [Indonesian] 

Turner JA, Thomson DP, Cresswell AK, Trapon M, Babcock RC. 2018. 
Depth-related patterns in coral recruitment across a shallow to 
mesophotic gradient. Coral Reefs 2018: 1-2. DOI: 10.1007/s00338-
018-1696-8. 

Veron JEN. 1995. Corals in Space and Time: The Biogeography and 
Evolution of TheSclerectinia. UNSW Press, Sidney, AU. 

Warsa A, Purnawati BI. Kondisi lingkungan dan terumbu karang di daerah 
perlindungan laut Pulau Pramuka, Kepulauan Seribu. 2017. Bawal 
Widya Riset Perikanan Tangkap 3: 115-21. [Indonesian] 

 



BIODIVERSITAS  ISSN: 1412-033X 
Volume 19, Number 4, July 2018 E-ISSN: 2085-4722  
Pages: 1459-1467 DOI: 10.13057/biodiv/d190436 

Phytoplankton diversity in three lakes of South Ural, Russia 

ANASTASIYA M. KOSTRYUKOVA♥, TATYANA G. KRUPNOVA♥♥, IRINA V. MASHKOVA♥♥♥, SVETLANA V. 
GAVRILKINA, NIKITA O. EGOROV 

Department of Chemistry, South Ural State University, 76 Lenin Prospect, 454080 Chelyabinsk, Russia. Tel./Fax. +7-351-2679517, email: 
kostriukovaam@susu.ru, email: krupnovatg@susu.ru, email: mashkovaiv@susu.ru. 

Manuscript received: 8 November 2017. Revision accepted: 6 July 2018.  

Abstract. Kostryukova AM, Krupnova TG, Mashkova IV, Gavrilkina SV, Nikita O. Egorov NO. 2018. Phytoplankton diversity in three 
lakes of South Ural, Russia. Biodiversitas 19: 1459-1467. Preservation of water ecosystems in their natural state is of great significance. 
Phytoplankton is one of the biotic indicators of the lake trophic status and ecological state. This study deals with phytoplankton diversity 
of three lakes of South Ural, Russia. The studied lakes represented different trophic states: Lake Savelkul was oligo-mesotrophic, Lake 
Ilmenskoe was mesotrophic and Lake Argayash was eutrophic. The species composition of common phytoplankton was recorded in 
June-July months during 2015 and 2016. The Cyanophyta (blue-green algae) species were dominant in Lake Ilmenskoe(42-64%) and 
Lake Argayash(55-70%). The Bacillariophyta (diatom algae) species were dominant in the Lake Savelkul(40-66 %). The most common 
diversity indices namely the Shannon Index, Simpson Index and Margalef Index were determined and the data was also analysed using 
graphs. The graphs were constructed by the similarity calculating method on the basis of the Sorensen-Czekanowski coefficient. 
Diversity indices confirm the higher species richness of the microalgal community of Lake Ilmenskoe, classified as mesotrophic. It was 
shown that the lakes have sufficiently high biodiversity and high ecosystem resilience. Further, statistical analysis (CCA) revealed that 
orthophosphate-phosphorus, nitrite-nitrogen and pH were the most significant environmental factors influencing phytoplankton 
community of the lakes studied. 

Keywords: Diversity indices, lake ecology, phytoplankton diversity, South Ural 

INTRODUCTION 

Water ecosystems are susceptible to numerous human 
activities (water supply, wastewater discharge, water 
transport, recreation, hydropower and many others) which 
have a negative impact on their ecological state 
(eutrophication). Eutrophication, which also occurs 
naturally, is the enrichment of surface waters with high 
concentration of nutrients, mostly nitrogen and phosphorus. 
It is one of the most widespread ecological problems of 
lakes and other open water sources. Under normal 
conditions, it takes thousands of years for the trophic state 
of water bodies to change. But human activity has rapidly 
increased eutrophication in water bodies. 

Eutrophication is the process of change from 
oligotrophic or mesotrophic state to a higher trophic state 
(eutrophic). Eutrophication leads to increase in production 
and biomass of macrophytes and phytoplankton, oxygen 
depletion, reduced light penetration and extensive 
deterioration of water quality. Shallow lakes are especially 
vulnerable to eutrophication because of high level of 
phytoplankton biomass and significant nutrient input from 
sediments (Rao et al. 2018). Carlson's Trophic State Index 
(TSI) is one of the more commonly used trophic indices 
(Carlson 1977). The index can be calculated from any of 
several parameters, usually used ones are Secchi disk 
transparency, chlorophyll content and total phosphorus. 

Phytoplankton dominate primary production in most 
freshwater ecosystems and they are often used as 
ecological indicators of freshwater lakes (Poot-Delgado 

and Okolodkov 2016; Jiang et al. 2014; Suda et al. 2016) 
and rivers (Vasiljević et al. 2017). They are relatively easy 
to detect, identify, and quantify; and they are sensitive to 
diverse environmental stressors. The differences in the 
dominant phytoplankton assemblage of lakes reflect their 
trophic levels (Barinova et al. 2006). So quantitative 
indicators of phytoplankton are widely used to assess the 
trophic state of water bodies (Wasmund et al. 2017; 
Wasmund 2017; Mangoni et al. 2017; Taş 2016; Liu 2014).  

Directive 2000/60/EC of the European Parliament and 
of the Council establishing a framework for the 
Community action in the field of water policy was adopted 
in 2000 (Directive 2000). The directive's main objective is 
to ensure a good status of surface and groundwater. 
Phytoplankton is one of the five biological quality elements 
being recommended by the Directive to assess surface 
waters.  

Since anthropogenic activities can lead to significant 
changes in the structure of phytoplankton community 
(Schuster et al. 2015), species richness is often used as the 
most convenient ecological indicator of water bodies. 
According to Barinova et al. (2006), information on the 
state of the first trophic level (algae) allows predicting the 
state of the entire biotic component of an aquatic 
ecosystem. Quite often, research also consists in 
identifying the most important environmental factors that 
have the greatest impact on the composition of a 
phytoplankton community (Jiang et al. 2014) by means of 
Canonical correspondence analysis. 
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There are more than 30 lakes with different trophic 
states located in the territory of the Ilmen State Reserve 
(South Ural, Russia). This paper deals with studies of the 
phytoplankton community of three lakes: Lake Savelkul 
(oligomesotrophic), Lake Ilmenskoe (mesotrophic state) 
and Lake Argayash (eutrophic state). The Ilmen Reserve is 
located in the central part of the Chelyabinsk Region near 
the city of Miass. Its area is 303.8 km². Lake Ilmenskoe is 
more studied than Lake Argayash and Lake Savelkul. 
There are several earlier reports on the phytoplankton of 
Lake Ilmenskoe, which explore its species composition, 
quantitative and eco-geographical characteristics 
(Krupnova et al. 2014, Krupnova et al. 2017, Kostryukova 
et al. 2016). There are also studies on the zooplankton 
communities, macrophytes and mollusks (Mashkova et al. 
2015 a, b, Kostryukova et al. 2016). However, the 
phytoplankton diversity of Lake Argayash and Lake 
Savelkul is not studied. 

MATERIALS AND METHODS 

Study area 
Three lakes have been studied, namely Lake Ilmenskoe, 

Lake Argayash and Lake Savelkul, in the South Urals, 
Russia. Sampling was carried out during the vegetation 
period in June-July of 2015 and 2016, in 5 stations 
distributed along the entire perimeter of Lake Ilmenskoe, 4 
stations along the entire perimeter of Lake Argayash and 3 
stations along the entire perimeter of Lake Savelkul (Figure 
1, Table 2). 

Lake Ilmenskoe 
Lake Ilmenskoe is located on the south border of the 

Ilmen State Reserve and is between the Chashkovsky 
Mountains (south-western side), Mount Kosaya (eastern 
side) and Mount Ilmen . A motor road and railway runs 
along the northern shore of the lake, and also located 
buildings of Miass city. A recreational area is located on 
the western shore. A swamp is located in southern shore. 
The eastern shore of lake is located on the territory of the 
Ilmen State Reserve. Peat bogs surround Lake Ilmenskoe in 
the south and north-east. Water is accumulated from 
marshes in the southern and small rivers in the eastern and 
south-eastern part of the lak The bottom is mostly sandy or 
pebbly.e. Lake Ilmenskoe belongs to the flow-drain type of 
hydrological regime, it is characterized by low flowage and 
recharged mainly via groundwater seepage. The lake's 
flowage is periodic, which explains the fluctuation of the 
water level. Sufficient level of washing-out and leaching of 
the underlying rocks led to low mineralization of water. 
There is a predominance of hydrocarbonate ions (anionic 
composition), as well as ions of calcium, magnesium, alkali 
metals (cationic composition). Lake Ilmenskoe is poor in 
mineral compounds of iron, phosphorus, and nitrogen. 
Based on type of mineralization, Lake Ilmenskoe is a 
freshwater body of hydrocarbonate type HCO3

– - Ca2+ - 
Mg2+; the salt content is 79.3-164.7 mg/l (Andreeva 1973). 
By the trophic state, Lake Ilmenskoe is classified as 
mesotrophic (Mashkova et al. 2015 b). 

Lake Argayash 
Lake Argayash is entirely located on the territory of the 

Ilmen State Reserve, to the east of Lake Ilmenskoe. The 
bottom is mostly sandy, sometimes silty. The reservoir is 
located in an elongated depression of the relief. The coast 
is slightly rugged, and unlike Lake Ilmenskoe, the basin of 
Lake Argayash is shallow and level. Lake Argayash is 
located among the highlands formed by the spurs of Mount 
Kosaya. The banks are low, often swampy. Water is carried 
into the lake by a stream flowing into the lake from the 
west and a swamp in the southeast. A small river flows 
from Lake Argayash, passing through a swamp in the 
north. Only a small area in the center of the lake where the 
depths are maximal is free from macrophytic vegetation. 
By the trophic state, Lake Argayash is classified as 
eutrophic (Mashkova et al. 2015 b). It is natural 
eutrophication. 

Lake Savelkul 
Lake Savelkul is entirely located on the territory of the 

Ilmen State Reserve. This reservoir has a tectonic origin. 
The bottom is mostly silty. The banks are sand and rock, 
often flat. By the trophic state, Lake Savelkul is classified 
as oligomesotrophic. Lake is weakly flowing. The oxygen 
regime remains stable and favorable. Lake Savelkul, by the 
type of mineralization, is a freshwater body of 
hydrocarbonate type HCO3

– - Ca2+ - Ca2+; the salt content is 
70.0-300.0 mg/l (Andreeva 1973). Table 1 summarises the 
main morphometric parameters of the three lakes studied.  
 
Table 1. Main morphometric parameters of Lake Ilmenskoe, Lake 
Argayash, and Lake Savelkul, in the South Urals, Russia 
 

Lake 
Height 

above sea 
level, m 

Surface 
area, km2 

Depth, m 

Maximum Average 

Lake 
Ilmenskoe 

331.40 4.56 6.10 3.00 

Lake 
Argayash 

354.00 0.75 
7.00 4.90 

Lake 
Savelkul 

314.90 0.51 8.00 5.00 

 
 

Table 2. Coordinates of sites on lakes Ilmenskoe, Argayash and 
Savelkul, in the South Urals, Russia 
 

Sites Coordinates 

Lake Ilmenskoe  
Site1 54°59'40.48" N, 60°9'44.35" E 
Site 2 55°0'17.20" N, 60°9'56.03" E 
Site 3 55°1'2.40" N, 60°8'53.64" E 
Site 4 55°0'25.58" N, 60°8'6.05" E 
Site 5 54°59'53.01" N, 60°8'29.97" E 
Lake Argayash  
Site 6 54°59'22.93" N, 60°12'46.11" E 
Site 7 54°59'4.33" N, 60°13'25.47" E 
Site 8 54°59'18.41" N, 60°13'50.15" E 
Site 9 54°59'57.64" N, 60°13'38.89" E 
Lake Savelkul  
Site10 55°7'54.65" N, 60°18'40.33" E 
Site 11 55°8'18.33" N, 60°18'17.00" E 
Site 12 55°7'53.52" N, 60°18'21.34" E 
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Figure 1. Map of lakes and location of the sampling stations, in the South Urals, Russia 
 
 
 
Methodology  
Identification of phytoplankton species 

At each site, the samples were collected and then 
filtered through a plankton net (mesh size: 100 µm). The 
retained organisms were transferred into glass containers 
and the collected material was preserved in 5 % formalin. 
Non-diatom algae were analyzed using a magnification of 
600× (Altami BIO 2T microscope, Altami Ltd, Russia, St. 
Petersburg.). Permanent diatom slides were prepared after 
oxidizing the organic material (by nitric acid and sulfuric 
acid) and a minimum of 300 valves were counted for each 
sample using an Altami BIO 2T microscope at 1000× 
under oil immersion. Species were identified using the 
handbooks by Sladecek (1973), Yarushina et al. (2004), Al-
Kandari et al. (2009) and Guiry and Guiry (2018). 

 
Water quality analysis 

The following instream parameters including pH, 
dissolved oxygen (DO), and water temperature (WT) were 
measured in situ by a Portable Meter (Multitest IPL-513, 
Semico Ltd, Russia, Novosibirsk). Air temperature was 
determined with a mercury thermometer. Oxygen 
saturation (P, %) was calculated. At each site, water 
samples were also collected for further laboratory analysis 

including nitrate-nitrogen (NO3
-), nitrite-nitrogen (NO2

-), 
ammonium-nitrogen (NH4

+), orthophosphate-phosphorus 
(PO4

3-), common phosphorus (Pcom), sulfate-sulfur (SO4
2-), 

chlorides (Cl-), alkalinity (Alk), total hardness (H), calcium 
hardness (Са2+), magnesium hardness (Mg2+), bicarbonates 
(HCO3

-). All these parameters were measured in the 
laboratory of the Department of Chemistry of South Ural 
State University, according to the standard methods 
(Mashkova et al. 2015b). Spectrophotometer KFK-3 was 
used for spectrophotometric analysis.  

Data analysis 
Diversity indexes have been created in order to 

empirically measure biodiversity. A diversity index is a 
quantitative measure that reflects how many different 
species there are in an ecosystem, and simultaneously takes 
into account how evenly the organism are distributed 
among those species. The Shannon index (Shannon-
Weiner) is frequently used in the determination of 
phytoplankton diversity and consequently the pollution 
level (Setyono and Himawan 2018). Simpson's Diversity 
Index is often used to quantify the biodiversity in ecology. 
It takes into account the number of species present, as well 
as the relative abundance of each species. Also, the 
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Margalef index appears to be a good diversity indicator as 
well as a valuable parameter for the temporal data series 
analysis, from changing environments and for the 
conservation of natural environments.  

The Shannon inhomogeneity index was used to assess 
the structure of the phytoplankton community (Motwani et 
al. 2014): 

 

,plnpH i
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   (1) 

 
Where, pi = ni / N is the share of the i-th species in the 

biotope, ni is the number of the i-th species, N is the total 
number of organisms. 

The Shannon index is a mathematical measure of 
species diversity in a community. Diversity indicators 
provide more information about the community 
composition than just species diversity (the number of 
species present). They also take into account the relative 
abundance of different species.  

The data was analyzed using graphs. The graphs were 
constructed using a method for calculating the similarity on 
the basis of the Sorensen-Czekanowski coefficient as an 
index of community which takes into account the positive 
coincidences for cluster analysis. Graphs were calculated 
using a special program module "GRAPHS" (Nowakowski 
2004). 
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Where: a is the number of species in one community; b 

is number of species in another community; c is the number 
of species common to the two communities. The limits of 
this coefficient are from 0 to 100 %, where 100 % means a 
complete similarity of communities (absolute coincidence 
of lists), and 0 means that they do not have any common 
species. 

The Margalef index was calculated to assess the species 
richness (Motwani et al. 2014). It was estimated by the 
formula: 

1)/lnN,(SDMr    (3) 

Where: S is the number of species, and N is the total 
number of individuals in the sample 

As species richness and evenness increase, so diversity 
increases. 

The Simpson index was used to estimate the species 
abundance: 
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Where: ni is the significance estimate of each species 

(abundance or biomass), N is the sum of significance 
estimates. 

Berger and Parker indices is a simple dominance 
measure (Berger and Parker 1970): 

 

d=Nmax/N,  (5) 

Where: Nmax - the number of individuals in the most 
abundant species, N - the total number of individuals. 

The relationship between the phytoplankton community 
and the environmental factors was analyzed using the 
Canonical Correspondence Analysis (CCA), as well as the 
«Graphs» suite. The Analysis of variance (ANOVA) was 
used to test for significant difference (p <0.05) of the 
environmental parameters in the sites. Microsoft Excel 
2013 and SPSS 24.0 software were used to organize and 
analyze the data. 

RESULTS AND DISCUSSION 

Phytoplankton community of the Lakes  
The species composition of the phytoplankton 

community of the three lakes is provided as Table 3. The 
identified species belong to 7 algal classes namely 
Bacillariophyta, Cyanophyta, Chlorophyta, Chrysophyta, 
Euglenophyta, Dinophyta, and Xanthophyta. 

The phytoplankton community of three lakes was 
represented 7 sub-divisions and11 classes. Number of taxa 
from order to species level resolution is provided in Figure 
2. This is a common number of species for small 
freshwater lakes (Barinova et al. 2006). The phytoplankton 
community was more diverse in the mesotrophic Lake 
Ilmenskoe as compared to the oligomesotrophic Lake 
Savelkul and eutrophic Lake Argayash. Diatoms were the 
major phytoplankton group in the Lake Ilmenskoe (Figure 
3), followed by blue-green and green algae. Diatoms were 
the major phytoplankton group in the Lake Savelkul also, 
but followed by green and blue-green algae (see Figure 3). 
Green algae were the major phytoplankton group in the 
Lake Argayash, followed by blue-green and diatom algae 
(see Figure 3). A few euglenoids, dinoflagellates, and 
yellow-green algae were found in all three lakes. The 
diversity of euglenoids was higher in lakes Argayash and 
Ilmenskoe than in Lake Savelkul (5, 5 and 3 species, 
respectively). This is consistent with Barinova et al. (2006), 
who showed that the biodiversity of euglenoids increased 
with the trophicity of the reservoir. 83 % of all the algae 
were widespread planktonic species. Their number was 
approximately the same across the studied lakes. 

The Cyanophyta (blue-green algae) species were 
dominant in two water bodies (it was 42-64 % and 55-70 % 
for Lake Ilmenskoe and Lake Argayash, respectively). The 
proportion of diatoms and greens was between 14 and 36%. 
Usually, blue-green algae are dominant in mesotrophic and 
eutrophic lakes (Barinova et al. 2006).  

The Bacillariophyta (diatom algae) species were 
dominant in the Lake Savelkul; it was 40-66 %. The 
proportion of blue-greens and greens was between 18 and 
32 %.  

Diversity indices  
The different Diversity indices of the phytoplankton 

community (the Shannon, Simpson and Margalef Indexes) 
are given in Table 4. 

 



KOSTRYUKOVA et al. – Phytoplankton diversity in the South Ural lakes, Russia 

 

1463

Table 3. Comparison of phytoplankton composition of Lake Ilmenskoe, Lake Argayash and Lake Savelkul in the South Urals, Russia 
 

Species 
Lake 

Ilmenskoe 
Lake 

Argayash 
Lake 

Savelkul 
    

Bacillariophyta  
Amphora ovalis (Kützing) Kützing * * - 
Asterionella formosa Hassall * * * 
Aulacoseira ambigua (Grunow) Simonsen - * * 
Aulacoseira granulata (Ehrenberg) Simonsen * * * 
Cocconeis placentula Ehrenberg * - - 
Cyclotella radiosa (Grunow) Lemmermann * - * 
Cyclotella meneghiniana Kützing - * - 
Cymbella cistula (Ehrenberg) O.Kirchner * - * 
Cymbella cymbiformis C.Agardh * * * 
Cymbella helvetica Kützing * * * 
Cymbella lanceolata (C.Agardh) C.Agardh * - * 
Cymbella parva (W.Smith) Kirchner * - - 
Diatoma elongatum (Lyngbye) C.Agardh * - - 
Diatoma vulgare Bory * * * 
Epithemia turgida var. turgida (Ehrenberg) Kützing * - - 
Eunotia meisteri Hustedt * - - 
Fragilaria acus (Kützing) Lange-Bertalot * - * 
Fragilaria crotonensis Kitton * * * 
Fragilariforma virescens (Ralfs) D.M.Williams & Round * * - 
Gomphonema acuminatum Ehrenberg * - - 
Gomphonema truncatum Ehrenberg * - - 
Melosira varians C.Agardh - * - 
Navicula gracilis Lauby * - * 
Navicula radiosa Kützing * * * 
Navicula rhynchocephala Kützing * - - 
Nitzschia sigmoidea (Nitzsch) W.Smith * - * 
Pinnularia alpina W.Smith * - * 
Pinnularia gentilis (Donkin) Cleve * - - 
Pinnularia viridis (Nitzsch) Ehrenberg * - * 
Rhoicosphenia abbreviata (C.Agardh) Lange-Bertalot * - - 
Rhopalodia gibba (Ehrenberg) Otto Müller * * - 
Stauroneis sp. * - * 
Surirella elegans Ehrenberg * - * 
Synedra berolinensis var. berolinensis Lemmermann * - - 
Synedra ulna var. acus Mayer * - * 
Synedra ulna var. ulna (Nitzsch) Ehrenberg * - - 
Tabellaria fenestrata (Lyngbye) Kützing * * * 

    
Cyanophyta  

Anathece clathrata (W.West & G.S.West) Komárek, Kastovsky & Jezberová * - - 
Chroococcus tenax (Kirchner) Hieronymus * - * 
Chroococcus turgidus (Kützing) Nägeli * * - 
Coelomoron pusillum (Van Goor) Komárek - * * 
Dolichospermum flosaquae (Brébisson ex Bornet & Flahault) P.Wacklin, L.Hoffmann & J.Komárek * * * 
Dolichospermum circinale (Rabenhorst ex Bornet & Flahault) P.Wacklin, L.Hoffmann & J.Komárek * * * 
Dolichospermum lemmermannii (Richter) P.Wacklin, L.Hoffmann & J.Komárek * * * 
Dolichospermum scheremetievii (Elenkin) Wacklin, L.Hoffmann & Komárek * * * 
Dolichospermum spiroides (Klebhan) Wacklin, L.Hoffmann & Komárek * - - 
Gloeocapsa sanguinea (C.Agardh) Kützing * - - 
Gloeotrichia echinulata P.G.Richter * * * 
Gloeotrichia pisum Thuret ex Bornet & Flahault * - - 
Jaaginema subtilissimum (Kützing ex Forti) Anagnostidis & Komárek * * - 
Merismopedia convoluta Brébisson ex Kützing * - - 
Microcystis aeruginosa (Kützing) Kützing * * * 
Microcystis viridis (A.Braun) Lemmermann * - - 
Microcystis pulverea (H.C.Wood) Forti * * * 
Microcystis wesenbergii (Komárek) Komárek ex Komárek * * * 
Oscillatoria limosa C.Agardh ex Gomont * * * 
Snowella lacustris (Chodat) Komárek & Hindák * - * 
Snowella rosea (J.W.Snow) Elenkin * * * 
Woronichinia naegeliana (Unger) Elenkin * * * 
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Chlorophyta  
Botryococcus braunii Kützing * - * 
Closterium parvulum Nägeli - * * 
Closterium strigosum Brébisson - * - 
Coenococcus planctonicus Korshikov * - * 
Cosmarium baileyi Wolle * * * 
Dispora crucigenioides Printz * - - 
Eudorina elegans Ehrenberg * * * 
Monactinus simplex (Meyen) Corda * - * 
Mucidosphaerium pulchellum (H.C.Wood) C.Bock, Proschold & Krienitz - * - 
Neocystis ovalis (Korshikov) Hindák * * * 
Oocystis borgei J.W.Snow * * * 
Pediastrum duplex Meyen * * * 
Planktosphaeria gelatinosa G.M.Smith * * - 
Pseudopediastrum boryanum (Turpin) E.Hegewald * * * 
Radiococcus polycoccus (Korshikov) I.Kostikov, T.Darienko, A.Lukesová & L.Hoffmann * - - 
Scenedesmus quadricauda (Turpin) Brébisson - * * 
Sphaerocystis schroeteri Chodat * * * 
Spirogyra porticalis (O.F.Müller) Dumortier * * - 
Spirogyra sp. * - * 
Staurastrum gracile Ralfs ex Ralfs * * * 
Staurastrum paradoxum Meyen ex Ralfs * - - 
Ulothrix tenerrima (Kützing) Kützing   * -  
Ulothrix zonata (F.Weber & Mohr) Kützing * - - 
Volvox aureus Ehrenberg * * * 
Volvox sp. - * * 

    
Chrysophyta  

Chrysococcus klebsianus Pascher * - - 
Dinobryon divergens O.E.Imhof * * * 
Dinobryon sociale var. americanum (Brunnthaler) Bachmann * - * 

    
Euglenophyta  

Euglenaformis proxima (Dangeard) M.S.Bennett & Triemer * - - 
Lepocinclis acus (O.F.Müller) Marin & Melkonian * * * 
Trachelomonas armata (Ehrenberg) F.Stein - * - 
Trachelomonas euchlora (Ehrenberg) Lemmermann - * - 
Trachelomonas hispida (Perty) F.Stein - * - 
Trachelomonas planctonica Svirenko * - - 
Trachelomonas pseudobulla Svirenko * * * 
Trachelomonas volvocina (Ehrenberg) Ehrenberg * - * 

    
Dinophyta  

Ceratium hirundinella (O.F.Müller) Dujardin * * * 
Peridinium cinctum (O.F.Müller) Ehrenberg * * * 

    
Xanthophyta  

Tribonema viride Pascher * * * 
Note: * = Present, - = Absent 

 
 

 

 
 
Figure 2. Number of taxa for each taxonomic resolution 

 

 
Figure 3. Number of species for diatoms, blue-green and green algae 
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Table 4. Biodiversity indices of the phytoplankton community of Lake Ilmenskoe, Lake Argayash, and Lake Savelkul.  
 

Indexes 
Lake Ilmenskoe Lake Argayash Lake Savelkul 

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8 Site 9 Site 10 Site 11 Site 12 
             
2015 
Shannon index 3.14 2.75 3.07 1.84 2.86 1.21 1.59 2.51 2.48 2.62 1.96 2.91 
Margalef index 9.31 7.16 6.21 3.10 7.40 2.30 1.97 4.60 3.94 4.12 1.70 5.57 
Simpson index 0.06 0.08 0.05 0.25 0.07 0.45 0.23 0.07 0.06 0.07 0.13 0.05 
             
2016 
Shannon index 2.57 2.25 2.25 2.30 2.69 2.11 2.11 1.61 1.98 2.35 2.43 2.53 
Margalef index 4.04 2.69 2.69 2.96 4.31 2.83 2.83 1.89 2.83 5.03 3.78 4.09 
Simpson index 0.07 0.10 0.09 0.10 0.06 0.10 0.11 0.23 0.15 0.13 0.07 0.05 
 
 
 

The Shannon index in Lake Ilmenskoe (annual average: 
2.73 in 2015 and 2.41 in 2016), as well in Lake Savelkul 
(annual average: 2.50 in 2015 and 2.44 in 2016) was 
slightly higher than in Lake Argayash (annual average: 
1.95 in 2015 and 2016). The values of the Shannon index 
over two years, reveals a medium diverse phytoplankton 
community. The phytoplankton diversity indicators are 
weak indicators of trophic state and may well characterize 
only the differences between complexes and associations 
(Rakocevic-Nedovic and Hollert 2005). Eutrophic and 
mesotrophic water bodies are characterized by high 
biodiversity indices. However, the low Shannon index 
values for the phytoplankton of Lake Argayash indicate a 
higher trophic state of the water body. The value of the 
Shannon index decreases with increasing trophic state. To 
better assess the trophic state of lakes, more detailed 
studies are required, including the determination of water 
quality, abundance, and biomass of plankton and the 
primary production of phytoplankton (Jekatierynczuk-
Rudczyk et al. 2014). 

Species similarity between the phytoplankton 
communities of the lakes was assessed using cluster 
analysis based on the Sorensen-Czekanowski coefficient 
(Figure 4). The species composition showed large 
similarity between sampling stations of Lake Ilmenskoe 
and Lake Argayash, while the taxonomic composition of 
algae of Lake Savelkul was highly specific, since it was 
characterized by low values of the Sorensen-Czekanowski 
similarity index. 
 

 
Figure 4. Sorensen-Czekanowski similarity of phytoplankton 
composition between different sampling stations in lakes 

The Margalef index reflects the density of species over 
a certain area (the higher the index value, the greater the 
species richness over the study area). The average Margalef 
index value of Lake Ilmenskoe and Lake Savelkul was 6.64 
and 3.80, respectively, in 2015, also 3.34 and 4.30, 
respectively, in 2016. The absolute index values ranged 
from 2.69 to 9.31 for Lake Ilmenskoe and from 1.70 to 
5.57 for Lake Savelkul. For Lake Argayash, the average 
Margalef index value was 3.20 and 2.60, respectively, the 
absolute index values ranged from 1.89 to 4.60. Lake 
Argayash, being eutrophic, is characterized by lower 
species richness. 

The Simpson index reflects the dominance of individual 
species in a community. An increase in their number means 
a decrease in diversity and an increase in the degree of 
dominance of one species. The average Simpson index 
value of lakes Ilmenskoe and Savelkul was 0.08-0.10 in 
2015 and 2016. Of Lake Argayash it equaled 0.20 and 0.15, 
respectively. The obtained values indicate a uniform 
distribution of species without the predominance of any of 
them.  

The dominant species were selected based on total 
abundance of species in all sampling stations of the three 
lakes. A species is considered dominant If its dominance 
value was greater than 0.05. Accordingly, there were 20 
dominant species, including 5 species of Bacillariophyta 
(Asterionella formosa, Diatoma vulgare, Fragilaria 
crotonensis, Fragilaria acus, Synedra ulna var. ulna), 8 
species of Cyanophyta (Dolichospermum flosaquae, 
Dolichospermum circinale, Dolichospermum 
lemmermannii, Dolichospermum scheremetievii, 
Gloeotrichia echinulata, Microcystis aeruginosa, 
Microcystis wesenbergii, Oscillatoria limosa), 6 species of 
Chlorophyta (Neocystis ovalis, Coenococcus planctonicus, 
Eudorina elegans, Pediastrum duplex, Volvox aureus, 
Volvox sp.) and one species of Dinophyta (Ceratium 
hirundinella). 

Influence of environmental factors 
To evaluate the relationship between the water quality 

indices and the number of observed phytoplankton 
dominant species, Canonical correlation analysis was 
conducted in each of the sites under study (Figure 5). Each 
environmental factor variable is represented by an arrow, 
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which determines an axis. The projection of a species on 
this axis indicates the level of the factor where the species 
is most abundant. 

 

 
 

Figure 5. CCA biplot of phytoplankton and environmental factors 
in lakes. Asf: Asterionella formosa, Diatv: Diatoma vulgare, Flc: 
Fragilaria crotonensis, Fra: Fragilaria acus, Synu: Synedra ulna 
var. ulna, Dolf: Dolichospermum flosaquae, Dolh: 
Dolichospermum circinale, Doll: Dolichospermum 
lemmermannii, Dols: Dolichospermum scheremetievii, Gle: 
Gloeotrichia echinulata, Mica: Microcystis aeruginosa, Micw: 
Microcystis wesenbergii, Osl: Oscillatoria limosa, Neoco: 
Neocystis ovalis, Coenp: Coenococcus planctonicus, Eude: 
Eudorina elegans, Pedd: Pediastrum duplex, Vola: Volvox 
aureus, Vols: Volvox sp., Ceh: Ceratium hirundinella; blue 
Bacillariophyta, red Cyanophyta, green Chlorophyta, yellow 
Dinophyta. 

 
The dominant species were mainly located in the 

second, third and fourth quadrants of bioplot, related to 
NH4, PO4, NO2, pH, NO3 and DO. Figure 5 shows that 
the dominant species clustered with the variables PO4, 
NO2, pH, and NO3. The species such as Dolichospermum 
flosaquae, Microcystis aeruginosa, and Eudorina elegans, 
showed a significantly positive correlation with PO4; 
Asterionella formosa, Volvox aureus, Gloeotrichia 
echinulate and Microcystis wesenbergii with NO2. The 
blue-green such as Dolichospermum scheremetievii and 
Oscillatoria limosa were positively correlated with pH. 
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Abstract. Ahmadi M, Kashiri H, Shabani A, Moghadam AA. 2018. Genetic variability in wild and hatchery populations of commercially 
important fish: The common carp (Cyprinus carpio). Biodiversitas 19: 1468-1474. Common carp, Cyprinus carpio, is considered as one 
of the most important bony fish with high economic value in the Caspian sea. Since the population size of common carp has decreased 
during recent decades, restocking of the populations is done through releasing the hatchery-produced larvae into the Caspian Sea. In the 
present study, the genetic diversity of hatchery and wild populations of C. carpio was investigated using eight microsatellite loci 
(MFW7, MFW9, MFW13, MFW16, MFW17, MFW20, MFW26 and MFW28). A total of 145 different alleles were observed across all 
loci, with some of them being unique to each population. Although the allelic and gene diversity of hatchery populations tended to be 
lower compared to the wild populations, no significant differences (P>0.05) in genetic diversity parameters were observed among the 
wild and hatchery populations. In most cases, significant departure from Hardy-Weinberg equilibrium was observed, mainly because of 
the heterozygosity deficiency. Results from FST, RST and UPGMA analysis showed that the hatchery-reared population was the most 
differentiated and distant group. The results from this study are anticipated to provide important information for setting up more 
efficient strategies in conservation and restocking of C. carpio.  

Keywords: Allelic diversity, Cyprinus carpio, hatchery, population, microsatellite  

Abbreviations: AE: Effective number of alleles, AO: Number of alleles, AU: Unique alleles, GRR: Gorganroud River, HE: Expected 
heterozygosity, HO: Observed heterozygosity, HWE: Hardy-Weinberg equilibrium, QR: Qaresou River, S: Allele size  

INTRODUCTION  

Common carp (Cyprinus carpio) belongs to the family 
Cyprinidae which is regarded as the largest family of 
freshwater teleosts (Nelson 1994). The common carp is 
native to Asia and Eastern Europe. This species has 
introduced throughout the world but the wild stocks are 
only present naturally in rivers draining to the Black, Aral 
and Caspian Sea (Kottelat and Freyhof 2007). It is believed 
that anthropogenic activities including damming on the 
rivers, overfishing as well as degradation of natural 
spawning grounds have caused considerable decline in 
natural populations of wild common carp through the world 
so that this fish is regarded as a vulnerable or endangered 
species in many places including the Caspian Sea basins 
(Kottelat and Freyhof 2007; Vazirzadeh and Yelghi 2015). 
To promote C. carpio population recovery, Iranian 
Fisheries Organization has proceeded to restock through 
releasing the hatchery-produced larvae in to the Caspian 
Sea basins since the late 1994. In this regard, at the Sijeval 
Bony Fishes Breeding Center in Golestan province, the 
hatchery-produced individuals from the breeders originated 
from Gorganroud River have been released annually in to 
the rivers of Gorganroud and Qaresou during the months of 
June and July. Although restocking by using hatchery-

produced organisms is known as a common strategy for 
conservation of threatened wild populations, there is still 
uncertainty that whether this procedure is really efficient to 
improve the population size or not. However, despite the 
potential benefits, restocking through the supportive 
breeding may lead to possible problems including increase 
in genetic divergence between sites due to genetic drift and 
decrease in genetic variability (Roodt-Wilding 2007). Such 
adverse genetic effects on natural population restoration 
have been previously reported by Araki et al. 2007; Cheng 
et al. 2011 and Li et al. 2016. Nevertheless, there have also 
been reports on maintaining genetic variability in hatchery 
populations of other fish species (Pan and Yang 2010; An 
et al. 2013).  

Since the genetic quality of hatchery-produced larvae 
may have a great impact on the efficiency of restocking 
programs (Li et al. 2016), conservation management 
strategies without the knowledge of genetic structure can 
have deleterious impacts on the gene pools of natural 
populations (Laikre et al. 2005). Food and Agricultural 
Organization of the nations also recommends genetic 
assessment of the populations used for restocking programs 
as well as the target ones to monitor any changes for 
sustainable management of populations. Therefore 
assessing the genetic diversity of hatchery-produced 



AHMADI et al. – Genetic variability in Cyprinus carpio populations 

 

1469

compared to natural populations of common carp is 
urgently needed to produce high-quality individuals for 
successful management and sustainable use. More than 23 
years have passed from the beginning of the massive 
release of common carp larvae into the Caspian Sea and 
natural spawning has decreased during this period. 
Unfortunately, despite that restocking programs have been 
widely implemented for common carp populations in 
southeast parts of the Caspian Sea, reports on the current 
genetic variation in hatchery populations are not available 
and the previous studies are limited to the wild populations 
in some regions of the Caspian Sea (Yousefian and Laloei 
2011; Fallahbagheri et al. 2013; Laloei et al. 2013; 
Ghelichpour et al. 2013).  

In the present study, we used eight microsatellite 
markers to evaluate the genetic diversity of wild and 
hatchery populations of C. carpio. The results from our 
study could help to provide important information for 
setting up more effective breeding strategies and 
appropriate management in conservation and restocking of 
C. carpio. 

MATERIALS AND METHODS  

Sample collection and DNA extraction 
A total of 64 wild specimens of C. carpio were caught 

from southeast parts of the Caspian Sea, Iran, i.e., Qaresou 

River (QR) and Gorganroud River (GRR) (32 individuals 
for each group) (Figure 1) during April and May 2017. 
Similarly a further 64 hatchery-produced fish were 
obtained from two different groups in Sijeval Bony Fishes 
Breeding Center, Golestan province, Iran (32 individuals 
for each group). At this facility, two groups of wild and 
hatchery-reared breeders are used for restocking program: 
hatchery-reared population was established from the 
animals of Gorganroud River in the 2013s. The larvae 
produced from hatchery-reared breeders have been released 
annually into the Caspian Sea from 2015. The wild 
breeders are also caught annually from Gorganroud River 
during migration season and the larvae produced from 
these breeders have been released into the nature. 
Approximately 1×1 cm2 of caudal fin was excised from 
each specimen and preserved in 96% ethanol at 40C for 
subsequent DNA extraction.  

Total DNA was extracted from fin tissues using DNA 
extraction kit (GeneAll, Korea) according to the 
manufacturer’s protocol. The quantity and quality of the 
extracted DNA were determined using a Biophotometer 
Spectrophotometer (Eppendorf, Germany) and 1% agarose 
gel electrophoresis, respectively. The genomic DNA was 
stored at -20C until PCR reactions.  

 
 
 
 

 

 
 
Figure 1. Cyprinus carpio sampling locations in Qaresou River (QR) and Gorganroud River (GRR), southeast parts of the Caspian Sea, 
Iran  
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Table 1. Characteristics of microsatellite loci used for screening of Cyprinus carpio genetic diversity. 
 

Locus Sequence 
No. of 
alleles 

Allele size 
Anneal 

(C) 
MFW7 F: TACTTTGCTCAGGACGGATGC;  R: ATCACCTGCACATGGCCACTC 20 168-244 62 
MFW9 F: GATCTGCAAGCATATCTGTCG;  R: ATCTGAACCTGCAGCTCCTC 14 144-196 58 
MFW13 F: ATGATGAGAACATTGTTTACAG;  R: TGAGAGAACAATGTGGATGAC 16 176-236 56 
MFW16 F: GTCCATTGTGTCAAGATAGAG;  R: TCTTCATTTCAGGCTGCAAAG 16 124-184 57 
MFW17 F: CTCAACTACAGAGAAATTTCATC;  R: GAAATGGTACATGACCTCAAG 23 216-304 57 
MFW20 F: CAGTGAGACGATTACCTTGG;  R: GTGAGCAGCCCACATTGAAC 20 208-284 60 
MFW26 F: CCCTGAGATAGAAACCACTG;  R: CACCATGCTTGGATGCAAAAG 19 120-192 60 
MFW28 F: GATCCCTTTTGAATTTTTCTAG;  R: ACAGTGAGGTCCAGAAGTCG 17 184-248 58 
 
 

 
Polymerase chain reaction (PCR)  

Eight nuclear microsatellite loci were used to measure 
genetic diversity among the common carp populations; 
MFW7, MFW9, MFW13, MFW16, MFW17, MFW20, 
MFW26 and MFW28 (Crooijmans et al. 1997). The 
characteristics of the applied loci are presented in Table 1. 
The PCR reaction was performed in 12.5 μL reaction 
mixture containing 2 μL DNA, 6.25 μL Red Load Taq 
Master (Jena Bioscience, Germany), 1 μL of each primer 
and 2.25 μL PCR grade water. PCR program was consisted 
of a pre-denaturation for 3 min at 95C, followed by 35 
cycles of denaturation for 30 sec at 95C, annealing (Table 
1) for 30 sec and extension for 30 sec at 72C as well as a 
final extension for 3 min at 720C. The PCR products were 
separated on 10% polyacrylamide gel. A 100 bp ladder 
(Fermentas, USA) was applied as the indices for 
determining allelic size. The obtained gels were stained 
using silver nitrate method (Benbouza et al. 2006). After 
recording the gel images using a gel documentation system 
(Gel Doc XR, Bio-Rad, USA), the allele size was 
determined using Gel Pro Analyzer 3.9 software.  
Data analysis 

The possibility of the presence of null alleles, scoring 
errors and dropout of large alleles were checked using 
Microchecker program (Oosterhout et al. 2004). Cervus 
program 3.03 (Kalinowski et al. 2007) was used to 
determine the number of unique alleles (AU). The genetic 
diversity parameters of each sample including the number 
of alleles (AO), the effective number of alleles (AE), allele 
size (S), the observed heterozygosity (HO) and the expected 
heterozygosity (HE) were calculated by Genealex 6.3 
(Peakall and Smouse 2006). Differences in genetic 
diversity parameters were assessed using Wilcoxon-Mann-
Witney test implemented in the SPSS software. Linkdis 
method implemented in Genetix was applied to investigate 
linkage disequilibrium (Belkhir et al. 1999). The 
probability of bottleneck in the populations was 
investigated using Bottleneck 1.2.02 (Cornuet and Luikart 
1996) under TPM. This procedure is applied to analyze the 
deviation from mutation-drift equilibrium on the basis of 
excess or deficiency in heterozygosity. Deviation from 
Hardy-Weinberg equilibrium (HWE) was tested by 
Genepop 3.4 software (Raymond and Rousset 1995).  

HWE tests were also carried out for each locus in each 
population to test if deviations from HWE were in the 

direction of deficit or excess of heterozygosity. The 
sequential Bonferoni correction was applied to adjust the 
significance levels for multiple tests (Rice 1989). The 
inbreeding indices (FIS) and its significance were 
determined using FSTAT 2.9.3 program (Goudet 2001). 
Rstcalc (Goodman 1997) and FSTAT (Goudet 2001) were 
used to determine RST (Slatkin 1995) and FST (Weir and 
Cockerham 1984), respectively. Analysis of molecular 
variance (Amova) was run to determine the partitioning of 
genetic diversity within and among populations in Arlequin 
3.1 (Excoffier et al. 2005). The significance estimates were 
obtained using 1000 permutations. The gene flow (NM) 
among populations, unbiased genetic identity (GI) and 
genetic distance (GD) based on Nei (1978) were 
determined by Genealex 6.3 (Peakall and Smouse 2006). 
UPGMA dendrogram was constructed based on Nei’s 
genetic distance using Population program 1.2.30 (Oliver 
Langella, CNRS UPR9034). The bootstraps levels were 
calculated by 10000 replicate across loci. The Treeview 
program 1.6.6 (Page 1996) was applied to visualize the 
constructed dendrogram. 

RESULTS AND DISCUSSION 

Population genetic diversity  
Microchecker didn’t show any evidence for large allele 

dropout and stutter-band scoring at the applied loci, but 
null alleles were observed at the loci MFW7 and MFW28. 
The estimated frequencies of null alleles in these loci were 
0.208 and 0.173, respectively. All the applied loci showed 
polymorphism in all samples of common carp, and the 
polymorphism level varied depending on the locus. A total 
of 145 different alleles were observed across all loci, with 
some of them being unique to each population. Allelic 
diversity was 18.1, with the number of alleles per locus 
ranging from 14 (MFW9) to 23 (MFW17) (Table 1). The 
measures of genetic diversity parameters are presented in 
Table 2. The observed and expected heterozygosity values 
ranged from 0.573 to 1 (mean HO: 0.836) and 0.0.865 to 
0.956 (mean HE: 0.92), respectively. No significant 
differences in actual and effective number of alleles as well 
as expected and observed heterosygosity were observed 
between the wild samples (Wilcoxon: P>0.05). In 
comparing the wild and hatchery populations, the mean 
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number of actual alleles was slightly higher in the wild 
samples which was not statistically significant (AO: 14 for 
the wild samples versus 13.2 for the hatchery samples) 
(Wilcoxon: P>0.05). The average HO and HE of the wild 
samples also tended to be higher in comparison to the 
hatchery samples (HO: 0.850 and HE: 0.928 for the wild 
samples versus HO: 0.821 and HE: 0.912 for the hatchery 
samples) (Wilcoxon: P>0.05). 49 alleles were found to be 
unique to four groups: 15, 16, 10 and 8 in GRR, QR, 
Hatchery1 and Hatchery2, respectively (Table 2). To 
analyze the deviation from mutation-drift equilibrium in 
the studied populations, the bottleneck test was done under 
TPM. According to the results, no significant 
heterozygosity excess (P>0.05) was observed via the 
applied test, suggesting any of the populations have not 
experienced a recent bottleneck.  

Significant departure from HWE was detected at most 
of the loci (Table 2). After adjusting the P values across 8 
loci using the sequential Bonferroni method for multiple 
observations, 21 of the 32 tests (8 loci×4 populations) 
showed significant departure from HWE. A significant 
deficit of heterozygosity was noticed at some of the loci in 

the studied populations (P<0.05) (Table 2). The largest 
deficit was for Hatchery2 with the FIS value of 0.389 at the 
locus MFW7. The average FIS across all loci were 0.095 
and 0.109 for the wild and hatchery samples, respectively. 
The heterozygosity excess detected at some loci was not 
significant in either population at any of the loci. No 
significant linkage disequilibrium was also noticed at any 
of eight loci after Bonferroni correction (P>0.05).  
 
Genetic relationship among populations  

The global FST over all samples was 0.017 (P<0.01). 
FST was in accordance with RST so that the lowest FST and 
RST were detected between GRR and Hatchery1 
populations (Table 3). The Hatchery2 was the most 
divergent and differentiated group from all other 
populations (P<0.01). The Amova of all eight 
microsatellites revealed that most of the variations were 
found within individuals (96%; P=0.010). The levels of 
genetic variation between individuals within populations 
and between populations were also 1.84 (P=0.024) and 
2.16 (P=0.000), respectively.  

 
 
 
Table 2. Genetic diversity parameters for eight microsatellite loci in Cyprinus carpio 

 

 MFW7 MFW9 MFW13 MFW16 MFW17 MFW20 MFW26 MFW28 Mean 

          
GRR AO 11 9 12 15 19 17 15 14 14 

AE 18.87 15.17 9.48 8.79 13.91 16.96 15.61 14.74 14.19 
HO 0.628 1.00 1.00 0.712 0.866 0.801 1.00 0.753 0.845 
HE 0.947 0.934 0.895 0.886 0.928 0.941 0.936 0.932 0.925 
AU 0 1 2 2 5 2 1 2 1.9 
FIS 0.341 -0.062 -0.105 0.216 0.081 0.165 -0.059 0.211 0.098 
HWE *** ns ns * * ** ns **  
          

QR AO 12 9 12 14 19 17 16 14 14.1 
AE 22.68 16.14 11.90 9.38 19.25 14.71 16.92 13.71 15.59 
HO 0.654 1.00 1.00 0.683 0.871 0.856 0.968 0.816 0.856 
HE 0.956 0.938 0.916 0.893 0.948 0.932 0.941 0.927 0.931 
AU 1 1 2 1 5 2 2 2 2 
FIS 0.326 -0.051 -0.08 0.241 0.096 0.097 -0.027 0.136 0.092 
HWE *** ns ns ** * ** ** *  
          

Hatchery1 AO 11 9 11 13 17 17 15 14 13.4 
AE 15.18 12.53 10.77 9.35 7.97 15.36 11.36 20.34 12.86 
HO 0.584 1.00 1.00 0.683 0.837 0.834 1.00 0.695 0.829 
HE 0.934 0.92 0.907 0.893 0.874 0.935 0.912 0.951 0.916 
AU 0 1 1 0 3 2 1 2 1.2 
FIS 0.381 -0.062 -0.091 0.243 0.064 0.109 -0.078 0.273 0.105 
HWE *** ns ns * * *** ns **  

           
Hatchery2 AO 11 9 10 13 17 16 15 14 13.1 

AE 13.89 13.53 9.44 10.11 7.44 14.50 8.86 14.70 11.56 
HO 0.573 1.00 1.00 0.632 0.812 0.852 1.00 0.647 0.814 
HE 0.928 0.926 0.894 0.901 0.865 0.931 0.887 0.932 0.908 
AU 0 1 0 0 3 1 1 2 1 
FIS 0.389 -0.063 -0.112 0.306 0.090 0.102 -0.114 0.308 0.113 
HWE *** ns ns *** * ** ns ***  

           
Note: GRR: Gorganroud River; QR: Qaresou River; Significant amounts of FIS are shown in bold; HWE = Hardy-Weinberg probability 
test after correction with sequential test of Bonferroni (Rice, 1989); ns = not significant,; * P≤0.05; ** P≤0.001; *** P≤0.0001. 
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Table 3. Genetic relationships among Cyprinus carpio populations 
 

Comparison FST RST NM Nei’s GD Nei’s GI 

      
GRR vs. QR 0.012 0.025 20.59 0.203 0.814 
GRR vs. Hatchery1 0.011 0.023 22.51 0.184 0.835 
GRR vs. Hatchery2 0.023 0.043 10.63 0.296 0.717 
QR vs. Hatchery1 0.013 0.027 18.97 0.221 0.793 
QR vs. Hatchery2 0.025 0.044 9.78 0.327 0.685 
Hatchery1 vs. Hatchery2 0.018 0.035 13.66 0.288 0.731 
      
 
 
 
   

 
Figure 2. UPGMA dendrogram based on the Nei’s (1978) genetic 
distance from 8 loci for the wild and hatchery populations of 
common carp 
 
 

Cyprinus carpio populations presented high levels of 
gene flow (Table 3). The highest value of NM (30.98) was 
observed between GRR and Hatchery1 samples. Nei (1978) 
unbiased genetic identity and distance among all samples 
are presented in Table 3. The highest GD and lowest GI 
were between Hatchery2 and QR while the lowest GD and 
highest GI were noticed among GRR and Hatchery1. 
According to the population relationships depicted in 
UPGMA cluster constructed from Nei’s genetic distances, 
Hatchery2 was the most distant population while the 
nearest groups were GRR and Hatchery1 (Figure 2).  

Discussion 
No significant differences in genetic diversity 

parameters were observed among the wild samples of 
common carp. The genetic diversity observed in our study 
was higher than that previously reported by Laloei et al. 
(2013) for wild populations of common carp in south of the 
Caspian Sea (Guilan, Mazandaran and Golectan coasts) 
(HO: 0.85 vs. 0.49 and HE: 0.928 vs. 0.67) which could be 
related to the difference in applied loci, various sample size 
and sampling sites. In another studies by Yousefian and 
Laloei (2011) and Fallahbagheri et al. (2013) by RFLP, low 
genetic variation was reported for wild populations of 
common carp in southern Caspian Sea. In addition to the 
mentioned possible explanation, the fact that 
microsatellites are more efficient in detecting genetic 
diversity compared to RFLP (Shaw et al. 1999), may 
explain the lower concordance between our results and 
RFLP data. However, our results are in accordance with the 
study by Ghelichpour et al. (2013) who reported a 

considerable level of genetic diversity in the wild 
populations of common carp in southeast of the Caspian 
Sea. The observed genetic diversity in this study was 
higher than that reported by DeWoody and Avise (2000) 
for 13 other freshwater (AO: 9.1, HO: 0.46, HE: 0.54) and 7 
anadromous species (HO and HE: 0.68). We, therefore, 
suggest that the wild populations of R. caspicus in the 
investigated regions showed a proper level of genetic 
diversity.  

In comparing the hatchery samples with the wild 
samples of C. carpio, despite non significant differences 
(Wilcoxon: P>0.05), the genetic diversity of hatchery 
samples was somewhat lower than that in the wild samples. 
A reduction in the number of unique alleles was also 
observed in the hatchery samples. Genetic diversity 
reduction in fish hatchery populations has been previously 
demonstrated (Li et al. 2016; Wenne et al. 2016). Selection, 
breeding with limited number of parents and consequently 
inbreeding depression appeared to be the main explanations 
for the decrease in genetic diversity of hatchery populations 
(Li et al. 2016). Tessier et al. (1997) also reported high 
genetic drift and 50% reduction of effective population size 
in hatchery populations of Atlantic salmon due to the very 
small number of parents used for establishing hatchery 
population. In our study, when two hatchery populations 
were compared with each other, the Hatchery2 population 
exhibited a very slightly lower level of genetic diversity 
which was not significant (Wilcoxon: P>0.05). However, 
the level of genetic variation in Hatchery2 was at an 
appropriate level. Also, according to the results from 
bottleneck test, the Hatchery2 population has not 
experienced a recent bottleneck. This was not surprising 
because less than 5 years have passed from the 
establishment of Hatchery2 population and the stocks have 
renewed annually from the wild during two recent years. 
However, the Hatchery2 showed the lowest level of genetic 
diversity compared to the other populations. Although the 
differences were not statistically significant, even the 
slightly lower level of genetic variation noticed in the 
hatchery-produced population should not be ignored 
because the risk of enhanced inbreeding, subsequent 
homozygosity and loss of alleles might be arisen over time 
(Wang et al. 2002). High rate of hatchery larvae release 
with decreased genetic diversity might produce negative 
effects on adopted gene pools and subsequently reducing 
the growth and survival fitness of wild populations (Thanh 
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et al. 2015). Therefore, to produce healthy young larvae of 
common carp for the effective hatchery release, it will be 
critical to maintain and promote the observed genetic 
variation in hatchery fish using well-organized broodstock 
management strategies.  

Significant departures from HWE were observed in the 
both hatchery and wild populations after sequential 
Bonferoni correction. Additionally, significant 
heterozygosity deficit were detected at some of the loci. 
The biological reasons for such deficiency are not well 
detected (Raymond et al. 1997) and several factors are 
considered to explain it. In our study, the appearance of 
null alleles is suggested as an important reason for the 
observed deficiency at the loci MFW7 and MFW28. This 
has also been the reason for heterozygosity deficit 
suggested by Berdugo and Barandica (2014) and Biba et al. 
(2016). We also observed a high level of gene flow 
between the studied populations which can be a potential 
explanation for heterozygosity deficiency and deviation 
from HWE (Bhassu et al. 2004). In recent years, despite the 
massive release of hatchery-produced larvae in restocking 
programs, C. carpio populations have decreased mainly 
due to heavy fishing activity and increasing entrance of 
pollution. This would cause a corresponding decrease in 
population size which together with overfishing might 
increase the possibility of inbreeding in some populations 
(An et al. 2013). Therefore, inbreeding may be a potential 
explanation for heterozygosity deficiency observed in our 
study. In hatchery populations, founder effect is considered 
as a common reason for heterozygosity deficit (Lundrigan 
et al. 2005). However, only one factor cannot explain the 
deficit in heterozygocity as the interaction of various 
factors may contribute to it.  

Genetic differentiation among the C. carpio populations 
was measured by FST and RST indices. RST is considered as 
more effective measure than FST due to using allelic size 
information in estimating population differentiation 
(Wachirachaikarn et al. 2009). For microsatellites, RST can 
be higher than FST under assumption of SMM as mutation 
model (Slatkin 1995). However, when differentiation is not 
dependent on mutation model under short time population 
separation and high rate of migration among populations, 
the FST values could be close to the RST ones (Slatkin 
1995). In our study, there was no significant difference in 
FST and RST levels. However, although the RST values 
among the populations were slightly higher than those of 
FST, the RST levels were in accordance with those of FST. 
We found a low level of differentiation between the studied 
wild populations, GRR and QR. In addition to the life 
history, this low level of differentiation may be related to 
the stock enhancement strategies. The common carp larvae 
produced from the wild breeders in the hatchery are 
released yearly in to the rivers of Goraganroud and 
Qaresou while their breeders are caught only from the 
Gorganroud River. In this regard, high level of gene flow 
was observed between these two populations. So, beside 
the natural migration, releasing the hatchery produced-
larvae into the nature without any attention to their parental 
catch location may be an important explanation for the 
observed high gene flow and subsequent low 

differentiation. In comparing the wild and hatchery 
populations, the lowest differentiation was observed among 
the Hatchery1 and GRR populations. This was not 
unexpected because the breeders were originated from the 
Gorganroud River. However, the highest levels of 
differentiation were noticed among the Hatchery2 and wild 
populations. The genetic distance and identity values were 
also in accordance with the differentiation measures so that 
the highest genetic distance and the lowest identity were 
among the Hatchery2 and QR while the lowest genetic 
distance and the highest identity were observed between 
the GRR and Hatchery1 samples. Similarly, closer genetic 
relationship among the GRR and Hatchery1 was revealed 
by UPGMA dendrogram in which these two samples were 
the nearest groups while the Hatchery2 was the most 
distant population which may be related to the hatchery 
operations such as artificial selection of contributing 
breeders.  

In conclusion, more than 23 years have passed from the 
beginning of restocking programs for common carp 
populations. Unfortunately, there is not any information on 
genetic structure of C. carpio wild populations before 
starting the restocking programs to determine the effect of 
restocking on genetic diversity of the wild populations. 
However, according to the comparing our results with 
those reported for freshwater and anadromous species 
(Dewoody and Avise 2000), it can be said that despite 
some problems such as pollution, overfishing and 
restocking programs, the genetic diversity of C. carpio in 
the studied regions is at a proper level. According to our 
results, no significant differences have observed in genetic 
variation parameters among the wild and hatchery 
populations. But since long time has not passed from the 
establishment of hatchery2 population, even the slightly 
lower genetic diversity observed in this population should 
not be ignored. Therefore, we suggest an effort be 
undertaken to establish adequate broodstock strategies to 
promote and preserve the observed diversity.  
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Abstract. Ramadiana S, Hapsoro D, Yusnita Y. 2018. Morphological variation among fifteen superior robusta coffee clones in 
Lampung Province, Indonesia. Biodiversitas 19: 1475-1481. This study aimed to characterize morphological variation among fifteen 
superior robusta coffee clones in Lampung Province. The fifteen clones consisted of four clones released by the Indonesian Coffee and 
Cocoa Research Institute (ICCRI), i.e. ‘BP 409’,‘BP936’, ‘BP939’, ‘SA 237’, together with eleven superior coffee clones selected by 
farmers from Tanggamus District (‘Tugino’, ‘Wanto’, ‘Biyadi’, ‘Komari’, ‘Wardi’, ‘Wariso’) and from West Lampung District (‘Tugu 
Kuning’, ‘Tugu Hijau', ‘Tugu Biru', ‘Tugu Sari', ‘Lengkong'). Fifteen qualitative and seven quantitative morphological characters were 
evaluated in a randomized complete block design with three replicates for each clone,each replication consisted of two plants. From 
each plant, four samples were taken from four sides of the plant (north, south, west, and east). It was found that while some 
morphological characters exhibited negligible variation among clones, there were significant differences between clones for other 
characters. The characters that did not differ significantly between clones were: shapes of leaf base and leaf tip; petiole color; leaf 
venation pattern; fruit disk shape; ripe-fruit color; and stipule shape. The characters that varied between clones were shape of leaf lamina 
(elliptical vs. lanceolate); fruit shape (round vs. oval); and shape of leaf margins. Morphological variation was also observed in some 
quantitative characters: canopy diameter; tree height; stem diameter; leaf length; leaf width; petiole length; stipule length; and number of 
primary branches.  

Keywords: Characters, morphology, robusta coffee, superior clones, variability  

INTRODUCTION 

Robusta coffee is the most widely cultivated coffee 
species in Indonesia. Province Lampung, on the southern 
tip of the island of Sumatera, is the largest producer of 
robusta coffee, with a planting area of 161,693 ha, a total 
production of 110,318 tons and productivity of 1,004 kg/ha 
(Directorate General of Estate Crops 2015). The main 
centers of robusta coffee plantations in Lampung include 
the districts of West Lampung and Tanggamus. According 
to Verbist (cited in Community Geographical Indication 
2013), Huitema (1935) reported that in 1880 coffee 
commodities were known in Sukajaya village, Sumber Jaya 
sub-district of West Lampung.  

Robusta coffee crops were developed from introduced 
plants that have the highest variability in the genus Coffea 
(Cubry et al. 2008; Motta et al. 2014). Robusta coffee is a 
cross-pollinated species, so the resulting populations tend 
to be heterozygous for many gene loci. Robusta diversity is 
thus very large both in terms of morphology, ecological 
range, and adaptation (Anthony et al. 2007; Missio et al. 
2011). The morphological differences are the easiest to see, 
especially in mature plants.  

Development and distribution of coffee plants in 
farming communities in Lampung are still based on plant 
materials derived from seeds that are believed to have high 
production potential. The farmers select superior coffee 
plants in their gardens and disperse these to other farmers' 

garden. This pattern of dispersing perceived superior coffee 
planting material leads to the emergence of new genotypes 
with diverse phenotypic characters. Currently, the naming 
of recognized local clones is done by farmers. Therefore, 
an important task for researchers who aim to raise productivity 
of coffee plantations in Lampung Province is to carefully 
characterize the phenotypic diversity of local superior 
clones and to compare these clones with those of well-
adapted clones in the national coffee improvement program.  

Phenotypic characterization of robusta coffee clones is 
an important step towards identification of genetic diversity 
and its cropping potential for particular environments. 
Today, methods for discovering genetic diversity include 
characterization of morphological, biochemical, and 
molecular markers (Maluf et al. 2005; Achar et al. 2015; 
Evizal et al. 2015). Of these three types of markers, 
morphological characters have long been used by plant 
breeders as possible indicators of genetic diversity and 
have the advantage that they are simple to assess. 
Morphological characterization is thus the usual first step 
in the description and classification of germplasm. 
However, morphological characterization is relatively 
ineffective for genetic diversity analysis because the 
morphological appearance of plants is strongly influenced 
by environmental factors (Sumirat 2016). Nevertheless, this 
method is still widely used to estimate species diversity. In 
addition, morphological characterization and data 
collection for coffee plants from a particular region are 
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helpful in studying evolutionary relationships in line with 
the recorded history of plants in a region.  

The study reported in this paper aimed to determine the 
diversity of morphological characters among fifteen types 
of superior robusta coffee clones available for use by 
farmers in Lampung Province, Indonesia.  

MATERIALS AND METHODS 

This study was conducted from March 2017 to October 
2017 in Tanggamus and West Lampung Districts, of 
Lampung Province, in southern Sumatera. In Tanggamus 
District, the data were collected from a coffee plantation in 
Ngarip village, Ulu Belu sub-district at an altitude of  900-
1330 meters above sea level, geographically located 
between longitudes 104° 18`and 105°12` East, and between 
latitudes 5°05` and 5°56` South. In West Lampung District, 
the sampled coffee plantations were located in Sumber Jaya 
and Gedung Surian sub-districts. The geographical location 
of West Lampung District lies between longitudes 
103°35`8" and 104° 33`51" East and between latitudes 4° 
47`16 "and 5° 56`42" South, at an altitude of 986 meters 
above sea level (Figure 1). Exploration was carried out by 
collecting field data on the types of robusta coffee widely 
grown by farmers in the study areas. Qualitative and 
quantitative morphological characters were recorded. 
Qualitative morphological characters observed for each 

clone were: leaf base shape; petiole color; stipule color; 
leaf shape; leaf venation pattern; leaf surface; leaf margin; 
young leaf color; old leaf color; young fruit color; and ripe 
fruit color.   

Quantitative morphological characters observed for 
each clone were: canopy diameter; stem diameter; leaf 
length; leaf width; petiole length; stipule length; number of 
primary branches; fruit length; fruit thickness; fruit weight; 
HS (Hard Skin) bean length; HS bean thickness; HS bean 
weight; Ose bean length; Ose bean thickness; and Ose bean 
weight. Measurements of qualitative and quantitative variables 
were performed with three replications. Each replication 
consisted of two plants. From each plant, four samples 
were taken from four sides of the plant (north, south, west, 
and east). Subsequently, quantitative data were analyzed 
using a complete randomized block design with three 
replications. Further tests were performed using a 5%-LSD 
test. 

RESULTS AND DISCUSSION  

Identification and characterization of local superior 
robusta coffee clones from Lampung, and of national 
superior robusta clones 

Observations were made on the coffee plants in 
Edufarm Nestle, a farmer’s coffee garden in Ulu Belu sub-
district, Tanggamus District and on a coffee farmer's

 
 

 
 
Figure 1. Map of robusta coffee planting area Lampung Province, Indonesia 
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garden in Sumber Jaya sub-district, West Lampung 
District. Morphological characteristic were assessed on 
fifteen robusta coffee genotypes, consisting of 4 national 
superior clones (SA 237, BP 409, BP 936 and BP 939) and 
11 superior local Lampung clones (namely Tugino, Wanto, 
Biyadi, Komari, Wardi, Wariso, Tugu Kuning, Tugu Hijau, 
Tugu Sari, Tugu Biru and Lengkong). For some 
morphological characters, no differences were found 
between the fifteen genotypes; these non-varying 
characters were the shape of the base of the leaf; the shape 
of the tip of the leaf; the pattern of leaf venation; petiole 
color; form of fruit disk; the color of ripe fruit; and stipule 
form. For the other qualitative characters (namely leaf 
shape; leaf surface; leaf margin; young leaf color; old leaf 

color; fruit shape; young fruit color), differences between 
genotypes were observed (Table 1 and Figure 2). 

Table 2 shows the results of analysis of leaf quantitative 
characteristics of coffee clones from West Lampung 
District (Tugu Sari, Tugu Hijau, Tugu Kuning, and 
Lengkong), Tanggamus District (Tugino, Wanto, and 
Biyadi), and national clones (SA237, BP 409, BP 939 and 
BP936). Coffee clones of BP (Besoekisch Proefstation), i.e. 
BP 936 and BP 939, were among the superior robusta 
clones recommended for distribution to farmers by the 
Ministry of Agriculture. SA 273 is another superior clone, 
recommended for wet climate areas; while BP 409 is a 
clone recommended as suitable for dry climate areas 
(Wahyudi et al. 2016).  

 
 
 
Table 1. Diversity of qualitative morphological characters among various robusta coffee clones in Lampung Province, Indonesia 
 

Clones 
The qualitative morphological characters of robusta coffee clones 

Leaf  
shape 

Leaf  
surface 

Leaf  
margin 

Young leaf  
color 

Old leaf 
 color 

Plant  
habit 

Fruit  
shape 

Fruit  
color 

SA 237 Elips Wavy Wavy Green  Green Shrub Obovate Green 
BP 409 Elips Wavy Wavy Green Dark green Shrub Roundish Green  
BP 936 Elips Wavy Wavy Green tanned Green Shrub Roundish Green  
BP 939 Elips Wavy Wavy Green tanned Green Shrub Obovate Stripe green 
Tugino Lanset Wavy Wavy Green tanned Dark green Shrub Roundish Stripe green 
Wanto Elips Wavy Wavy Green tanned Dark green Shrub Roundish Stripe green 
Biyadi Elips Wavy Wavy Green Shiny dark green Shrub Roundish Green  
Komari Elips Wavy Wavy Light green Dark green Shrub Roundish Green 
Wardi Elips Wavy rigid  Wavy Green Green Shrub Roundish Green 
Wariso Elips Wavy Wavy Green Green Shrub Obovate Yellowish stripe green  
Tugu Hijau Elips Not Wavy Not wavy Green tanned Green Shrub Roundish Stripe green 
Tugu Kuning Elips Not Wavy Wavy Yellowish green Green Shrub Roundish Yellowish stripe green 
Tugu Sari Elips Wavy Wavy Green Green Shrub Roundish Stripe green 
Tugu Biru Elips Wavy Wavy Green tanned Green Shrub Obovate Green 
Lengkong Elips Wavy Wavy Green tanned Green Shrub Roundish Green 
 
 
 
Table 2. Diversity of morphological quantitative characters among various robusta coffee clones in Lampung Province, Indonesia 
 

Clones TD(cm) CD (cm) NPB  LL (cm) LPL (cm) SL (cm) LW (cm) 

SA 237 18.00 d 258.33 cd 18.33 g 23.33 abc 0.99 e 0.84 a  9.23 de 
BP 409 16.00 de 285.00 ab 25.00 def 23.20 bc 1.16 cd 0.60 b 11.48 ab 
BP 936 17.00 de 286.67 a 16.00 g 24.11 ab 1.22 bc 0.58 c 10.80 bc 
BP 939 14.67 ef 245.00 de 18.67 g 20.61de 1.08 de 0.58 c  9.19 de 
Tugino 27.00 c 208.33 fg 24.67 def 20.89 de 0.97 e 0.73 de  9.22 de 
Wanto 27.33 c 213.33 fg 23.00 ef 20.89 de 1.17 cd 0.73 de  8.91 e 
Biyadi 30.67 b 229.67 ef 25.00 def 19.52 ef 1.17 cd 0.73 de 10.00 cd 
Komari 12.33 f 192.50 g 25.67 de 16.86 g 0.69 f 0.69 e  6.44 f 
Wardi 17.33 d 217.50 f 22.00 f 21.20 de 1.17 cd 0.73 de  8.63 e 
Wariso 12.33 f 228.00 ef 35.00 a 18.17 fg 1.27 bc 0.63 ef  8.43 e 
Tugu Hijau 27.00 c 270.00 abc 27.6 cd 23.90 ab 1.46 a 0.68 ef 11.88 a 
Tugu Kuning 25.80 c 263.67 bcd 31.20 b 22.31 bcd 1.44 a 0.85 d  9.10 de 
Tugu Biru 30.40 b 162.00 h 17.00 g 21.70 cd 1.30 b 0.64 ef 10.72 bc 
Tugu Sari 30.63 b 241.00 de 29.43 bc 25.20 a 1.45 a 0.54 f 10.50 c 
Lengkong  39.00 a 218.00 f   8.00 h 21.18 de 1.05 de 0.86 d 12.35 a 
CV (%)   6.74     5.78   7.77   5.29 6.01 3.83   5.54 
LSD 5%   2.60   22.69   3.00   1.91 0.12 0.14   0.91 
Notes: TD= trunk (main stem) diameter; CD= canopy diameter; NPB= number of primary branches; LL= leaf length; LPL= leaf petiole 
length; SL= stipule length ; LW= leaf width. Values within the same column followed by the same letter do not differ significantly at the 
5% level of significance 
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Figure 2. Leaf diversity among robusta coffee clones in Lampung Province, Indonesia    
 

 
 
Overall, there were significant differences in terms of 

leaf characters between the coffee clones. The length of 
leaf ranged from 25.20 cm to 16.86 cm among the clones. 
Tugu Sari had the highest value (25.20 cm) for leaf length 
but the value was not significantly different from that of 
BP936 (24.11 cm), Tugu Hijau (23.90 cm) and SA 237 
(23.33 cm). In contrast, Komari and Wariso had the 
shortest leaf length with 16.86 cm and 18.17 cm, 
respectively. Based on the data in Table 2, it can be seen 
that the leaf length of coffee clones from West Lampung 
District, namely Tugu Sari, Tugu Hijau and Tugu Kuning, 
were comparable to that of the Jember clones (SA 237, BP 

936 and BP 409). The similar leaf morphological 
characteristic, i.e. leaf length of Tugu Sari with that of 
Jember clones, could be attributable to the origin of Tugu 
Sari itself. According to Evizal et al. (2015), historically, 
Tugu Sari might have originally come from Jember. This 
fact might have contributed to the similarities in terms of 
leaf morphological length between Tugu Sari and the 
Jember clones. Furthermore, after having been cultivated in 
West Lampung, the Tugu Sari clone was then introduced to 
Tanggamus District (Evizal et al. 2015). According to 
Ruspendi, an agricultural officer in Sumber Jaya Sub-
district (Ruspendi, Pers. Comm. 2017), the introduction of 
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new clones might have led to the creation of clones with 
new names and characteristics. Based on this information, 
it might have been expected that Tugu Sari would have 
some similar characteristics with those of clones from 
Tanggamus District such as Tugino, Wanto, and Biyadi. 
However, in this study, it was found that Tugu Sari had a 
longer leaf length than that of clones from Tanggamus 
District. This discrepancy might be explained by the 
possibility that introgression of Tugu Sari characteristics 
into the coffee lines in Tanggamus has not been 
completed.  

Table 2 also shows that coffee clones from Tanggamus 
(namely Tugino, Wanto, and Biyadi) had similar leaf 
length to that of one of the coffee clones from West 
Lampung (i.e., Lengkong). Again, this similarity could be 
attributed to the origin of these clones. Lengkong was 
originally from Tanggamus District and was introduced 
from there to West Lampung (Evizal et al. 2015). This fact 
might have contributed to the similarity in leaf 
characteristic between Lengkong and Tugino, Wanto and 
Biyadi (Table 2). Compared to that of the Jember clones, 
these clones shared similarity in term of leaf length with 
BP 939. In contrast, the coffee clones from Tanggamus (i.e. 
Komari and Wariso) had shorter leaves than that of the 
Jember clones (SA237, BP409, BP939, and BP936), West 
Lampung clones, and even other Tanggamus clones such as 
Tugino, Wanto, and Biyadi.   

In term of leaf width, Lengkong (12.35 cm), Tugu 
Hijau (11.88 cm) and BP 409 (11.48 cm) had the broadest 
leaves amongst the clone analyzed. It also can be seen that 
Lengkong and Tugu Hijau were comparable with the BP 
409 clone in leaf width, but were broader than the leaves of 
the other Jember clones (SA 237, BP 936 and BP 936). The 
leaves of these two West Lampung clones were also 
broader than that of Tanggamus clones and the rest of West 
Lampung clones (Tugu Kuning, Tugu Biru, and Tugu 
Sari).  

Overall, it appeared that coffee clones from West 
Lampung generally had longer and broader leaves than 
those of the coffee clones from Tanggamus District (Table 
2). This difference could perhaps be attributed to the 
difference in altitude between West Lampung and 
Tanggamus. West Lampung District has an altitude of 
approximately 838.7 m, while Tanggamus District's 
altitude is around 787 m (Evizal et al. 2015). These results 
from the current study were in line with results from a 
previous study in which an increase in the altitude of the 
growing environment for robusta coffee from 687m to 
1100m was associated with an increase in the leaf length 
(Pauline 2013). The results from the study by Pauline 
(2013) showed that there was a positive correlation 
between leaf length and width with the number of coffee 
fruits formed on the coffee tree. The big leaves may 
provide an ampler photosynthetic surface that nourishes the 
vegetative parts and fruits of the trees (Pauline 2013). 
Thus, it could be expected that those coffee clones from 
West Lampung and Tanggamus that had comparable leaf 
characteristics (i.e. in length and width of leaf) to those of 
the superior national clones, might have similar enhanced 
coffee fruit production capacity to that of the National 

coffee clones.  
A significant difference among clones in our study was 

also observed in terms of the length of petiole. Clones from 
West Lampung (namely Tugu Hijau, Tugu Sari and Tugu 
Kuning) had longer petioles compared to the petioles of the 
clones from Tanggamus and Jember. On the other hand, 
Komari had the shortest petiole, of only 0.69 cm. 

There was a wide variation in stipule length among the 
clones. SA237 clone had the among the longest stipules 
(8.34 mm), while Tugu Sari (0.54 mm), Tugu Hijau (0.68 
mm), and Tugu Biru (0.64 mm) were among the shortest.  

Our study also showed that there was a significant 
variation in diameter of trunk. Lengkong had the widest 
diameter at 39 cm, while Komari and Wariso had the 
narrowest diameter (12.3 cm). It also appeared that all 
clones from West Lampung had wider diameter of trunk 
compared to the diameters of the national clones Three 
clones from Tanggamus (Tugino, Wanto, and Biyadi) also 
had wider trunk diameter than the national clones. Pauline 
(2013) reported that the diameter of trunk was correlated 
with green bean yield and with the growth habit. Genotypes 
with small trunk diameter were characterized by low green 
bean yield per tree and by dwarf growth habit. Based on 
this information, it might thus have been expected that 
West Lampung clones and some of Tanggamus clones 
could produce coffee trees with high green bean yield and 
vigorous growth habit.   

In our study, the diameters of canopy ranged from 
286.7 cm down to 192.5 cm (Table 2). BP 936 and BP 409 
had the widest canopies with 286.7 cm and 285.0 cm, 
respectively. The canopy diameter of BP 409 measured in 
the current study was in line with the result reported by 
Hulupi (2016) who reported it to be 2.7 m in size. 
However, the canopy diameter of SA 237 in the current 
study was a little bit lower than previously reported (i.e 3 
m) (Hulupi 2016). In general, coffee clones from 
Tanggamus had narrower canopy diameters compared to 
those of the Jember clones. Except for Tugu Biru and 
Lengkong, the canopy diameters of all West Lampung 
clones fell within the range for those of the Jember clones 
(Table 2). In contrast, Tugu Biru had the smallest canopy, 
162.0 cm in width. 

Table 2 shows that the number of primary branches also 
varied among the clones. Wariso had the most (35 primary 
branches). This was higher than for all the clones from 
Jember, West Lampung, and Tanggamus. Some clones, 
West Lampung namely Tugu Hijau, Tugu Kuning and 
Tugu Sari, had a significantly higher number of primary 
branches compared to that of the Jember clones. Tugu Biru 
had a number of primary branches comparable with all the 
Jember clones. In contrast, Lengkong had the least number 
(i.e., 8 primary branches).  

The number of primary branches is one of the important 
characters determining the potential for coffee production 
because more branches can provide for development of an 
ample photosynthetic area that in turn nourishes tree 
vegetative parts and fruits (Udarno and Setiyono 2015; 
Pauline 2013). A higher number of primary branches may 
indicate a higher production potential. Therefore, it was 
expected that most of the coffee clones from West 
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Lampung and Tanggamus districts could have productivity 
similar or even higher than that of Jember clones. In 
addition, clones of these clones could be used in selection 
programs to produce new superior varieties with high 
number of primary branches. 

The wide morphological variation in the vegetative 
characteristics of the robusta coffee clones summarised 
above in Table 2 was in accordance with the findings of 
Cubry et al. (2008) who reported that the robusta species, 

Coffee canephora, displays the highest variability within 
the Coffea genus. This variability also extends to the 
reproductive characteristics. Table 3 shows the results of 
our analysis of the green bean characteristics from ten of 
the superior robusta coffee clones collected from 
Tanggamus District and West Lampung District. In 
general, there were significant differences between the 
clones in the morphological characters of the beans (Figure 
3).  

 
 

 
Table 3. Diversity of morphological quantitative characters of coffee beans among ten local robusta coffee clones in Lampung Province, 
Indonesia 
 
 
Clones  

Fruit 
length 
(mm) 

Fruit 
thickness 
(mm) 

Fruit 
weight 
 (g) 

HS bean 
length 
(mm)  

HS bean 
thickness 
(mm) 

HS bean 
weight (g) 

Ose bean 
length 
(mm)  

Ose bean 
thickness 
 (mm)  

Ose bean 
weight 
 (g)  

Tugino 19.05 b 13.97 b 2.48 a 16.19 b 6.89 a 0.67 b 14.48 a 5.55 ab 0.53 a 
Komari 18.12 c 14.91 a 2.66 a 14.58 c 6.70 ab 0.62 b 12.44 bc 5.56 ab  0.46 b 
Biyadi 20.10 a 14.95 a 2.43 b 13.08 de 6.25 cd 0.47 d 11.03 de 5.06 cd 0.35 de 
Wariso 16.08 fg 12.97 cd 1.96 c 15.92 b 5.90 d 0.54 c 12.90 b 4.73 de 0.38 cd 
Wanto 15.79 fg 12.22 c  2.03 c 14.02 cd 6.43 bc 0.52 cd 11.96 cd 5.34 bc 0.40 c 
Tugu Kuning 16.38 ef 12.30 cde 1.62 d 14.18 cd 6.51 abc 0.40 e 11.40 de 4.99 cd 0.33 ef 
Tugu Sari 17.06 de 12.80 cde 1.99 c 13.59 de 6.81 ab 0.36 ef 11.15 e 5.18 c 0.30 f 
Lengkong 15.59 g 11.73 f 1.37 e 12.27 f 5.31 e 0.31 f   9.42 f 4.40 e 0.19 g 
Tugu Biru 17.72 cd 12.24 ef 2.06 c 17.29 a 6.85 a 0.74 a 14.64 a 5.65 ab 0.48 b 
Tugu Hijau  16.98 e 12.68 cde 1.73 d 14.51 c 6.75 ab 0.56 c 12.91 b 5.84 a 0.45 b 
CV   2.38   3.10 5.02   3.14 3.56 6.23   3.15 3.93 5.78 
LSD 5%   0.70   0.70 0.17   0.78 0.39 0.05   0.04 0.35 0.04 
Note: Values within the same column followed by the same letter do not differ significantly at the 5% level of significance 
 
  
 
 
 

 
 
Figure 3. Green bean diversity among clones of  local robusta coffee in Lampung Province, Indonesia 
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In general, coffee clones from Tanggamus produced 
green beans which were longer, thicker and heavier 
compared to the clones from West Lampung District. The 
length of green beans ranged from 20.1 mm to 15.6 mm. 
Biyadi had the longest beans (20.1 mm), followed by 
Tugino (19.1 mm) and Komari (18.1 mm). Lengkong, 
Wanto, and Wariso had the shortest beans (15.6, 15.8 and 
16.1 mm, respectively). Tugu Sari, Tugu Biru, and Tugu 
Hijau were similar to one another in their green bean 
characteristics. In term of the bean thickness, Biyadi and 
Komari had the thickest beans (14.91 and 14.95 mm, 
respectively), while Lengkong (11.7 mm) and Tugu Biru 
(12.2 mm) had the thinnest green beans. Overall, the green 
bean weight ranged from 2.66 g to 1.37 g per bean (Table 
3; Figure 3). Green beans of Komari and Tugino clones 
were the heaviest, 2.66 g and 2.46 g, respectively. In 
contrast, Lengkong (1.37 g) had the lightest green beans.  

In conclusions, similarities in quantitative 
morphological characters were found between certain 
clones among fifteen robusta coffee clones evaluated in 
Lampung. Tugu Sari was found to have similar leaf length 
with that of clones from Tanggamus District such as 
Tugino, Wanto, and Biyadi. Three clones from Tanggamus 
(Tugino, Wanto and Biyadi) had wider trunk diameter than 
the national robusta clones. In terms of green bean 
characteristics, coffee clones from Tanggamus, in general, 
produced longer, thicker and heavier green beans than 
those from West Lampung District. Findings from a 
previous study by Pauline (2013) have indicated that 
selection for higher bean yield per tree can be achieved 
through selection for higher percentage of primary 
branches, bean weight, canopy diameter, tree height, trunk 
diameter, bean thickness, bean length, fruit length, inter-
node length on orthotropic branches and petiole length. Our 
study indicates that genetically influenced variation exists 
amongst Lampung robusta clones for most of these 
characteristics and suggests that determination of an 
appropriate selection index based on the most heritable of 
these characteristics which are correlated with high yield 
could be a useful approach to generating improved 
productivity of robusta coffee in Lampung Province. 
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Abstract. Ario A, Kartono AP, Prasetyo LB, Supriatna J. 2018. Post-release adaptation of Javan gibbon (Hylobates moloch) in Mount 
Malabar Protected Forest, West Java, Indonesia. Biodiversitas 19: 1482-1491. Post-release adaptation study of Javan gibbon 
(Hylobates moloch) was conducted in twelve months from April 2016 to March 2017 in the Mount Malabar Protected Forest, West Java. 
We studied eleven Javan gibbons released between March 2014 to August 2016. The purpose of this study was to assess the adaptive 
ability of the released Javan gibbons. Data collection was conducted by focal animal sampling method with 5-minute interval recording 
time and ad libitum method. The average time allocation of Javan gibbon activities was the following: feeding 23.02±1,62%; moving 
26.95±3.07%; resting 40.88±3.81%; socializing 7.56±3.55%; sexual 0.26±0.24%; and vocalizing 0.95±0.21%. We compared activity 
allocation data from this study and those from wild Javan gibbons and found similarities as follows: 47.60% at a family of Jowo-
Bombom-Yani-Yudi, 62.45% at a pair of Moly-Nancy, 51.70% at a pair of Robin-Moni and 52.58% at a family of Mel-Pooh-Asri. Post-
release adaptation of Javan gibbon is influenced by internal and external factors. Internal factor includes the ability of each individual to 
develop wild behavior according to its gender and age group, in terms of natural fruit consumption, brachiation movement, morning 
calls and alarm calls, as well as affiliative bonds among individuals. External factors include the ability of Javan gibbon to adapt to the 
environment, namely weather conditions and human presence. 

Keywords: Adaptation, behavior, Javan gibbon, post-release  

INTRODUCTION  

The Javan gibbon (Hylobates moloch) is one among 
nine primate species in the family Hylobatidae in 
Indonesia. The others were Hylobates agilis, Hylobates 
albibarbis, Hylobates klossii, Hylobates lar, Hylobates 
muelleri, Hylobates abbotti, Hylobates funereus, and 
Symphalangus syndactylus (Ross et al. 2014). It is found 
only on the Island of Java, particularly in conservation 
forest and protected forest in the western and central part of 
Java. In addition to habitat loss, hunting for pets is a 
serious ongoing threat for Javan gibbon (Nijman 2004; 
Supriatna 2006).  

Fewer than 100 wild-caught Javan gibbons were in 8 
rehabilitation centers and 11 zoos on the Islands of Java 
and Bali (Nijman 2004). Javan gibbons in rehabilitation 
centers were usually pets, which were confiscated by the 
government or given up voluntarily by the previous 
owners. Rehabilitation and release of Javan gibbon are not 
easy. Besides being monogamous, highly selective for food 
and mates, Javan gibbons have a strong sense of 
territoriality, resulting in a lengthy and costly rehabilitation 
process. Rehabilitation and reintroduction programs have 
been widely used as an element of conservation strategies 
for endangered species (Kleiman 1989). Reintroduction 

programs provide an opportunity for animals that have 
lived in captivity to have another chance of living in the 
wild and may be one way of re-establishing populations 
that have become locally extinct (Komdeur and Deerenberg 
1997). The main species to be reintroduced are those that 
have small and declining population sizes, and limited 
distribution. Reintroduction should only be undertaken if 
the program does not threaten wild populations or 
ecological integrity in reintroduction areas (Baker 2002; 
IUCN 2002, 2012). 

To successfully conserve species, preserving wild 
populations and their habitats is the most crucial factor; yet 
the wild populations can obtain benefit from rehabilitation 
and reintroduction programs, while raising public 
awareness to problems faced by the species (Cheyne et al. 
2008). Problems that may emerge during reintroduction 
programs include mortality before reproduction, 
disappearance without recovery, no vocalization, no 
copulation, no development of mating behavior, lack of 
nutrients, and inability to brachiate. Mortality can be 
caused by hunting, disease, and starvation (Cheyne 2009). 

Post-release monitoring is a crucial step in the 
rehabilitation process to ensure that wild behavior is 
developed. Without post-release monitoring, we can not 
measure objectively and scientifically whether a 
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rehabilitation program is successful (Cheyne 2010; Cheyne 
et al. 2012).  

Javan gibbon’s ability to adapt after being released is an 
indicator of a successful rehabilitation and reintroduction 
program. This adaptive ability in released Javan gibbon had 
not been studied previously. Therefore, this research was 
conducted, aiming to assess the adaptive ability of released 
Javan gibbons. 

MATERIALS AND METHODS  

Time and Location of Study 
The study was conducted in 12 months from April 2016 

until March 2017 in Mount Malabar Protected Forest 
(MMPF), West Java, Indonesia. It has an area of about 
8.894,47 hectares located in Bandung District, West Java. 
The research site was located at 07°07’20.52” S and 
107°36’28.48” E, at altitudes of 1,000 to 2,300 m asl (Figure 
1). The average temperature was 18-23°C with annual 
rainfall between 2,000 and 2,500 mm. 

 
  

 
 
Figure 1. The map of study area of Javan gibbon in Mount Malabar Protected Forest, West Java, Indonesia 
 
 
Table 1. Research subjects of Javan gibbon in Mount Malabar Protected Forest, West Java, Indonesia 
  

Nickname  Sex Estimated birth  Rearing phase Rehabilitation phase Group status 

Jowo M 1999 1999-2008 (±9 years) 2008-2014 (±6 years)  
Bombom F 1999 1999-2008 (±9 years) 2008-2014 (±6 years) Family 
Yani F 21 July 2010 Birth at JGC 2010-2014 (±4 years)  
Yudi M 7 July 2013 Birth at JGC 2014 (±1 year)  
      
Nancy F 1998 1998-2004 (±6 years) 2004-2015 (±11 years) Pairs 
Moli M 2002 2002-2004 (±2 years) 2004-2015 (±11 years)  
      
Moni F 2004 2004-2005 (±1 year) 2005-2015 (±10 years) Pairs 
Robin M 2002 2002-2008 (±6 years) 2008-2015 (±7 years)  
      
Mel M 1997 1997-2008 (±11 years) 2008-2016 (±8 years)  
Pooh F 2000 2000-2008 (±8 years) 2008-2016 (±8 years) Family 
Asri F 9 Feb 2015 Birth at JGC 2015-2016 (±1 year)  
Note: JGC=Javan gibbon Center, M=Male, F=Female 
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Research subjects 

The subjects in this research were eleven released 
individuals of Javan gibbon. They consisted of four groups: 
Jowo-Bombom-Yani-Yudi, released on 27 March 2014; 
Robin-Moni and Moli-Nancy, two pairs of gibbon released 
on 24 April 2015; and Mel-Pooh-Asri, released on 10 
August 2016. They also consisted of 8 adults, Jowo, 
Bombom, Nancy, Moli, Moni, Robin, Mel, and Pooh, at the 
ages of ±13-21 years; 1 subadult, Yani at the age of ±6 
years; 1 juvenile, Yudi at the age of ±3.5 years; and 1 
infant, Asri at the age of ±1.5 years (Table 1). 

Data collection and analyses 
Javan gibbon behaviors observed in this study were 

feeding, moving, resting, social, sexual, and vocalization. 
To collect the behavioral data, we used the focal-animal 
sampling method with 5-minute intervals (Altmann 1974), 
during Javan gibbon active period, from the time they 
awoke in the morning until they slept in the evening (Cocks 
2000). Data collection was combined with ad libitum 
method, to note important events that occurred outside the 
observation time intervals (Martin and Bateson 2007).  

To assess the pair bond between the released Javan 
gibbons, we recorded proximity and position among 
individuals in a group with a range of 0-10m, 10-20 m, 20-
30 m, and >30 m. We also documented their forest strata 
use, with ranges of 0-10m, 10-20 m, 20-30 m, and >30 m. 

We analyzed the behavioral data using qualitative 
approach. In addition, we also compared the behaviors of 
the released Javan gibbon with those of the wild Javan 
gibbon based on literature. Gibbon coordinates obtained 
from Global Position System (GPS) and the home range 
area was mapped using Minimum Convex Polygon (MCP) 
approach with ArcGIS 9.3.  

RESULTS AND DISCUSSION 

Activity budget of Javan gibbon 
We analyzed the behavioral data and found that the 

eleven released Javan gibbons allocated their time as on 
table 2. Several studies on wild Javan gibbon behavior in 
Mount Gede-Pangrango National Park (MGPNP), Mount 
Halimun National Park (MHNP), and Leuweung Sancang 
Nature Reserve (LSNR) found that the average time 
allocation was: feeding 39.20±6.84%, moving 
24.56±11.29%, resting 28.30±9.61%, socializing 
3.46±1.91%, vocalizing 3.17±2.80% and sexual 1.30±0.24 
(Landjar 1996; Fithriyani 2007; Iskandar 2007; Arifin 
2007; Malone 2007; and Ario 2011). We compared 
behavior allocation data from this study and data from wild 
Javan gibbon and found as on Table 3. 

The gibbons mostly ate fruits 60.05±3.42, followed by 
leaves 35.95±4.48, flowers 3.55±1.80 and insects 
0.45±0.58. Brachiation 50.80±8.48 was the primary 
locomotion, followed by leaping 27±5.52, climbing 
14.58±7.33, and bipedalism 7.62±3.37. They rested by 
sitting 84.24±9.03, lying 14.57±8.04, and sleeping 
1.19±1.30. Social interaction among individuals was 
grooming 66.98±6.99, playing 30.02±6.51, and agonistic 
behavior 4.12±4.88. Sexual behavior between adults was as 
follow: courtship 81.43±12.13, pre-copulation 16.05±9.47, 
and copulation behavior 11.80±3.00. The gibbons mostly 
vocalized by doing short call 59.11±8.93, followed by 
morning call 27.11±14.14, and alarm call 13.78±8.27. 
Grooming, playing, and sexual are included in affiliative 
interaction among Javan gibbon. Average percentage 
behaviors for each gibbons group (Figure 2). 

 

 
 
 

Table 2. Behavioral time allocation for each group of post-release Javan gibbon 
 
Behaviors The family of Jowo- 

Bombom-Yani-Yudi 
The pair of 
Moli-Nancy 

The pair of 
Robin-Moni 

The family of 
Mel-Pooh-Asri 

Feeding 20.67±4.29 23.59±1.30 23.50±0.74 24.32±2.07 
Moving 31.07±10.35 27.47±4.87 24.98±1.47 24.29±7.44 
Resting 35.45±12.08 43.98±4.43 41.14±2.12 42.94±12.50 
Socializing 11.46±7.26 3.02±0.07 8.82±0.00 6.94±5.92 
Vocalizing 0.95±0.52 0.92±0.44 0.71±0.13 1.23±0.19 
Sexual 0.18±0.22 0.59±0.19 0.28±0.00 0.00±0.00 
 
 
 
Table 3. Similarity level data on post-release and wild Javan gibbon 
 

Behavior 
Wild Javan gibbons 

(  ± SD) 

Similarity level (%) 
The family of Jowo-Bombom-

Yani-Yudi 
The pair of 
Moli-Nancy 

The pair of 
Robin-Moni 

The family of Mel-
Pooh-Asri 

Feeding 39.20±6.84 52.72 60.17 59.93 62.03 
Moving 24.56±11.29 79.04 89.40 98.30 98.90 
Resting 28.30±9.61 79.85 64.35 68.79 65.91 
Socializing 3.46±1.91 30.19 87.28 39.23 49.87 
Vocalizing 3.17±2.80 29.94 28.88 22.42 38.78 
Sexual 1.30±0.24 13.85 44.62 21.54 0.00 
Average 47.60 62.45 51.70 52.58 
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Figure 2. Average percentage for each Javan gibbon group behavior 
 
 
 

 

 
 
Figure 3. Daily activity patterns of the post released Javan gibbon 
 
 
 

 
The highest daily activity of eleven Javan gibbons was 

12.84% at 08: 00-09: 00 a.m. and 12.95% at 02: 00-03: 00 
p.m. In contrast, the lowest activity was 4.65% at 06: 00-
07: 00 a.m. and 7.23% at 03: 00-04: 00 p.m. (Figure 3).  

Based on gender and age group, we consider key 
behaviors for assessing successful adaptation of Javan 
gibbon consist of fruit consumption, brachiation, 
communication (i.e. morning call and alarm call), and 
affiliative interactions (i.e. grooming playing and sexual). 
The average proportions of fruit consumption by adult male 
and adult female, also based on age group were more than 
50%. The average percentages of brachiation in subadult, 
juvenile, and infant higher than male and adult female. 
Morning call was always sung by adult female, alarm call  

was produced by both male and female, and only adult 
performed the alarm call. Affiliative interactions were 
found in adult, subadult, juvenile, and infant. The average 
proportions for each key behavior (Table 4). 

Adaptation based on gender and age group 
The released Javan gibbon certainly has limited 

behavioral ability compared to wild Javan gibbon. The 
released gibbons need time to adapt to the environmental 
conditions in the wild, including exploration to locate food. 
Moreover, these gibbons underwent behavioral changes 
and high dependence on humans when they were pets. 
Thus, they need gradual adaptation process, with different 
adaptive ability in each individual.  
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Table 4. The average proportions for each key behaviors of Javan gibbon 
 

Key behaviors 
Gender Age group 

Adult male Adult female Adult Subadult Juvenile Infant 
Consuming natural fruits 59.81±5.37 56.32±3.05 58.06±4.45 75.83 69.58 54.37 
Brachiation 48.15±8.45 49.23±8.26 48.69±7.75 70.30 74.88 35.53 
Morning call 0.00±0.00 15.43±3.64 15.43±3.64 0.00 0.00 0.00 
Alarm call 26.26±13.56 19.65±19.07 22.96±15.72 0.00 0.00 0.00 
Affiliative interactions 39.52±3.30 45.37±10.85 42.44±8.06 49.02 48.97 48.91 
 
 
 

The highest daily activities of eleven Javan gibbons 
occurred at 08: 00-09: 00 a.m. and at 02: 00-03: 00 p.m. 
This was due to increasing morning activities to find and 
consume food, and morning call vocalization. In the after-
noon, increasing feeding activity usually happened near 
sleeping time. In contrast, the lowest activities occurred at 
06: 00-07: 00 a.m. and at 03: 00-04: 00 p.m., due to weather 
conditions at the observation site which was usually cold, 
foggy, and occasionally raining, causing delayed activities. 
When the sun shines in the morning, most Javan gibbons 
travel to the tops of the trees to catch the sunshine. This is 
done to warm their bodies before starting activities. After 
the sun rises, Javan gibbon usually does vocalization and 
then eats (Rinaldi 2003). The wild gibbons show bimodal 
pattern in their daily activities, i.e., two peaks for each 
activity. The first peak happens after the gibbon group 
leaves their sleeping tree and the second peak happens an 
hour before the group takes a long rest (Ravasi 2004).  

Consuming natural fruits 
The ability for consuming fruit of the released gibbon 

was lower (54.37-75.83%than that of the wild Javan gibbon 
in MGPNP and MHNP, i.e. 78-85.45% (Landjar 1996, 
Fithriyani 2007, Ario 2011). This was caused by the higher 
freedom of expression in obtaining choice of food besides 
the higher fruit availability outside the cages with unlimited 
time in the wild compared to that during the rehabilitation 
and acclimatization phase. During rearing, rehabilitation, 
and acclimatization, they had limitation in obtaining food 
depending on the time food was given.  

Fruit consumption was higher in juveniles and 
subadults than in adults. This was because juveniles and 
subadults tend to travel more and are very active, so they 
need more food to replace the energy spent. Also, juveniles 
and subadults are inclined to try all kinds of food in the 
forest, imitating their parents, but with higher relative 
frequency compared to adults. The frequency of eating 
behavior of juvenile Javan gibbons is higher than the 
adults, because the juvenile is in a growing phase so they 
need a lot of nutritional intakes (Riendriasari 2009). 

During observation, they seemed to be still in the 
process of locating food. They demonstrated selectivity in 
choosing food not only of fruits, but also leaves, flowers, 
and insects. This caused a balanced food proportion 
between fruits and leaves. Although fruit consumption in 
the released gibbons was still lower than those in the wild 
gibbon, their ability to obtain and consume natural fruit 
was more than 50%. The types of fruits, leaves, and 
flowers consumed reached 50 species in MMPF (Table 5). 

Table 5. List of species of plants consumed by the Javan gibbon 
in Mount Malabar Protected Forest, West Java, Indonesia 
 

Local name Scientific name 

Organs 
consumed 

F
ru

it
s 

L
ea

ve
s 

F
lo

w
er

 

       
Walen Ficus ribes   
Beunying  Ficus pistulosa   
Anggur hutan Tetracera scandens     
Kibeusi  Rhodamnia cinerea   
Kiara peer Ficus pubinervis    
Nangsi Villebrunea rubescens   
Hamerang Lithocarpus pallidus [1]   
Pasang Lithocarpus pallidus [2]    
Jarak Anak Castanopsis acuminatissus    
Hampelas Ficus parietalis    
Harendong Melastoma affine    
Putat Barringtonia spicata    
Panggang Trevesia sundaica    
Kiasahan Tetracera indica    
Baros Manglietia glauca   
Kondang Ficus variegata    
Pisang kole Musa acuminata     
Kileho Sauraija pendula   
Canar Smilax leucophylla     
Cecendet Physalis angulata    
Saliara Lantana camara    
Rukem Flacourtia rukam     
Rasamala Altingia excelsa    
Binbin Pinanga coronata    
Tepus Achasma coccineum    
Kilame Alstonia scholaris    
Kijeruk Acronychia laurifolia     
Sintrong Crassocephalum crepidioides    
Caringin Areuy Ficus benjamina     
Kisampang Evodia sarmentoda    
Seureuh LeuweungPiper sp.    
Lokwat Eriobotrya japonica    
Kisireum Syzygium rostratum     
Kihujan Engelhardia spicata    
Huru leuer Persea excelsa    
Kihampelas  Ficus ampelas     
Puspa Schima wallichii    
Calik angin Mallotus paniculatus   
Kaliandra Calliandra haematocephala   
Konyal leuweung Passiflora lingularis    
Kiara Ficus involucrata     
Kanyere Bridelia glauca    
Kawoyang Pygeum parviflorum    
Pisitan monyet Dysoxylum alliaceum     
Beleketebe Sloanea sigun   
Pohpohan leuweung Pilea trinervia    
Totongoan Debregia sp.    
Seserehan Cinnamomum parthenoxylon     
Hamirung Vernonia arborea    
Haruman Pithecellobium montanum     
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Brachiation  
Proportion of brachiation in the released male or female 

Javan gibbons was higher than that in wild gibbon in 
MGPNP, i.e., 35.53-70.30% compared to 44.05% (Ario 
2011). This was because the release location was a new 
area for the gibbon family, so they had to explore the area 
to obtain food, cover, and territory.   

Brachiation proportion in juveniles and subadults was 
higher compared to that of adults. This was because 
juveniles and subadults were more active; they moved and 
played near their parents. During juvenile and subadult age, 
they have learned to imitate their parents’ movement, so 
adaptation to brachiation started early in life. 

The ability to do brachiation or other movement is 
related to the rehabilitation process they have experienced. 
Using forelimbs for brachiation is very important in their 
adaptation after release. While undergoing the 
rehabilitation process in JGC, they have been trained to use 
their forelimbs via enrichment behavior by placing 
movement aids such as ropes and bamboo in the cage. 
Javan gibbon primary locomotion is brachiation. Other 
types of locomotion include climbing, leaping, and 
bipedalism. Brachiation is moving horizontally using both 
forelimbs to keep body weight and swing among tree 
branches (Matsumoto-Oda and Oda 1998). 

Communication 
The ability to do morning calls was only found in adult 

females, and not found in adult males, subadults, juveniles, 
or infants. The morning call behavior by adult females is an 
effort to communicate with other groups and express 
territoriality (Kappeler 1981). Vocalization in Javan gibbon 
is unique compared to that of other Hylobatids, that is 
females have a bigger role in keeping territory (Geissmann 
et al. 2005). 

The ability to produce alarm calls can be done by either 
adult males or females, but not by subadults, juveniles, or 
infants. The ability to do morning calls and alarm calls had 
been demonstrated since the gibbons were still in the 
rehabilitation process at JGC. 

The released female gibbons usually did morning call 
activity between 07: 00-08.00 a.m. after the sun rose, rain 
stopped, and mist decreased. If an adult female performed 
morning call, other groups would usually follow it. 
However, morning activity did not always start with 
morning call. Sometimes it rained in the morning, and the 
temperature dropped to 18°C-20°C, and these also affected 
the time the morning call was sung. The female Javan 
gibbon in MGPNP performed morning call at 05.30 a.m., 
however, if the weather was cloudy and foggy, morning 
call was done at 06: 00-07: 00 am (Iskandar 2007).  

Vocalization displayed by males Javan gibbon at study 
site was a short call as a communication between 
individuals, alarm call by both males and females were 
made whenever a potentially dangerous object or threat 
was observed by the group, such as wild boar, snake, or 
Javan leopard. Also, sometimes they began singing before 
the females sang the morning call, but stopped when the 
females started the great call. A duet male and female 
singing is not the case in Javan gibbon. The males appeared 

to abort their song bouts each time a female started to sing. 
A male Javan gibbons may occasionally call together with 
females in alarm call (Geissmann et al. 2005). 

Alarm calls made by male and female adults showed 
their alertness. We observed that alarm calls were made 
when there were other animals presents, such as an eagle or 
a leopard. Alertness was an advantage of living in groups, 
because each family member has the same role to detect the 
presence of disturbance or foreign things around them, thus 
primate will be aware of predator faster (Tobing 2002). 

Affiliative Interaction 
The high proportion of affiliative interaction either 

based on gender or age group indicated positive interaction 
in maintaining bonding among individuals in all the 
released Javan gibbon groups. Performing daily activities 
together allows individuals to interact with each other. We 
proved this by showing that the average proximity among 
individuals in each group was mostly in the range of 0-10 
m. That was the closest distance among individuals, 
allowing them to see each other, indicating small 
opportunity for an individual to be separated from its 
group. 

The proximity among individuals in the Jowo-
Bombom-Yani-Yudi family and Mel-Pooh-Asri family 
were larger than that in Moli-Nancy and Robin-Moni pairs. 
The presence of an infant or juvenile in the Jowo-Bombom 
and Mel-Pooh families strengthened the bond among the 
parents, especially when exploring. If one of the parents 
was far from the group, the infant or the juvenile would 
give a call that caused the parent to come closer. 

Interaction in a group consists of affiliative and 
agonistic behavior (Asteria 2008). Affiliative interaction is 
an interaction that strengthens bond and brings together 
individuals in a group. According to Fuentes (2000), 
affiliative behavior in primate aims to keep pair-bonds and 
affect other individuals (Koontz and Roush 1996), 
including to initiate copulation (courtship) (Estep and 
Dewsbury 1996). 

Difference in social behavior proportion depends on the 
composition in a Javan gibbon group. If there is an infant 
or a juvenile in a group, then playing behavior will have a 
higher percentage compared to other social behaviors. 
Playing behavior does not only happen among juveniles but 
also between a juvenile and a subadult, and between a 
juvenile and an adult. 

The Mel-Pooh family did not do any copulation, 
although there were courtship and social exploration 
activity. This was because Pooh was pregnant during our 
observation. Pooh gave birth to a male infant on 14 January 
2017 (Figure  4). This success of giving birth in the wild 
showed that Javan gibbon adaptation in the release site 
went well. Pooh showed good parenting, nursing, and 
babysitting, as she had experience of parenting after the 
first birth at Javan gibbon Center. At the age of 5 months, 
the baby began to learn to hang on the branch and move but 
still close to the mother. When the study was being 
conducted, he was 1.5 years old, already playing alone and 
consuming its own food. 
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Territoriality  
The territory sizes of the Jowo-Bombom-Yani-Yudi 

family, the Robin-Moni pair, the Moli-Nancy pair, and the 
Mel-Pooh-Asri family were 4.53 ha, 1.39 ha, 3.52 ha, and 
7.84 ha, respectively (Figure  5). According to Supriatna 
and Wahyono (2000), the Javan gibbon has a territory size 
of 16-17 ha with daily travel distance reaching 1.5 km. 
Kappeler (1981) and Rinaldi (1991), each stated that the 
average of Javan gibbon’s travel area in Ujung Kulon 
National Park (UKNP) was 13.4 ha and 8.53-8.82 ha. 
Landjar (1996) noted that Javan gibbon’s travel area in 
MHNP was 26.25 ha. 

We proved this from the average proximity among 
individuals in each group as follow: 51.63% at 0-10m, 
35.63% at 10-20m, 12,36% at 20-30m, 0.76% at >30m. 
The average of tree strata used in each group as follows: 
8.89% at 0-10m, 30.61% at 10-20m, 57.77% at 20-30m, 
2.72% at >30m. 

Each group started from its different release site, and 
slowly expanded their movement to have bigger home 
range. This is related to the distribution and abundance of 
feed around release site. The released Javan gibbon 
explored the area not only to find food, but also to 
investigate sound produced by other animals or humans. 

The high availability of feed causes an area to be 
maintained actively (Reichard and Sommer 1997). 
Territoriality is not only defending the spouse, but also to 
maintain a border area close to the food-source trees 
(Brockleman 2009). 

Fuentes (2000) mentioned that competition to find food 
in gibbons is relatively high, since they are frugivorous. 
Fruit availability is much limited compared to leaf, causing 
increased aggression among females to keep their food 
source in their own territory by vocalization. Males help 
females to protect their territory from intruders and 
predators, and also to protect females from other males. 

We found it interesting that Javan gibbon groups did 
not intrude and occupy each other’s territory. Adult 
females in each group used morning calls as a way of 
communicating their territory. Female gibbons perform 
female solo song in the morning to affirm territory 
boundaries (Fuentes 2002, Geissmann et al. 2005). 

In their home range, the eleven released Javan gibbon 
mostly used 20-30m tree strata. This showed their ability to 
locate food, to stay safe from predator, and do brachiation 
on tree branches in that height. The Javan gibbons spend 
most of their daily activities in the highest canopy strata, on 
20-25m (Nijman 2001). 

 
  
 
 
 

 
 
Figure 4. An infant birth of Java Gibbon in release site of in Mount Malabar Protected Forest, West Java, Indonesia 
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Figure 5. Map of territory sizes of four Java Gibbon group 
 

 
 

The Javan gibbons use trees found in that strata as their 
sleeping trees, although they might not use the same tree 
each night. They often use rasamala (Altingia excelsa), 
kilame (Alstonia scholaris), pisitan monyet (Dysoxylum 
alliaceum), huru leuer (Persea excelsa), and kibeusi 
(Rhodamnia cinereal) as their sleeping trees. Sleeping tree 
is important to protect primates from predators while they 
sleep. The gibbon requires a forest with connected canopy, 
trees with height more than 25m, and high diversity of 
fruit-producing trees (Cheyne et al. 2013). 

Adaptation to the environment 
Four groups of Javan gibbon released in MMPF have 

experienced these three phases: rehabilitation, 
translocation, and acclimatization. In the acclimatization 
phase, the four groups were placed in different cages.  

In the Jowo-Bombom-Yani-Yudi family and Mel-Pooh-
Asri family, the first individuals that exited the cage were 
the adult males, namely Jowo and Mel. In the Moli-Nancy 
and the Robin-Moni pairs, the adult females exited the cage 
first, namely Nancy and Moni. Jowo’s and Mel’s initiative 
to get out first showed adult male’s protective role in a 
family with offspring. In the Moli-Nancy and the Robin-
Moni pairs, initiative was shown by the adult female with 
no offspring, thus no alert behavior was observed. The 

presence of offspring obviously affects parents’ level of 
alertness. 

During exploration process, all the Javan gibbon groups 
that were released still wandered around the 
acclimatization cage, sometimes above the cage, and even 
re-entered the opened cage. This was because the 
acclimatization cage was considered as the safest location 
to avoid predators or human threats. Allowing them to 
wander around the cage was a gradual lesson before they 
completely left the cage. 

The acclimatization cage was kept in its location, so the 
gibbons could still recognize their safe center point, 
considering more than half of their lifetime was spent in 
rearing cage and rehabilitation. Dependance on the cage 
would diminish slowly, while gibbons were still wandering 
near their cage within an average of 5-6 months post-
release. All processes were left to happen as naturally as 
possible without human intervention.  

Weather condition 
The weather encountered during this study was 

relatively cold and foggy, with occasional rain in the 
morning or in the afternoon. Adaptation to weather 
conditions is highly needed, due to highly different 
conditions they encountered when they were pets or in 
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rehabilitation. The location of the rehabilitation was an area 
with an altitude of ±650 m asl, while the release site was 
1000-2300 m asl. The Javan gibbon could be found in an 
altitude of 1600 m asl., although some could be found in an 
altitude of higher than 2000 m asl. (Nijman 2004). 

The Javan gibbon has relatively thick hair, which helps 
its adaptation to live in cold places. The gibbons slept close 
to each other to keep them warm. Their adaptation to face 
cold weather in the study site was moving towards 
sunshine in the morning and warming their bodies before 
doing other activities. 

Human presence 
Human-directed behavior was a considerable concern. 

Given their history of being confined as pets, we expected 
that, they might be drawn to approach humans after they 
have been released in the wild. 

During our observation, the released Javan gibbons still 
showed human-directed behavior although in smaller 
percentage compared to their whole behaviors. In adult 
males and females, the value was 0.43%-0.52%. In infants, 
juveniles, and subadults, the behavior was not observed, 
since, in that age group, they never interacted intensively 
with humans. This low level of response to human presence 
showed the positive effect of rehabilitation program on 
these eleven individuals of Javan gibbon. Limiting contact 
between the Javan gibbon and humans during rehabilitation 
is essential to reduce its dependency on and interest in 
humans. 

The human-directed behavior showed to observers was 
an aggressive behavior, as an alertness to protect the 
member of the group. Whether a primate behavior is 
affected or not, can be detected early from its alertness to 
human presence (Tobing 2002). 

Effects of rearing and rehabilitation to adaptation 
ability 

Before being released, the Javan gibbon experienced 
two conditions: it was held as a pet, then it underwent 
rehabilitation at JGC. Both conditions involved close 
human interaction. The average age of gibbon when 
starting the rehabilitation process was 9 years, ranging 
from 2 to 11 years old, in male and 5 years, ranging from 
6-11 years old in female gibbons. When a gibbon was kept 
as a pet for a prolonged period, its behavior changed. On 
average, we need five years to recover normal behavior in 
ex-captive Javan gibbons before they are ready for 
releasing. 

During rehabilitation, they were given natural fruits 
found in the forest. We also trained them to use their 
forelimbs to brachiate through enrichment behavior. They 
were trained to vocalize by allowing them to listen to wild 
gibbon sounds in the wild. Intensive efforts to recover their 
abilities during rehabilitation is very important to prepare 
them to be released to their natural habitat. Another big 
challenge in Javan gibbon rehabilitation was forming adult 
pair bonds.  

The released Javan gibbon had relatively good adaptive 
ability. All four groups have shown primary normal 
behavior, such as: consuming natural food, brachiating, 

morning calling and alarm calling, showing affiliative 
behavior among individuals, and creating a territory. These 
abilities were related to the rehabilitation efforts at JGC. 
Proper treatment during the rehabilitation process is 
important to ensure adaptive ability after release, although 
this ability is not the same for each gibbon. The longer they 
became a pet, the harder it was to rehabilitate them. In 
contrast, infants, juveniles, or subadults adapted faster 
during rehabilitation, because they had less interaction with 
humans.  

In conclusion, Javan gibbon post-release behavioral 
adaptation is affected by internal and external factors. 
Internal factors include the ability of each individual to 
develop wild behavior according to its sex and age group. 
External factors include the ability of Javan gibbon to adapt 
to the environment, namely weather conditions and human 
presence. Treatment by an interaction with humans during 
captivity will highly determine the adaptative ability of the 
released Javan gibbon. The longer it is held in captivity, the 
longers are its rehabilitation process and adaptation process 
after being released. Releasing infants, juveniles, and 
subadults increase the probability of successful Javan 
gibbon rehabilitation and reintroduction program. Natural 
birth in the wild further increases the odds. 
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Abstract. Basyuni M, Wati R, Deni I, Tia AR, Slamet B, Siregar ES, Syahputra I. 2018. Cluster analysis of polyisoprenoid in oil palm 
(Elaeis guineensis) leaves in different land-uses to find the possible cause of yield gap from planting materials. Biodiversitas 19: 1492-
1501. The distribution and occurrence of polyprenols and dolichols in the leaves of oil palm (Elaeis guineensis Jacq.) plantations in 
different land-uses in North Sumatra, Indonesia were analyzed using two-dimensional thin layer chromatography (2D-TLC). Eighty-one 
of oil palm leaves were sampled to represent twenty-seven sites of land-uses, namely paddy field (four locations), mangrove (three 
locations) in Lubuk Kertang, Langkat, North Sumatra. In addition, samples from four groups of smallholders in Stabat, Langkat, six 
sites in Bangun Bandar, Serdang Bedagai, and ten sites on the campus of Universitas Sumatera Utara (USU), North Sumatra were 
collected. In the leaves, only one type (type II) with respect to the distribution of polyisoprenoids was detected: having the presence of 
both polyprenols and dolichols. Either type I, having predominance of dolichols over polyprenols or type III, displaying dominating 
polyprenols over dolichols were not observed. Results also showed that chain-length distribution of ficaprenols (C50-C60) without longer 
polyprenols (C85-C100) and dolichols of C85-C100 was detected in the paddy field, mangroves, and one site in USU campus. This 
polyisoprenoid profile was close to dura type of Elaeis guineensis. By contrast, the remaining land-uses had ficaprenols and longer 
polyprenols, and dolichols (C85-C100), which belong to tenera or pisifera type. To confirm this finding, a dendrogram was constructed. 
Cluster analysis demonstrated that twenty-seven sites of E. guineensis were grouped into appropriate types of dura, pifiera, and tenera 
accordingly, indicating that the existence of polyisoprenoids in E. guineensis was a chemotaxonomic marker. The finding of 
polyisoprenoid pattern of E. guineensis as dura type in mangrove and paddy field sites may reveal significant causes of yield gap in oil 
palm plantation from planting materials. 

Keywords: Chemotaxonomic marker, mangrove, oil palm leaf, paddy field, smallholder  

Abbreviations: 2D-TLC: two-dimensional thin layer chromatography, CPO: crude palm oil, Dol: dolichol, UPGMA: unweighted-pair 
group method with arithmetic mean, MVSP: multivariate statistical package, TL: total lipid, Pol: polyprenol 

INTRODUCTION  

Indonesia is currently the largest producer and exporter 
of palm oil in the world. The production of palm oil in 
Indonesia since 1964 has recorded a phenomenal rise from 
157 k t to 35 m t in 2017 (Directorate General of Estate 
Crops 2017). To maintain its status as the world's largest 
palm oil producer, Indonesia has projected the figure of 40 
m t by 2020 (McClanahan 2013). Sumatra and Kalimantan 
are the two islands that account for 96% of Indonesia's 
palm oil production. North Sumatra province is one of the 
centers of oil palm (Elaeis guineensis Jacq.) plantations in 
Indonesia. The North Sumatera area of oil palm plantation 
in 2017 was 1.47 m ha with CPO (crude palm oil) 
production of 5.7 mt (Statistics of Sumatera Utara 2017). 
Although Indonesia has large oil palm plantation area and 
becomes number one palm oil producer, Indonesian palm 
oil productivity is lower than that of Malaysia (Mukherjee 
and Sovacool 2014), suggesting an enormous yield gap 

(Woitties et al. 2017). 
It is important to identify the significant causes of yield 

gap in oil palm plantations. Improvement of the oil palm 
from plant material can be done with two methods: 
conventional methods of palm oil breeding and modern 
methods of crop improvement with biotechnology. 
Conventional technology takes a long time, high cost, large 
area and lots of manpower. Therefore, a biotechnology 
approach with a focus on improving planting materials and 
increasing productivity of oil palm becomes the right 
choice as a basic capital for the establishment of a 
plantation system with high levels of productivity and 
efficiency (Wu et al 2009). 

A number of molecular breeding studies have 
previously focused more on propagation of oil palm with 
tissue culture and its encoding genes (Low et al. 2008), 
somatic variation of embryogenesis for clonal propagation 
and controlling genes (Te-chato and Hilae 2007), 
geographic structure and genetic diversity (Singh et al. 
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2008) and the recent discovery of shell genes responsible 
for the shell thickness and size (Singh et al. 2013). Oil 
palm according to the thickness of the shell in the fruit, is 
divided into three types, namely dura (thick-shelled), 
pisifera (shell-less), and tenera (thin-shelled) - a hybrid 
between dura and pisifera, the source for commercial palm 
oil production worldwide (Basyuni et al. 2017a). Our 
previous research and other researches revealed that the 
molecular markers have not yet shown consistent results 
and there are still continuing studies to detect early types of 
oil palms before the fruit production phase (Ritter et al. 
2016; Babu et al. 2017, 2018a). In addition, an alternative 
technique to separate the fruit types of oil palm (Arifiyanto 
et al. 2017) and other plants (Basyuni et al. 2016, 
2017b,c,d; 2018a) by determination of polyisoprenoid 
compound has been reported using two-dimensional thin 
layer chromatography. These studies suggested that 
composition of polyisoprenoid in the leaves is reproducible 
for plant species and therefore is regarded as a 
chemotaxonomic species-definite marker (Rosalinka et al. 
2002; Basyuni et al. 2016, 2017b; Arifiyanto et al. 2017). 
The present study was aimed to analyze the profile of 
polyprenols and dolichols in the leaves of oil palm (E. 
guineensis) plantations in different land-uses in North 
Sumatra, Indonesia and to obtain significant causes of yield 
gap in oil palm plantation from planting materials.  

MATERIALS AND METHODS  

Plant materials 
Eighty-one of oil palm leaves were sampled to 

represent twenty-seven sites of different land-uses, namely 
paddy field (PF), consisting of four locations, PF1-PF4, 
mangrove forest with different salinity (MS) comprising 
three locations, MS 0.5%, 1%, and 2% in Lubuk Kertang 
Village, Langkat District, North Sumatra, Indonesia 
(Figure 1.A). In addition, ten sites on the campus of 
Universitas Sumatera Utara (USU), Indonesia, were also 
collected, i.e., Gate 4, Faculty of Engineering (FE), Gate 1, 
Gate 3, Faculty of Medicine (FM), University Library 
(UL), Civil Engineering (CvE), Faculty of Dentistry (FD), 
Chemical Engineering (CeE), and Faculty of Agriculture 
(FA) (Figure 1.B). Other leaves were sampled from four 
groups of smallholders, specifically oil palm tenera (OPT), 
oil palm abortion (OPA), oil palm PT Harapan Sawita 
(OPTHS), and oil palm marihat (OPM), in Stabat, Langkat, 
and six sites, i.e., Socfin Indonesia, Socfindo dura (SD), 
Socfindo wild type (SWT), Socfindo tenera (ST), Socfindo 
nursery (SN), and Socfindo pisifera (SP) in Bangun 
Bandar, Serdang Bedagai, North Sumatra (Figure 1.C-D). 
The sample site positions are described in Table 1. Leaves 
appearing first (age was approximately 2-4 weeks after 
opening) were regarded as samples. All Samples were 
collected when the average temperature of the environment 
was 25-28°C and humidity was 83-85%. 

Chemicals 
A mixture of dolichol (C90-C105) and polyprenol (C90-

C100) standard compounds was used to detect the 

polyisoprenoids that were identified in this study, as 
previously described in Basyuni et al. (2018). The 
identification of the family corresponding to polyprenols or 
dolichols was performed in at least three independent 
experiments. Silica gel 60 TLC glass plates and reversed-
phase silica RP-18 HPTLC glass plates were purchased 
from Merck. All of the other chemicals and solvents were 
of reagent grade (Merck). 

Isolation of polyisoprenoid alcohols 
The procedure of polyisoprenoid alcohols isolation was 
carried out as previously described in Basyuni et al. (2016, 
2017a,c) and Arifiyanto et al. (2017). The samples of 
leaves were dried using an oven at 60-70°C for 1-2 days. 
The dried tissue was crushed into a fine powder using 
laboratory mills, then weighed 5 g each and immersed in 
chloroform/methanol (CM2: 1; v/v) solvent, then incubated 
in a water bath for 48 h. The supernatant was filtered using 
No. 2 filter paper (Advantec, Tokyo, Japan) then dried 
 
Tabel 1. Description of sample locations in North Sumatra, 
Indonesia 
 

Location East longitudes (º) North latitudes (º) 

MS 0.5% 98.2749 04.0720 
MS 1% 98.2776 04.0719 
MS 2% 98.2812 04.0733 
PF 1 98.2837 04.0740 
PF 2 98.2868 04.0731 
PF 3 98.2872 04.0766 
PF 4 98.2782 04.0698 
    
Gate 1 98.6451 03.5673 
Gate 3 98.6408 03.5673 
Gate 4 98.6383 03.5673 
CeE 98.6421 03.5637 
CvE 98.6424 03.5618 
UL 98.6422 03.5612 
FA 98.6401 03.5607 
FD 98.6436 03.5658 
FE 98.6408 03.5628 
FM 98.6445 03.5667 
    
SD 99.0378 03.3174 
SP 99.0324 03.3204 
ST 99.0348 03.3205 
UOP 99.0408 03.3217 
SWT 99.0242 03.3237 
SN 99.0499 03.3397 
    
OPT 98.4074 03.9757 
OPA 98.4065 03.9970 
OPTHS 98.2972 04.0581 
OPM 98.4874 03.4757 
Note: PF: Paddy field, MS: Mangrove salinity, CeE: Chemical 
Engineering, CvE: Civil Engineering, UL: University Library, 
FA: Faculty of Agriculture, FD: Faculty of Dentistry, FE: Faculty 
of Engineering, FM: Faculty of Medicine, SD: Socfindo dura, SP: 
Socfindo tenera, ST: Socfindo tenera, UOP: Unknown oil palm, 
SWT: Socfindo wild-type tenera, SN: Socfindo nursery, OPT: 
Small holder oil palm tenera, OPA: Small holder oil palm 
abortion, OPTHS: Oil palm PT Harapan Sawita, OPM: Small 
holder oil palm Marihat, TL: total lipid, PI: polyisoprenoid, Pol: 
polyprenol, Dol: dolichol, Socfindo: Socfin Indonesia 
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Figure 1. Map of study sites showing different land-uses of E. guineensis in North Sumatra, Indonesia 
 
 
 
using rotary evaporator. The lipid extract of all samples 
was saponified at 65 °C for 24 h in 86% ethanol containing 
2 M KOH. The unsaponifiable lipids of each sample were 
evaporated and re-dissolved in hexane. All the samples 
extract (approximately 100 mg) were applied to each TLC 
plate. 

Analysis by two-dimensional thin layer 
chromatography (2D-TLC)  

First-dimensional TLC was performed for 45-60 min on 
a silica gel glass plate (20 × 3 cm) with a solvent system of 
toluene-ethyl acetate (9: 1) as previously described in 
Basyuni et al. (2016; 2017a,d). Second-dimensional 
reversed-phase C-18 silica gel TLC was carried out with 
acetone as the solvent for approximately 45 min. The 
position of the separated polyisoprenoid alcohols being 
developed by 2D-TLC was identified and visualized with 
iodine vapor before scanning (Basyuni et al. 2017c). To 
determine whether the family corresponds to dolichols or 
polyprenols, in the case of the one family that was 
observed on 2D-TLC, a dolichol or polyprenol reference 
was added to the sample line of the first-dimensional TLC 
and developed with a solvent system, as previously 

reported in Basyuni et al. (2017d). The developed 
chromatographic images were obtained and digitally 
scanned with a Canon E-470 series printer. The 
polyisoprenoid family was determined by the comparison 
of mobility on TLC chromatogram with that of authentic 
standards of dolichol or polyprenol that were applied in the 
second-dimensional phase. The polyprenols and dolichols 
that were traced on the RP-18 HPTLC glass plates were 
semi-quantified using ImageJ ver. 1.46r (Schneider et al. 
2012) with references of dolichol and polyprenol standards. 
The scan chromatogram was greyscale mode analyzed to 
get plot lines and label peaks. This area peak was copied 
and pasted to the program Microsoft Excel 2010 for 
quantification. 

Cluster analysis 
Phylogenetic tree analysis was done on selected subsets 

of leaf data consisting of 19 variables and 27 samples. All 
data were log (10) transformed as previously reported in 
Basyuni et al. (2018a). From these data, the dendrogram 
representing the leaf data was constructed by cluster 
analysis using the unweighted-pair group method with 
arithmetic mean (UPGMA) and MVSP (multivariate 



BASYUNI et al. – Profile of polyisoprenoids in oil palm leaves 

 

1495

statistical package) ver. 3.22 (Kovach Computing Service). 
Euclidean distance was chosen as the standard for cluster 
combination.  

RESULTS AND DISCUSSION  

Profile and distribution of polyisoprenoids in E. 
guineensis 

The search for polyisoprenoids from the leaves of E. 
guineensis plantations in different land-uses conducted 
using 2D-TLC (Basyuni et al. 2016, 2018a) brought clear 
separation of polyprenols from dolichols with respect to the 
carbon chain length. Tables 1-2 summarize the occurrence 
and distribution of polyprenols and dolichols with the 
carbon-chain lengths in E. guineensis planted in mangroves 
area, paddy field, and campus of USU. The total lipids 
(TL) are denoted as a fraction of crude lipids 
gravimetrically assessed. The TL ranged from 54.1 to 78.7 
mg g-1 dry weight. The quantity of PL varied among the 
locations. Only one type of profile group of polyprenols 
and dolichols in the leaves was detected, namely type-II 
with respect to the pattern of polyisoprenoids: having the 
occurrence of both polyprenols and dolichols (Basyuni et 
al. 2016, 2017d, 2018). The occurrence of both polyprenols 
and dolichols well agreed with previous findings on 
tropical plants (Tateyama et al. 1999; Basyuni et al. 2017d; 
Arifiyanto et al. 2017). The contents of Polyprenols were 
slightly higher than those of dolichols in most cases of 
mangrove areas and paddy fields (Tables 2-3). Similar 
results were also found in USU campus sites (Table 2). 

The polyisoprenoid profile of oil palm in land-use of 
mangroves area and paddy field of Lubuk Kertang showed 
one family polyprenols and dolichos as well, except in PF1 
which consisted of two families: ficaprenol (C50-C60) and 
longer polyprenol (C85-C100). It has been suggested by our 
previous results (Basyuni et al. 2017b, 2018a) that the 
chain length of polyprenols varied from tissue to tissue 
even for the same species, and appeared to form distinct 
families. In this circumstance, polyprenols also occurred as 
one or two polyprenols families, depending on the 
locations. The occurrence of two polyprenols families was 
observed in PF1 (Figure 1.D, Table 2). Similar to this 
observation, two polyprenols families were also detected in 
the polyisoprenoids pattern in USU campus, except in 
Faculty of Agriculture (FA), only one family was also 
identified as dura (Table 2, Figures 2-4). By contrast, the 
remaining land-uses had ficaprenols and longer polyprenols 
(C85-C100), and dolichols (C85-C100), which belong to tenera 
or pisifera type. These results therefore support the opinion 
that there may be at least three different biosynthetic 
pathways responsible for the formation of ficaprenols 
(shorter polyprenols), longer-chain of polyprenols and 
dolichols in E. guineensis (Arifiyanto et al. 2017) as well in 
mangrove, coastal plants and tropical trees (Basyuni et al. 
2016, 2017b,d, 2018).  

The structural group of shorter carbon-chain of 
polyprenols/ficaprenols (C85-C100) and longer dolichols 
(C85-C100) were found in E. guineensis Lubuk Kertang 
sites: mangroves and paddy fields (Figure 2, Table 3). This 

polyisoprenoid profile was close to dura type of E. 
guineensis (Arifiyanto et al. 2017). The dura type has a 
thick- shell female fruit, and contains less CPO (Basyuni et 
al. 2017a). By contrast, different patterns are shown in 
Figure 3 and Table 3, between two families of polyprenols 
(shorter and longer polyprenols) and longer dolichols 
belonging to pisifera or tenera type of oil palm. The 
present findings were commensurate with our previous 
results that polyisoprenoids could differentiate between 
fruit types of oil palm (Arifiyanto et al. 2017). 
Furthermore, dura type is discernible from other types 
from fresh fruit bunch and their physical and chemical 
characteristics (Basyuni et al. 2017a).  

To extend our knowledge on chemotaxonomic 
importance of polyisoprenoids in E. guineensis, similar 
experiments were carried out with samples from oil palm 
Company (PT Socfin Indonesia, PT Harapan Sawita) and 
smallholders around North Sumatra. Tables 4-5 summarize 
the results of quantitative analysis and carbon-chain length 
of polyprenols and dolichols concentration of E. guineensis 
in oil palm companies and randomly selected smallholders. 
The quantity of polyisoprenoid was largest in Socfindo 
dura and nursery leaves. The highest content of 
polyprenols belong to the leaves of Socfindo tenera. In 
contrast to this observation, Socfindo nursery had the 
highest content of dolichol (Table 4). This present pattern 
of polysisoprenoid in E. guineensis was supported by a 
previous study (Arifiyanto et al. 2017) showing the slightly 
more abundant polyprenols over dolichols (around 60: 40 
in ratio).  

Similar pattern of tenera or pisifera type was also 
observed in oil palm leaves from oil palm companies and 
smallholders as depicted in Figures 5-6 and Table 5. Table 
5 summarizes carbon length distribution found in the 
leaves, divided into two: most locations had more 
polyprenols (shorter and longer polyprenols) and only one 
location (SN) had slightly more dolichols than polyprenols. 
However, two locations no longer had polyprenols (SN and 
OPA). These locations are identical to dura type as 
previously described in (Arifiyanto et al. 2017). 

It has been proposed that the circumstance of 
accumulation of polyprenols in leaves is correlated with 
natural and time-dependent manner of physiological 
changes (Swiezewska et al. 1994). The increased 
accumulation of polyprenols has been shown in the old 
leaves of gymnosperm ginkgo (Ginkgo biloba) and 
angiosperm rubber plants (Hevea brasiliensis) (Tateyama 
et al. 1999) and senesced mangrove leaves of Bruguiera 
gymnorrhiza and Kandelia obovata (Basyuni et al. 2016). 
Furthermore, it has been reported that the pattern of 
polyprenyl esters was more multifarious in Lumnitzera 
racemosa old leaves (Skocylas et al. 1994). The increased 
abundance of polyprenols with age has been described in 
vitro plant tissue culture of Taxus baccata suspension cells 
(Skorupinska-Tudek et al. 2007). These studies indicated 
that leaves aging altered the profile and characteristics of 
plant polyprenols. These studies suggested that the 
biosynthetic pathways of polyprenols and dolichols are 
differently modulated in plant kingdom including E. 
guineensis. 
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Table 2. Profil of polyisoprenoid of oil palm leaves in Lubuk Kertang and campus of USU, North Sumatra, Indonesia 
 

Location Tissue 
TL PL Pol Dol % in total lipid % in polyisoprenoid Type 

 (mg/g dw)  (mg/g dw)  (mg/g)  (mg/g) Pl Pol Dol Pol Dol  
MS 0.5% Leaves 69.6±8.8 2.7±0.9 1.5±0.6 1.2±0.4 0.4±0.0 0.2±0.0 0.2±0.0 54.4±6.3 45.6±4.4 II 
MS 1% Leaves 62.0±7.8 7.8±1.6 4.3±0.9 3.5±1.0 2.1±0.2 1.2±0.2 0.9±0.0 54.9±2.1 45.1±4.3 II 
MS 2% Leaves 65.3±7.1 7.3±2.1 3.7±1.0 3.6±1.7 1.0±0.3 0.5±0.2 0.5±0.2 50.7±2.3 49.3±3.1 II 
PF 1 Leaves 63.7±4.2 8.7±1.1 3.8±0.7 4.9±1.7 0.9±0.6 0.4±0.1 0.5±0.2 43.3±1.1 56.7±2.1 II 
PF 2 Leaves 63.8±4.5 5.8±3.6 2.8±1.0 3.0±2.7 2.3±0.4 0.8±0.1 1.5±0.3 49.2±0.1 50.8±3.2 II  
PF 3 Leaves 64.1±9.5 9.4±0.0 5.2±0.5 4.2±0.5 1.6±0.2 0.8±0.4 0.8±0.2 54.1±4.3 45.9±2.2 II 
PF 4 Leaves 54.1±2.6 9.1±2.9 4.9±0.9 4.2±2.2 1.4±0.2 0.5±0.0 0.8±0.3 54.1±4.1 45.9±1.2 II 
Gate 1 Leaves 61.5±1.0 1.8±0.3 1.2±0.2 0.5±0.0 3.3±0.1 2.1±0.0 1.2±1.2 69.9±3.2 30.1±2.2 II 
Gate 3  Leaves 69.7±2.6 2.7±1.4 1.7±0.7 1.0±0.6 2.3±0.3 1.4±0.1 0.9±0.0 62.4±2.1 37.6±4.4 II 
Gate 4 Leaves 62.5±1.0 2.8±0.4 2.0±0.8 0.8±0.3 2.8±0.1 1.8±0.0 1.0±0.0 71.4±2.3 28.6±1.1 II 
CeE Leaves 67.2±8.7 3.2±1.2 2.1±0.5 1.1±0.7 1.4±0.2 0.8±0.0 0.3±0.0 65.4±2.3 34.6±1.1 II 
CvE Leaves 57.5±3.4 4.4±1.6 3.0±1.0 1.3±0.5 0.5±0.1 0.3±0.0 0.2±0.0 69.8±2.2 30.2±1.2 II 
UL Leaves 69.7±2.6 2.0±1.8 1.1±0.9 0.9±1.0 0.8±0.2 0.5±0.0 0.3±0.1 53.2±3.2 46.8±2.1 II 
FA Leaves 60.7±6.2 2.7±1.5 1.7±0.7 1.0±0.7 2.5±0.2 1.7±0.0 0.8±0.0 62.1±1.1 37.9±1.6 II 
FD Leaves 71.3±4.6 3.6±1.9 2.3±1.4 1.2±0.4 2.5±0.3 1.6±0.5 0.9±0.0 64.6±4.1 35.4±0.1 II 
FE Leaves 60.1±4.9 2.6±1.0 1.7±0.8 0.9±0.3 0.5±0.2 0.3±0.1 0.2±0.1 65.8±0.1 34.2±1.3 II 
FM Leaves 78.7±3.6 2.3±0.6 1.3±0.2 1.0±0.4 3.1±0.0 1.6±0.0 1.5±0.4 56.4±0.2 43.6±0.0 II 
Note: The location abbreviations were defined in the note of Table 1. Data are expressed as the means ± standard error (n = 3) 
 
 
 
Table 3. Carbon-chain lengths of polyprenol and dolichol of oil palm leaves from North Sumatra, Indonesia 
 

Location Tissue Polyprenol Dolichol 

MS 0.5% Leaves  50 55 60  85 90 95 100 
MS 1% Leaves  50 55 60  85 90 95  
MS 2% Leaves  50 55 60  85 90 95 100 
PF 1 Leaves  50 55 60 85 90 95 100  80 85 90 95 
PF 2 Leaves  50 55 60   85 90 95 100 
PF 3 Leaves  50 55 60  85 90 95 100 
PF 4 Leaves  50 55 60  85 90 95 100 
Gate 1 Leaves  50 55 60 85 90 95 100   85 90 95 100 
Gate 3 Leaves  50 55 60 80 85 90 95  80 85 90 95 
Gate 4 Leaves  50 55 60 65 80 85 90 95  80 85 90 95 100 
CeE Leaves  50 55 60 85 90 95 100  80 85 90 95 100 
CvE Leaves  50 55 60 85 90 95 100  85 90 95 100 
UL Leaves  50 55 60 85 90 95 100  85 90 95 100 
FA Leaves  50 55 60  80 85 90 95 100 
FD Leaves  55 60 65 85 90 95 100  85 90 95 100 
FE Leaves  50 55 60 85 90 95 100  85 90 95 100 
FM Leaves  55 60 65 85 90 95 100  85 90 95 100 
Note: The location abbreviations were defined in the note of Table 1 
 
 
 
Table 4. Profil of polyisoprenoid of oil palms leaves from Socfindo and randomly selected smallholders in North Sumatra, Indonesia 
 

Species  Tissue  
TL Pl Pol  Dol % in total lipid % in polyisoprenoid Type 
 (mg/g dw)  (mg/g dw)  (mg/g)  (mg/g) Pl Pol Dol Pol Dol 

 
SD leaves 59.3±1.0 10.3±1.7 5.6±2.2 4.7±1.5 1.7±0.1 0.9±0.1 0.8±0.2 53.9±2.1 46.1±0.2 II 
SP leaves 60.2±4.7 7.7±0.6 5.2±0.4 2.5±0.1 1.3±0.1 0.7±0.0 0.6±0.0 67.7±1.3 32.3±2.1 II 
ST leaves 59.2±2.6 10.0±0.1 5.7±0.2 4.3±0.4 1.8±0.0 1.0±0.1 0.8±0.0 56.8±1.0 43.2±1.7 II 
UOP leaves 60.4±2.8 2.4±0.1 1.7±0.2 0.7±0.1 1.9±1.8 1.1±0.8 0.8±0.5 67.1±2.8 32.9±3.2 II 
SWT leaves 60.9±3.6 9.3±0.1 4.7±2.0 4.6±1.9 1.5±0.0 0.8±0.0 0.7±0.1 50.4±1.6 49.6±1.3 II 
SN leaves 66.2±1.2 10.3±2.9 3.8±1.7 6.5±1.6 2.5±1.2 1.2±0.9 1.3±0.8 36.8±0.9 63.2±0.6 II 
OPT leaves 74.2±0.8 2.7±0.4 1.8±0.1 0.9±0.2 2.3±1.1 1.2±0.3 1.1±1.1 67.5±2.6 32.5±1.0 II 
OPA leaves 38.2±0.9 2.9±0.1 1.8±0.0 1.1±0.1 2.1±1.9 1.2±0.0 0.9±0.0 60.7±13 39.3±2.1 II 
OPTHS leaves 58.1±1.0 2.2±1.9 1.2±1.0 1.0±1.0 1.2±0.6 0.6±0.0 0.6±0.0 50.9±2.9 49.1±0.8 II 
OPM leaves 64.9±1.4 2.3±1.5 1.6±1.0 0.7±0.5 2.0±1..4 1.2±0.9 0.8±0.0 67.9±1.2 32.1±0.9 II 
Note: The location abbreviations were defined in the note of Table 1. Data are expressed as the means ± standard error (n = 3) 
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Phylogenetic analysis of polyisoprenoids in oil palm 
leaves 

 The results of phylogenetic analysis based on carbon-
chain length data of polyisoprenoids in the leaves were 
drawn to show the similarities land-use of oil palm. Figure 
7 depicts the location similarities based on leaf 
polyisoprenoid carbon-chain lengths from 27 sites. These 

data were largely separated into two groups. The first one 
was a cluster of 18 sites, consisting of samples from USU 
(Gate 1, Gate 3, Gate 4, FE, FM, UL, CeE, CvE, and FD), 
oil palm company (SD, SP, ST, SD, UOP), smallholders 
(OPM, OPTHS, and OPT), Lubuk Kertang sites (PF4). 
This group represented pisifera or tenera type of oil palm. 
Figure 7 shows that pisifera and tenera are located close to    

 
 
 
 

 

 
 

Figure 2. 2D-TLC chromatograms of hexane extracts of polyisoprenoids from Lubuk Kertang site: MS 0.5% (A), MS 1% (B), MS 2% 
(C), PF 1 (D), PF 2 (E), PF 3 (F), and PF 4 (G). The location abbreviations were defined in the note of Table 1. 
 
 

 

 
 
Figure 3. 2D-TLC chromatograms of hexane extracts of polyisoprenoids from USU: Gate 1 (A), Gate 3 (B), Gate 4 (C), CeE (D), CvE 
(E), and UL (F) 
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Figure 4. 2D-TLC chromatograms of hexane extracts of polyisoprenoids from USU: FA (A), FD (B), FE (C), and FM (D) 
 
 
 
 
 

 

 
 
Figure 5. 2D-TLC chromatograms of hexane extracts of polyisoprenoids from Socfindo: SD (A) SP (B), ST (C), UOP (D), SWT (E), 
and SN (F) 
 
 
 
 

 
 
Figure 6. 2D-TLC chromatograms of hexane extracts of polyisoprenoids from small holders: OPT (A), OPA (B), OPTHS (C), and OPM 
(D) 
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0.72 0.6 0.48 0.36 0.24 0.12 0

 
 
Figure 7. Phylogenetic tree showing the similarities sites of land-uses of E. guineensis based on carbon-chain length of leaves data of 
polyisoprenoids by log (10) transformation using Euclidean distance of 27 locations. The location abbreviation was defined in the note 
of Table 1 

 
 
 
Table 5. Carbon-chain lengths of polyprenol and dolichol from 
Socfindo and randomly selected Smallholders 
 

Location Tissue Polyprenol Dolichol 

SD Leaves 50 55 60 90 95 100  85 90 95 100  
SP Leaves 50 55 60 85 90 95  80 85 90 95 
ST Leaves 50 55 60 85 90 95  80 85 90 95 
UOP Leaves  55 60 65 85 90 95 100  85 90 95 100 
SWT Leaves 50 55 60 90 95 100  85 90 95 100 
SN Leaves 50 55 60  80 85 90 95 
OPT Leaves 50 55 60 85 90 95  80 85 90 95 
OPA Leaves 50 55 60  85 90 95 100 105 
OPTHS Leaves 50 55 60 80 85 90 95  80 85 90 95 
OPM Leaves 50 55 60 80 85 90 95  80 85 90 95 
Note: The location abbreviations were defined in the note of 
Table 1 
 
 
 
each other and forms one cluster. Both fruits type has 
several analogous carbon-chain compositions. It has been 
shown that the differences in carbon chain-length between 
pisifera and tenera were from polyprenols C65 and C105, 
respectively (Arifiyanto et al. 2017). It is interesting to note 
that oil palm company and smallholders have planted 
commercial type of oil palm, tenara, as indicated by the 
carbon chain-length showing the characteristics of tenera.  

The other group was a cluster of 9 locations comprising 
samples from USU (FA), oil palm company (SN), 
smallholder (OPA), and majority Lubuk Kertang sites 
(MS1%, MS2%, MS3%, PF1, PF2, and PF3). The second 
cluster was part of dura type of E. guineensis. This finding 
confirmed that oil palm plantations in mangrove area and 

paddy field were derived from non-commercial type of oil 
palm plantation.  

The dendrogram analysis indicated that twenty-seven 
sites of E. guineensis were grouped into appropriate types 
of dura, pisifera, and tenera accordingly (Figure 7), 
showing that the existence of polyisoprenoids in E. 
guineensis was a chemotaxonomic marker. Polyisoprenoid 
composition analysis could be done as an alternative 
method to categorize the fruit types of oil palm, besides 
using molecular markers (Ritter et al. 2016).  
 
Implication to yield gap causes from planting materials 

The dura type found in several sites may cause important 
yield gap in oil palm from planting materials. Yield gap has 
been studied to explore the possibilities for improving land 
productivity. It has been reported that contaminations of 
dura in the oil palm plantation reduced 35-50% bunch oil 
content (Woitties et al. 2017). Woitties et al. (2015) have 
reported oil palm in Sintang, West Kalimantan, Indonesia, 
that more than 50% oil palm plantation were contaminated 
with dura material, suggesting that the planting material 
was of inferior quality. Moreover, in Ramin, Jambi, the oil 
palm plantation tested was contaminated with dura and the 
yield was reduced by 30-50% of the bunches (Woitties et 
al. 2015).  

The poor planting materials of oil palm plantation in 
mangrove area are noteworthy, because oil palm plantation 
is one of proximate drivers of deforestation in mangroves. 
In Indonesia, oil palm contributed 15% of mangrove 
deforestation (Richards and Friess 2016). On the other 
hand, in North Sumatra province, Indonesia, oil palm 
plantation became the fourth proportion of deforested 
secondary mangrove forest converted to other land uses 



 BIODIVERSITAS  19 (4): 1492-1501, July 2018 

 

1500

during the period of 1990-2015 (Basyuni et al. 2018b). In 
Lubuk Kertang site, Langkat, North Sumatra, oil palm 
plantation was a driver of 44% of mangrove loss from 
2006-2016 (Basyuni et al. 2018c). The present study, 
therefore, may answer the question why Indonesian palm 
oil productivity is lower than Malaysia. It may be due to 
the poor planting materials: the contamination of dura type, 
as non-hybrid seeds.  

In conclusion, the pattern of polyprenols and dolichols 
in the leaves of oil palm (Elaeis guineensis) plantations in 
different land-uses in North Sumatra, Indonesia showed 
only one type polyisoprenoids, namely type-II, having the 
presence of both polyprenols and dolichols. The occurrence 
of ficaprenols (C50-C60) and longer polyprenols (C85-
C100), and dolichols (C85-C100) differentiated the E. 
guineensis types (dura, pisifera, and tenera). The cluster 
analysis demonstrated that twenty-seven sites of E. 
guineensis were grouped into appropriate types of dura, 
pisifera, and tenera accordingly, indicating that the 
occurrence of polyisoprenoids in E. guineensis was a 
chemotaxonomic criterion. The finding of polyisoprenoid 
profile of E. guineensis as dura type (non-commercial) in 
mangrove area and paddy field sites may reveal significant 
causes of yield gap in oil palm plantation from planting 
materials. 
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Abstract. Asmara IY, Garnida D, Sulisytati M, Tejaningsih S, Partasasmita R. 2018. Ethnoveterinary medicine and health management 
of Pelung Chicken in West Java, Indonesia. Biodiversitas 19: 1502-1508. Pelung chicken is a race group of chickens. The spread of 
Pelung chicken is in the district of Cianjur, and now become widespread to several districts in West Java. The spread of Pelung chicken 
does occur because as a poultry, it is attractive  to people who like to keep the chicken. The chickens are mainly raised as singing 
chickens. Some studies showed that health-management practices and disease control measures present challenges in maintaining the 
existence of the chickens. A survey was carried out to determine health management and the use of ethnoveterinary in raising Pelung 
chickens. Structured questionnaires were used to collect data involving 131 Pelung keepers in four districts in West Java Province 
including Cianjur, Sukabumi, Bandung and Garut Districts. The data was analyzed using descriptive analysis. The result showed that 
respiratory diseases such as Snot (Infectious Coryza) and Tetelo (Newcastle Disease) were main diseases for Pelung chickens. 
Vaccination combined with ethnoveterinary medicines was a common practice for Pelung keepers to prevent and cure chicken diseases. 
More than five major medicinal plants were found to be used to cure various chicken diseases in which leaves of papaya and turmeric 
were the most mentioned by respondents. Documentation and investigations regarding plant properties and their applications for Pelung 
chickens disease cure should be carried in the future. A combination of vaccination, ethnoveterinary medicine and good hygiene are 
required to control deadly diseases such as Newcastle Disease. Government intervention would be required to improve keepers' skills 
and awareness in chicken health management.   

Keywords: Pelung, health, ethnoveterinary  

INTRODUCTION 

Indonesia is considered as one of the major chicken 
domestication centers in the world due to distinctive 
characteristics of chickens in this country compared to 
those in Asia and other countries in the world (Partasasmita 
et al. 2016, 2017; Sulandari et al. 2007a, 2008). It is 
reported that Indonesia has at least 31 distinct groups of 
chickens (Nataamijaya 2000). In general, the chicken 
groups are classified into descript and non-descript 
chickens (Directorate General of Livestock Services 2003). 
Descript chickens are chickens which usually have specific 
characteristics (primarily specific plumage color), while 
non-descript chickens are chickens with no specific 
phenotypical characteristics (Partasasmita et al. 2017; 
Diwyanto and Iskandar 1999). Non-descript chicken such 
as Kampung chicken is believed to be the most common 
and represent the highest population among local chickens 
(Diwyanto and Iskandar 1999; Muladno 2008). In contrary, 
descript chicken such as Pelung chicken is considered local 
to certain area and their population is low (Muladno 2008).  

Pelung chicken is a variation of typical chicken of 
Warung Kondang Sub-district, Cianjur District, West Java 
(Partasasmita et al. 2016). This type of chicken began to be 
nurtured and developed in 1850 by nobles and clerics. 
Based on scientific search, Pelung chicken allegedly is a 

derivative of red forest chicken found in Java (Jatmiko 
2001). Pelung chickens are firstly developed by people in 
Cianjur, West Java Province as a singing rooster in 1850 
(Hippapi Kabupaten Cianjur 2005; Sulandari et al. 2007b). 
Currently, the distribution of Pelung chicken spreads across 
West Java and other provinces in Indonesia. Crowing 
duration of Pelung chickens can reach 15 seconds, whereas 
other local chickens only 2-3 seconds (Hippapi Kabupaten 
Cianjur 2005). Pelung chickens are bigger and growing 
faster than other local chickens. The body weight of male 
adult chickens can reach 5.400 g, while female adults 4.500 
g and the hens produce 39-68 eggs per year (Sulandari et 
al. 2007b). The plumage color of Pelung chickens is 
generally dominated by red, black and green for male 
chickens and black for females (Sulandari et al. 2007b). 
Figure 1 shows images of Pelung chickens. 

Health-management practices and disease control are 
still challenges in maintaining the existence of Pelung 
chickens. In Cianjur, respiratory diseases still occurred for 
the chickens and vaccination was not a common practice in 
health management of Pelung chickens (Asmara 2014). 
However, the use of traditional medicines such as papaya 
leaves (Carica papaya Linn) was a common practice in 
health management for Pelung chickens in Cianjur area. 
Unlike the modern chicken farming, the village chicken of 
Naga, Tasikmalaya that has been affected by the Newcastle 
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Disease has been traditionally treated by the medicinal 
plants, such as onion, garlic, and papaya instead of applying 
modern medicines (Partasasmita et al. 2017). The application 
of traditional medicine was also a common practice for 
other local chickens in Indonesia and the medicines were 
forms of preventive care for chicken diseases (Muladno 
2008). Natural products, particularly which are derived 
from plant origin and are generally used as means of 
curative and/or, in some cases, preventive measures of 
disease, are classified into ethnoveterinary medicines 
(Guèye 1999). Documentation of ethnoveterinary medicine 
is important since properties, complexity, and intensity of 
the ethnoveterinary medicine among individuals, societies, 
and regions are varied (Selvaraju et al. 2011). The present 
study was conducted to determine health management and 
the use of ethnoveterinary medicines in Cianjur and other 
areas outside Cianjur. The findings would be significant as 
inputs for maintaining the existence of Pelung chickens.  

MATERIALS AND METHODS 

Description of research area  
The research was carried out in areas where Pelung 

chickens were majority kept. The areas were Garut, 
Bandung, Cianjur and Sukabumi Districts, West Java 
Province (Figure 2). Garut District is situated 64.2 km from 
Bandung City, the capital of West Java Province. The 
district is adjacent with Bandung District, and it is located 
at an altitude of 100-1500 m asl with mean annual rainfall 
of 2,589 mm and annual temperature 24-27ºC (Dinas 
Komunikasi dan Informatika Kabupaten Garut 2017). 
Bandung District is a highland area with annual rainfall of 
1,500-4,000 mm and annual temperature between 12-24oC. 
The district is adjacent with the capital of West Java 
Province (Pemerintah Kabupaten Bandung 2017). Two 
other areas, Cianjur and Sukabumi Districts, are located in 
southwestern of Java Island. Both districts are adjacent. 
Cianjur District is situated at an altitude of 7-2,962 m asl 
with mean annual rainfall of 2,610 mm and mean annual 
temperature 24.4°C (Dinas Komunikasi Informatika 
Persandian Dan Statistik Kabupaten Cianjur 2017), while 
Sukabumi District is situated at an altitude of 0-2.960 m asl 
with annual rainfall of 2,000-4,000 mm and annual 
temperature 18-30°C (BPS Kabupaten Sukabumi 2016). 
Figure 2 depicts the research area.  
 

 
 
Figure 1. Pelung chickens 

 
 

 
 
 
Figure 2. Research areas in four district of West Java, Indonesia. 
1. Sukabumi, 2. Cianjur, 3. Bandung, 4. Garut. 
 

Research methodology 
A purposive sampling technique was applied in the 

survey due to no precise information about the number of 
Pelung keepers. A total of 131 Pelung keepers participated 
in the study. Respondents consisted of 29, 20, 47, and 35 
keepers from Garut, Bandung, Cianjur, and Sukabumi, 
respectively. The respondents were the person who owned 
Pelung chickens. Face-to-face interviews with structured 
questionnaires were used to gather data about health 
management practices and ethnoveterinary medicines in 
preventing and curing chicken diseases. Data collected 
from the questionnaire was coded and analyzed using 
descriptive analysis. The Statistical Package for the Social 
Sciences (SPSS) IBM SPSS statistics 19 was used to 
perform the analysis.  

RESULTS AND DISCUSSION 

Results 
Table 1 shows prevalent diseases of Pelung chickens in 

four research areas. More than 60% of respondents stated 
that Snot (Infectious Coryza) was the most frequent 
disease, while 44% of respondents named Tetelo 
(Newcastle Disease). Ngorok (Chronic Respiratory 
Disease) and Flu Burung (Avian Influenza) were 
mentioned by 13% of respondents, respectively. A same 
number of respondents (5%) reported intestinal diseases 
such as Berak Hijau (Fowl Cholera) and Berak Kapur 

1 3 
2 

4 
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(Pullorum) were the most common disease suffered by 
their chickens. Lumpuh (Marek’s Disease) and Gumboro 
(Infectious Bursal Disease) were confirmed by 6% and 3% 
of respondent, respectively. A small number of respondents 
(2%) identified Cacingan (Parasitic Worms) as the most 
common disease of Pelung chickens. 

In all areas, vaccination was not a common practice for 
Pelung keepers to prevent diseases (Table 2). More than 
40% of respondents in all areas, prevented and treated their 
sick chickens with ethnoveterinary medicine while 47% of 
respondents applied both vaccination and ethnoveterinary 
medicine.   

Table 3 displays the vaccine which was most applied by 
respondents to protect diseases. Among respondents who 
practiced vaccination, Newcastle Disease Vaccine was the 
most frequent vaccine to prevent disease (86%) followed 
by Infectious Choriza (19%). A small number of 
respondents applied Chronic Respiratory Disease Vaccine 
(4%), Avian Influenza Vaccine (4%) and Infectious Bursal 
Disease Vaccine (3%).   

Table 4 shows traditional medicines most commonly 
used by respondents. More than 40% of respondents used 
Papaya (Carica papaya Linn) and Turmeric (Curcuma sp) 
to prevent and cure diseases while 33% and 30% 
respondent used Onion (Allium cepa) and garlic (Allium 
sativum), respectively. More than 10% of respondents used 
Ginger (Zingiber officinale) and Aromatic Ginger 
(Kaempferia galanga L.) correspondently, whereas 8% of 
respondents used Areca Nut (Areca catechu L.) to avoid 
and treat the diseases.   

Respondents stated that traditional medicines play an 
important role in increasing palatability and immunity of 
chickens (Table 5). They also mentioned that traditional 
plants are essential in preventing and curing parasitic 
worms and respiratory diseases such as Snot and Ngorok. 
Some traditional plants acted as antibiotic, anti-
inflammatory and antipyretic. In general, traditional 
medicines were administered to chickens through feed or 
drink or, in some instances, orally. For example, mashed 
garlic was given orally to improve the immunity of Pelung 
chickens suffered from respiratory diseases.   

 
 
 
Table 1. The most frequent disease of pelung chickens 
 

Traditional/Local name Common name 
District 

All districts Garut Bandung Cianjur Sukabumi 
(%) 

Snot Infectious coryza 59 70 64 66 64 
Tetelo Newcastle disease 52 20 49 40 44 
Ngorok Chronic respiratory disease 31 15 0 14 13 
Flu Burung Avian influenza 0 20 21 9 13 
Lumpuh Marek's disease 10 10 2 6 6 
Berak Hijau Fowl cholera 7 10 2 3 5 
Berak Kapur Pullorum 10 0 2 6 5 
Gumboro Infectious bursal disease 0 5 4 3 3 
Cacingan Parasitic worms 3 0 0 6 2 
  
 
 
 
Table 2. Prevention and Medication of Pelung Chicken Diseases  
 

Prevention and medication 
District 

All districts Garut Bandung Cianjur Sukabumi 
(%) 

Vaccination 3 5 13 0 6 
Ethno-veterinary 38 55 36 66 47 
Vaccination and ethnoveterinary  59 40 51 34 47 
  
 
 
 
Table 3. List of vaccine of pelung chickens  
 

Vaccine 
District 

All districts Garut Bandung Cianjur Sukabumi 
(%) 

Newcastle disease 89 89 90 67 86 
Infectious choriza 28 11 13 25 19 
Chronic respiratory disease 6 22 0 0 4 
Avian influenza 6 0 7 0 4 
Infectious bursal disease 0 11 0 8 3 
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Table 4. Plant medicines used to treat pelung chickens 
 

Plant 
District 

All districts Garut Bandung Cianjur Sukabumi 
(%) 

Papaya (Carica papaya Linn) 39 32 61 49 48 
Turmeric (Curcuma sp) 54 84 27 29 42 
Onion (Allium cepa) 54 58 10 29 33 
Garlic (Allium sativum)  50 63 5 26 30 
Ginger (Zingiber officinale) 14 26 12 14 15 
Aromatic Ginger (Kaempferia galanga L.) 14 32 2 17 14 
Areca Nut (Areca catechu L.) 4 5 12 9 8 
 
 
 
Table 5. Medicinal plant benefit and general administration 
 

Plant Part used Benefit General administration 

Papaya  Leave Prevention/medication of parasitic worms Oral 
(Carica papaya L)   Prevention/medication of respiratory disease Dissolved in water 
    Anti-inflammatory Mixed with feed 
    Increasing palatability   
    Increasing immunity   
Turmeric  Rhizome Prevention/medication of respiratory disease  Oral 
(Curcuma sp.)   Prevention/medication of parasitic worms Dissolved in water 
    Medication of wounds Mixed with feed 
    Increasing immunity   
    Increasing palatability   
    Antibiotic    
    Anti-inflammatory   
Onion  Bulb Prevention/medication of respiratory disease  Oral 
(Allium cepa L)   Increasing immunity Mixed with aromatic ginger, garlic and brown sugar 
    Antibiotic  Mixed with vegetable oil 
    Increasing palatability Mixed with feed 
    Antipyretic   
Garlic  Bulb Prevention/medication of respiratory disease  Oral 
(Allium sativum L)   Increasing immunity Mixed with aromatic ginger, onion and brown sugar  
    Antibiotic  Mixed with feed 
    Increasing palatability   
Ginger  Rhizome Prevention/medication of respiratory disease  Oral 
(Zingiber officinale)   Increasing immunity Dissolved in water 
      Mixed with feed 
Aromatic ginger  Rhizome Prevention/medication of respiratory disease  Oral 
(Kaempferia galanga L.)   Prevention/medication of parasitic worms Dissolved in water 
    Increasing immunity Mixed with feed 
    Increasing palatability   
    Antibiotic    
Areca nut  Seed Prevention/medication of parasitic worms Oral 
(Areca catechu L.)   Increasing immunity Mixed with feed 
    Increasing palatability   
 
 
 
Discussion 

The current study revealed that respiratory diseases are 
common diseases suffered by Pelung chickens. Similar 
results for local chickens have been reported by 
Abdelqader et al. (2007), Henning et al. (2007), Das et.al 
(2008) and Kumaresan et al. (2008) in Asian Countries, as 
well as Mtileni et al. (2009) and Okeno et al. (2011) in 
African countries. These studies stated that Newcastle 
Disease (ND) is the major disease causing of chicken 
deaths. Therefore, it is required to design management 
intervention strategies to reduce losses associated with the 
disease. 

In all areas of current study, Snot (Infectious Coryza) 
and Tetelo (Newcastle Disease) are the main disease infects 
the chickens. Outbreaks of Infectious coryza may have an 
economic effect through increasing culling rate and 
reduction of egg production in commercial poultry 
(Blackall 1999). This disease infects upper respiratory tract 
of chickens caused by the bacterium Haemophilus 
paragallinarum (Blackall 1995). Infected birds show some 
clinical signs including nasal discharge and facial swelling 
(Blackal 1999; Glisson 1998). The disease may affect birds 
of all age groups; however, older birds may be more 
suffered (Glisson 1998). Even though the diseases do not 
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necessarily kill infected birds, it has the capability of 
reducing feed and water intake and losing the weight of 
birds (Ahlers et al. 2009). Antibiotics are commonly used 
to cure infectious coryza (Ahlers et al. 2009), and 
vaccinations are practiced as preventive actions (Ahlers et 
al. 2009; Blackall 1999; Glisson 1998; Blackall 1995).  

Tetelo (Newcastle Disease) is the second most frequent 
disease for Pelung chickens in all study areas. This disease 
is also suffered by other local chickens in Indonesia 
(Muladno 2008) and other developing countries (Alexander 
2000; Cumming 1992). Newcastle Disease has an 
economic effect due to its contagious viruses that lead to 
high mortality of chickens in South-east Asia (Aini 1990). 
Like infectious coryza, Newcastle Disease infects 
respiratory tract of chickens caused by paramyxovirus 
infection (Alexander 2000). The disease is contagious 
which lead to the death of 50-100% of infected chickens 
(Ahlers et al. 2009). Birds infected by Newcastle Disease 
displays various clinical signs depended on factors such as 
the virus, host species, age and immune status of the host 
as well as environmental conditions (Ahlers et al. 2009; 
Alexander 2000). The infection of a virulent virus may lead 
to the death of chickens without any signs of illness (Ahlers 
et al. 2009). However, symptoms of illness may include 
diarrhea, edema of the head and wattles, respiratory distress 
and gasping and in an advanced stage, may shows nervous 
signs, such as paralysis and torticollis (Ahlers et al. 2009; 
Alexander 2000). Vaccination should be carried out to 
control Newcastle Disease, and there is no known 
medication to cure the infection (Ahlers et al. 2009).  

The current study revealed that most of Pelung keepers 
relied on ethnoveterinary medicine to control diseases. 
Vaccination is not generally practiced by Pelung keepers in 
study areas. Asmara (2014) reported that vaccination is 
carried out by keepers with a high chicken population 
(more than 10 Pelung chickens). Keepers of other 
indigenous chickens, such as Sentul and Kedu chickens, 
who are members of breeder organizations vaccinated their 
chickens regularly. Muladno (2008) stated that in 
Indonesia, vaccinations are frequently undertaken only if 
the local government conducts a mass vaccination program 
and low awareness of vaccination are remained issue. 
Newcastle disease vaccine is the most common vaccines 
injected into Pelung chickens. This finding indicated that 
even though infectious coryza is stated as the primary 
disease, Newcastle disease is the major constraint to the 
production of Pelung chickens. Newcastle disease is a 
lethal disease with unpredictable outbreaks (Alders et al. 
2012). Outbreaks are frequently related to change of 
seasons (Awan et al. 1994); hence, knowledge of seasonal 
disease outbreaks is essential to support vaccination 
schedule (Okeno et al. 2012). Asmara (2014) suggested 
that vaccination should be carried out during the dry 
seasons to develop chicken immunity during the transition 
seasons. Alders et al. (2002) argued that establish 
vaccination calendars, for example, the vaccination every 
four months, is recommended to protect the flocks 
throughout the year. The use of ethnoveterinary to support 
vaccination program is also suggested (Okeno et al. 2012).  

The utilization of ethnoveterinary medicine is reported 
in some studies of chickens in developing countries such as 
Abdelqader et al. (2007), Mtileni et al. (2009) and Okeno et 
al. (2011). Globally, livestock keepers with limited access 
to modern medicines, mainly in the areas with insufficient 
health coverage services, depend on traditional knowledge 
for the management of animal health and to improve 
animal productivity (Selvaraju et al. 2011). The use of 
ethnoveterinary medicine was reported to be effective 
(Zainuddin 2006; Guèye 1999) with low cost and almost no 
side effects (Selvaraju et al. 2011). Furthermore, the use of 
ethnoveterinary medicine is sustainable and ecologically 
sound since it is locally available, accessible and suitable 
for use on poor and or traditional farms (Guèye 1999).  
However, Moreki (2012) argued that ethnoveterinary 
medicines have drawbacks including unidentified dosages 
in the use of such medicines. Ethno-veterinary knowledge 
has been passed verbally from older people to the younger 
generations (Moreki 2012; Selvaraju et al. 2011; Guèye 
1999); hence, it would be gradually lost due to rapid 
socioeconomic and cultural changes (Selvaraju et al. 2011; 
Guèye 1999). Ethno-veterinary documentation is an urgent 
need for future generations and further research (Selvaraju 
et al. 2011; Guèye 1999).   

Leaves of papaya (Carica papaya L) and turmeric 
(Curcuma sp.) are the most mentioned ethnoveterinary 
medicine used in controlling diseases. Papaya leaves were 
used as ethnoveterinary plants for backyard pigs and 
chickens in Trinidad and Tobago (Lans et al. 2007) and 
used for controlling coccidiosis of chickens in Cameroon 
(Nghonjuyi et al. 2015). In the current study, Pelung 
keepers claimed that Papaya leaves are beneficial for some 
disease treatments mostly for controlling parasitic worms. 
Papaya leaves contain papain, a proteolytic enzyme, which 
is capable of digesting worms or other parasitic cells 
(Nghonjuyi et al. 2015; Al-Fifi 2007). The anti-
inflammatory property of papaya leaves with high 
concentrations of vitamin A may protect caeca epithelium 
cell of chickens and build body resistance to coccidian (Al-
Fifi 2007; Nghonjuyi et al. 2015).   

Turmeric (Curcuma sp) is abundant in tropical and sub-
tropical regions (Teow et al. 2016). Pelung keepers 
believed that this herb is effective both as curative and 
preventive means of controlling respiratory diseases such 
as Snot. Turmeric performed as an antibacterial effect in 
chickens (Samarasinghe et al. 2003; Lawhavinit et al. 2010; 
Akbarian et al. 2011; Ürüşan and Bölükbaş 2017). 
Curcumin is the main bioactive in turmeric (Teow et al. 
2016), and it is capable of damaging the bacterial 
membrane integrity (Tyagi et al. 2015).  

Although Pelung keepers have knowledge about the 
diseases and the treatment methods to control it, the 
occurrence of respiratory diseases may indicate low 
implementation of biosecurity. Ngaya (2007) defines 
biosecurity as the application of procedures and practices to 
avoid introduction and spread of disease. The main 
principles of biosecurity are poultry isolation, traffic 
controlling, and sanitation. A combination of vaccination 
and good hygiene through following sanitary rules are 
required to control deadly diseases such as Newcastle 
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Disease (Ahlers et al. 2009). Sanitary measures at 
traditional farms may include cleaning the chicken house 
and its equipment as well as regularly cleaning out and 
dispose of manure. This is because transmission of 
Newcastle Diseases may occur through the inhalation of 
respiratory droplets or excretions, contaminated house, and 
its equipment, or direct contact between infected birds 
(Ahlers et al. 2009).  
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Abstract. Mashkova IV, Krupnova TG, Kostryukova AM, Harutyunova LJ, Varuzhan HS, Egorov NO. 2018. Short Communication: 
Mollusks biodiversity of Lake Sevan, Armenia. Biodiversitas 19: 1509-1513. The paper considers mollusks biodiversity in the freshwater 
lakes of Lake Sevan, Armenia. Lake Sevan is the largest water body in Armenia and one of the largest freshwater lakes in Eurasia. Since 
1930 it has been actively used for irrigating Ararat plain and in hydropower. So, its water level fell by 20 m, and its volume became 
40% less. Since mid-2000 when two tunnels had been built water level started to grow. For the last 6 years, water level was reported to 
grow. As a result of our study, 11 aquatic mollusks species (10 gastropod and 1 bivalve taxa) were currently found living in the Sevan 
lake. We found Lymnaea stagnalis (Linnaeus, 1758), Radix auricularia (Linnaeus, 1758), R. tumida (Held, 1836), R. balthica 
(Linnaeus, 1758), R. lagotis (Schrank, 1803), Galba truncatula (O. F. Müller, 1774), Planorbis planorbis (Linnaeus, 1758), 
Bathyomphalus contortus (Linnaeus,1758), Gyraulus acronicus (Férussac, 1807), Valvata piscinalis (O. F. Müller, 1774), Euglesa 
casertana (Poli, 1791). Lymnaeidae represented the largest number of species. The most abundant species was Lymnaea stagnalis 
(Linnaeus, 1758).  

Keywords: Biodiversity, bivalves, freshwater lake, gastropods, mollusks  

INTRODUCTION 

Lake water is often used for drinking, agricultural and 
industrial needs. But uncontrolled human activity can lead 
to the dramatic decline of water level in waterbodies. One 
of the most notorious environmental catastrophes is 
connected with Aral Sea that was the fourth large inland 
lake in the world. Since 1960-s a large-scale and inefficient 
irrigation in the upper river basin have resulted in declining 
volume of water running into Aral Sea and caused its 
shallowing (Matsui et al. 2017). 

Lake Sevan is the largest water body in Armenia and 
one of the largest freshwater lakes in Eurasia. Since 1930 it 
has been actively used for irrigating Ararat plain and in 
hydropower. So, its water level fell by 20 m, and its 
volume became 40 % less. Since the mid 2000s when two 
tunnels had been built water level started to grow. For the 
last 6 years, water level was reported to grow by 2.44 m. In 
October 2010 it reached 1900.04 m. According to the 
Government Committee on Sevan, water level will have 
reached 1903.5 by 2029 (Vardanian 2012). 

Aquatic organisms population recovery (National 
Research Council 1992) is an important factor of lake 
ecosystem recovery. Mollusks are an important part in food 
chains of freshwater lake ecosystems (Runck 2007) and 
they play a major role in distributing elements between the 
lake water and bottom sediments (Hussain and Pandit 
2012; Krupnova et al. 2015; Krupnova et al. 2017). There 

is no study of mollusks and limited studies (Jenderedjian et 
al. 2012; Shcherbina 2013) of benthic macroinvertebrate 
community in Lake Sevan during reсent years.  

The aim of the work is to study mollusks biodiversity in 
Lake Sevan after water level restoration.  

MATERIALS AND METHODS 

Study area 
Lake Sevan in Armenia is a unique ecosystem that is 

exposed both to natural factors (geochemical anomalies, 
active tectonics, landslide activity, and natural fluctuations 
of the water level in the lake) and to anthropogenic 
activities (economic activities, artificial water-level 
fluctuations). The lake basin is 1262 km2 and presents a 
huge tectonic depression closed by mountains all around 
except to the North-West, where the watershed line goes 
down the lake level, and where the only dump Hrazdan 
River originates.  

The lake is situated between 40°19′ N and 45°21′ E, at 
an at an altitude of 1,900 m above sea level and is 
composed of two parts, Malyi Sevan and Bolshoi Sevan, 
differing both in the origin and time of formation 
(Shcherbina 2013). 30 large and small rivers including two 
big springs flow into Lake Sevan. 4 rivers flow into Malyi 
Sevan, the rest – into Bolshoi Sevan. The river network 
around the perimeter of the lake and in the relevant parts of 
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the basin is distributed unevenly. It is much less in the pool 
of the Malyi Sevan. There are so-called closed areas. 
Especially dense river network covers the South coast. 
Numerous rivers and temporally active watercourses drain 
from the North-East coast (RABE 2010). The Sevan trout, 
Salmo ischchan (Kessler, 1877), is an endemic fish species 
of Lake Sevan in Armenia (Bogdanowicz et al. 2017). 

Since 1933, when the Sevan-Hrazdan irrigation-energy 
complex was built, and in 1937-1962, when the lake water 
was intensively used for the development of agricultural 
industry in the adjacent territories, there were man-made 
fall in water level, water quality impairment, and transition 
from oligotrophic to mesotrophic status of the lake 
(Gabrielyan and Khosrovyan 2004). 

From 1978, when the National park Sevan and channels 
Arpa-Sevan, Vorotan-Arpa were built, water level rose, and 
it had increased by 360.5 cm by 2011 (Krylov et al. 2013).  

In 2005-2009, in the framework of the Russian-
Armenian biological expedition, a comprehensive study of 
hydrological and biological regime of Lake Sevan in the 
initial period of its water level rise was carried out (RABE 
2010). The flora and vegetation of the lake and its 
tributaries, the structure of plankton and benthic 
communities were described in that research. It was shown 
that the water level rise contributed to the positive 
dynamics of populations of biota. So, there have been 
significant changes in species structure and number of fish 
population. The species richness of zooplankton and the 

appearance of two new for the lake species of Cladocera 
family among the dominants were observed (Krylov et al. 
2013). However, by 2011, the stocks of fish in the pelagic 
zone of the lake dropped to its lowest values ever recorded 
(Krylov et al. 2013). 

In 2011 a complex assessment of the ecological state of 
Lake Sevan was given relying on the research that proved 
the necessity to monitor water and environment of the 
coastal areas constantly. Located on the territory of the 
National park Lake Sevan is currently under a serious 
human-made impact being actively exploited in 
recreational aims. There is data of increasing 
eutrophication of the lake at the present stage, which may 
be caused by several reasons. For example, the removal of 
nutrients from the watershed as a result of water level rise 
and flooding of soils, the growth of the mining sector and 
the pollution of basins of the watershed of Lake Sevan 
(Gevorgyan et al. 2016). 

Unfortunately, insufficient hydrobiological shooting 
during the vegetation period does not allow the authors to 
be certain about the current state of Lake Sevan. Available 
hydrochemical data of the lake water and the changing 
parameters of aquatic organisms communities indicate the 
ongoing process of eutrophication (Krylov et al. 2013; 
Krylov et al. 2015). The trophic status of the lake is 
expected to vary in the future, and it will acquire additional 
features of the eutrophication process associated with 
fouling, benthic fauna, macrophytes overgrowing.  

 
 

 

  
 

Figure 1. Location of Lake Sevan, Armenia and sampling sites-sections: 1. Vardenis, 2. Martuni, 3. Gavar, 4. Modelnyi, 5. Chambarak 
and 6. Babadzhan 
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Sample collection 
Sample collection was carried out in June-July, 2016-

2017. Six sites sections were determined for Lake Sevan, 
Armenia, namely: Vardenis, Martuni, Gavar, Modelnyi, 
Chambarak and Babadzhan (Figure 1).  

Most of the collected samples are of high quality as the 
aim of the current work was to study diversity of 
gastropods. Mollusks were gathered manually or with a 
scraper in shallow waters, and on the coasts - from those 
washed ashore. Sample collection was partly made during 
hydrobiological shooting with the help of the Petersen 
dredge (1/40 m2). In the field, samples were fixed with 
spirit 96 %, after that, in cameral conditions, the gathered 
material was put in spirit 70 %. The species composition of 
gastropods was identified using manual of Armenia 
mollusks (Akramovsky 1976) and collections of Scientific 
Centre of Zoology and Hydroecology NAS RA. The 

nomenclature of species is made according to the analytical 
catalog of freshwater mollusks of Russia (Vinarski and 
Kantor 2016). 

RESULTS AND DISCUSSION 

Results 
Mollusks in Lake Sevan were presented by 11 species 

belong 4 families and 2 classes (Table 1, Figure 2). Class 
Gastropoda was presented by 3 families Lymnaeidae, 
Planorbidae, and Valvatidae. The maximum number of 
species (6) was recorded for Lymnaeidae. We found only 
one species of Bivalvia. The most abundant species was 
Lymnaea stagnalis (Linnaeus, 1758). Among all the 
studied species there was none that was met in all the sites. 

 
Table 1. Richness and abundance of mollusks in Lake Sevan, Armenia  
 

Species 
Sites 

1 2 3 4 5 6 
Class: Gastropoda  

Lymnaeidae  
Lymnaea stagnalis (Linnaeus, 1758) 32 - 50 16 23 11 
Radix auricularia (Linnaeus, 1758) 1 7 5 4 2 5 
R. tumida (Held, 1836)       
R. balthica (Linnaeus, 1758) - - 4 10 - 6 
R. lagotis (Schrank, 1803) 13 6 2 9 - - 
Galba truncatula (O. F. Müller, 1774) 6 - - 5 - - 

Planorbidae  
Planorbis planorbis (Linnaeus, 1758) 18 - 6 13 3 5 
Bathyomphalus contortus (Linnaeus,1758) 7 6 - - 6 - 
Gyraulus acronicus (Férussac, 1807)       

Valvatidae 
Valvata piscinalis (O. F. Müller, 1774) 40 - - - - - 

 

Class: Bivalvia 
Sphaeriidae 

Euglesa casertana (Poli, 1791) - 43 -   10 
 
 

 
 

Figure 2. Different species of molluscs from Lake Sevan. A. L. stagnalis, B. R. auricularia, C. R. tumida, D. R. balthica, E. R. lagotis, 
F. G. truncatula, G. P. planorbis, H. B. contortus, I. G. acronicus, J. V. piscinalis, K. E. casertana 

A B C D E F 

G H J K I 
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Discussion 
In the upper littoral zone of the rocky areas and in the 

thickets of macrophytes of Lake Sevan (to a depth of 5 m), 
the most common are gastropods. The representatives of 
Valvatidae inhabiting the sublittoral from its upper border 
to the profundal play a significant role in malacofauna of 
the lake. Changes in the littoral have had an impact on the 
distribution of gastropods, the majority of which was 
related to large-stoned and rocky area of the upper littoral 
zone. In the upper littoral gastropods remain in the thickets 
of submerged plants. A large number of Bivalvia was 
registered in site 2. Bivalves reach their maximal 
development within 5-10 m deep in Lake Sevan and about 
mostly they live up to 40 m deep. 

There are a few literature data on richness of mollusks 
before man impact to Lake Sevan. It was noted (Oganesyan 
et al. 2013) that species of the family Lymnaeidae such as 
L. stagnalis, R. lagotis, R. balthica and R. persica  lived in 
Lake Sevan in the 1930s. In the period 1928-1955 biomass 
of gastropods was ranged from 0.03-0.13 g/m2. In 1962-
1979 gastropod biomass was increased and it was 
amounted to about 0.4 g/m2 (Oganesyan et al. 2013). In 
1990-2004, the biomass of gastropods was begun to 
decrease to 0.05-0.08 g/m2, L. stagnalis was the dominant 
species of gastropods in the littoral (Oganesyan et al. 
2013). As it can be seen in Table 1, L. stagnalis continues 
to belong to the dominant species. R. lagotis, R. balthica 
and R. persica were presented in Lake Sevan. In 1976–
2004 gastropods of the families Lymnaeidae, Planorbidae 
and Valvatidae were registered (Jenderedjian et al. 2012). 
Gastropods were not found during the expeditions 2005-
2009 (RABE 2010). In 2016-2017 we found 10 species of 
gastropod: L. stagnalis, R. auricularia, R. tumida, 
R. balthica, R. lagotis, G. truncatula, P. planorbis, 
B. contortus, G. acronicus and V. piscinalis. It is possible 
to observe restoration of the population of gastropod in 
Lake Sevan. 

According to the literature data, bivalves were 
represented only by genus Euglesa in Lake Sevan since the 
1930s. In the present time part of species are in genus 
Pisidium. Seven species of bivalves were represented in 
1954. There were Euglesa cingula (Gojdics, 1953), 
Pisidium nitidum (Jenyns, 1832) (the unaccepted name 
E. nitida (Jenyns, 1832), E. casertana (Poli, 1791), 
P. milium (F. Held, 1836) (the synonym P. tetragonum 
(Normand, 1854), the unaccepted name E. tetragona 
(Normand, 1854), P. nitidum (Jenyns, 1832) (synonym 
P. nitidum fedderseni (Westerlund, 1890), the unaccepted 
name E. fedderseni (Westerlund, 1890) and P. personatum 
(Malm, 1855) (the unaccepted name E. personata (Malm, 
1855). P. milium has disappeared in 1954-1978 
(Ghukasyan 1990; Jenderedjian et al. 2012). Studies 
conducted in 1954-1989 showed that E. cingula, P. nitidum 
and E. casertana were dominant species (Ghukasyan 
1990). The share of E. casertana increased with the 
increase in the trophicity of the lake because that species 
has a greater resistance to reduce the oxygen content in the 
lake water.  

Only two species of bivalves, E. casertana and 
P. subtruncatum (Malm, 1855) were found during the 

expeditions 2005-2009 (RABE 2010). P. subtruncatum was 
registered for the first time in Lake Sevan. Also 
P. subtruncatum was found in 2010 (Shcherbina 2013). In 
our work, we found only E. casertana. Most of the bivalves 
species were lost with the growth of water level. 

The reduction of the bivalves richness occurred at the 
stage of lowering the water level because they are sensitive 
to the change of environment. Opposite, Family 
Lymnaeidae has the greatest abundance and richness. An 
ability to adapt to survive in dry season lets pulmonary 
mollusks populate any waterbodies successfully. 

In conclusion, the Lake Sevan is characterized by a 
small population of mollusсs throughout the history of its 
study from the 1930s to the present day. In 2016-2017 we 
found 11 mollusks species (10 gastropods and 1 bivalve). 
The dominant species of gastropods is preserved 
L. stagnalis. Gastropods richness has increased compared 
time before man impact to Lake Sevan. The number of 
species of bivalves has been reduced to a single species 
E. casertana. Family Lymnaeidae has the greatest 
abundance and richness. So, the biodiversity of pulmonary 
mollusks is stable in Sevan lake.  
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Abstract. Janatiningrum I, Solihin DD, Meryandini A, Lestari Y. 2018. Comparative study on the diversity of endophytic actinobacteria 
communities from Ficus deltoidea using metagenomic and culture-dependent approaches. Biodiversitas 19: 1514-1520. Actinobacteria 
endophytes of medicinal plants may play an essential role in producing a variety of critical bioactive compounds. However, the possible 
contribution of such actinobacteria to the pharmacological properties of traditional herbal remedies remains mostly unknown. For 
example, the diversity and attributes of actinobacteria endophytes in Ficus deltoidea, a small tree species that has long been used to treat 
diseases such as cancer, diabetes, and cardiovascular illnesses, have not been explored. Here, the actinobacteria endophyte community 
structure in F. deltoidea was investigated using both culture-dependent and metagenomics approaches. Based on morphological 
characteristics and 16S rRNA gene analysis, the dominant culturable actinobacteria isolates exhibited a close relationship with 
Streptomyces. The metagenomic technique using PCR-DGGE analysis of the 16S rRNA gene showed the presence of 11 OTUs in F. 
deltoidea tissue. Whereas the dominant culturable actinobacteria endophytes in F. deltoidea was Streptomyces, the metagenomic 
approach showed non-Streptomyces, particularly Rhodococccus and Verrucosispora, to be also important. Thus, results from both 
culture-dependent and metagenomic approaches provided useful indicators on the diversity and community structure of actinobacteria 
endophytes in F. deltoidea. 

Keywords: Actinobacteria, Endophytes, Ficus deltoidea, Metagenomic, PCR-DGGE  

INTRODUCTION 

Ficus deltoidea, a medicinal plant native to Indonesia 
and other parts of Southeast Asia, is traditionally used as a 
treatment for some diseases such as cancer, diabetes, and 
cardiovascular illnesses (Abdulla et al. 2010; Akhir et al. 
2011). However, it is still unclear as to whether the 
bioactive compounds reputedly responsible for its effects 
are produced by the plant itself or by microbes including 
endophytic actinobacteria. Microbial endophytes are 
essential for the survival of many plants. They are microbes 
that live in the plant tissues without causing substantive 
harm to their hosts which benefit from useful secondary 
metabolite compounds that the endophytes produce (Kado, 
1992). Such microbial endophytes are beginning to attract 
the attention of researchers due to their ability to produce 
various compounds of pharmacological value. Hence, it is 
not inconceivable that the bioactive compounds believed to 
be present in F. deltoidea may be the result of its 
interaction with actinobacteria endophytes in the plant 
tissue.  

While the study of endophytic actinobacteria diversity 
is necessary, the primary constraint in studying its diversity 
lies in the fact that the culturable microbes in this group are 
thought to constitute less than 1% of the total, with the 
remaining 99% being unculturable microbes (Sekiguchi, 

2006). There is lack of data regarding the diversity and 
pharmacological potential of endophytic actinobacteria 
associated with F. deltoidea. It is therefore essential to seek 
strategies to uncover the diversity of both culturable and 
unculturable endophytic actinobacteria. Metagenomics is a 
widely applied approach for assessing endophytic 
microbial diversity since it can be performed without prior 
culturing of the microorganisms under investigation 
(Patrick and Handelsman, 2005). It is, hence, suitable for 
studying the diversity of endophytic actinobacteria from F. 
deltoidea. DGGE (Denaturing Gradient Gel 
Electrophoresis) is one of the most effective metagenomics 
techniques. In DGGE analysis, the DNA fragments with 
the same length but different nucleotide sequences are 
separated in polyacrylamide gels set in a linear denaturing 
gradient based on the differences in the mobility of the 
PCR-amplified DNA molecules (Muyzer and Smalla 
1993).  

The objective of the present study was to assess the 
diversity of endophytic actinobacteria from F. deltoidea 
using both the cultivation and metagenomic approaches. 
The use of these two different approaches allows for a 
more comprehensive acquisition of information on the 
actinobacteria endophytic community in F. deltoidea. This 
research presents the first description of the actinobacteria 
endophytic community in F. deltoidea.  
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MATERIALS AND METHODS  

Sample collection and actinobacteria endophytes 
isolation  

Endophytic actinobacteria were isolated from various 
parts (root, stem, leaf, and fruit) of the F. deltoidea plant in 
the Collection of the Medicinal Plants Garden of the 
Biopharmaca Research Center, Bogor Agricultural 
University in Bogor, Indonesia. Surface-sterilization of the 
plant tissue samples was performed according to Coombs 
and Franco (2003), with some modifications. Samples were 
soaked in 70% alcohol for 1 minute, then soaked in 1% 
sodium hypochlorite (NaOCl) for 5 minutes, then in 70% 
alcohol for 1 minute. The final step samples were rinsed 
using sterile distilled water 3 times. About 1 g of samples 
were crushed, and serial dilutions of up to 10-3 were carried 
out. A 100 μL sample of the suspension was then plated on 
Humic Acid Vitamin agar (HVA) medium containing 50 
ppm of griseofulvin and 30 ppm nalidixic acid and 
incubated for 14 days at room temperature (25-28o C). 
Actinobacteria colonies that grew on the agar medium were 
purified on International Streptomyces Project (ISP) 2 
medium. 

Morphological characterization 
Morphological identification of the isolated 

actinobacteria endophytes was carried out by plating them 
on three different media, viz. ISP 2, ISP 4, and Yeast Starch 
Agar (YSA). Identification was carried out based on 
mycelium substrate color, aerial mycelium color, and 
pigmentation using the RAL color chart. The bacterium 
microstructure was examined using a light microscope at a 
magnification of 4 × 10. 

16S rRNA gene identification of culturable 
actinobacteria endophytes 

Actinobacteria endophytes were identified through 
molecular analysis of the bacterium's 16S rRNA gene. The 
spores and mycelia of the actinobacteria endophytes were 
collected in 1.5 mL microtubes and extracted using the 
Geneaid Presto Mini gDNA Bacteria Kit according to the 
manufacturer’s protocol. The concentration and purity of 
the DNA were quantified using the Nanodrop 2000 
spectrophotometer (Thermo Scientific, USA). Genomic 
DNA was amplified using the Polymerase Chain Reaction 
(PCR) with 16S-specific primers for actinobacteria, viz. 
16Sact1114R and 27F (Table 1).  

 
Table 1. Primers of 16S rRNA gene used for PCR amplification 
 
Primer Sequence (5’-3’) References  
27F  AGAGTTTGATCCTGGCTCAG Bruce et al. 

(1992) 
16Sact1114R  GAGTTGACCCCGGCRGT  Martina et al. 

(2008) 
P338F  ACTCCTACGGGAGGCAGCAG  Overeas et al. 

(1997)  
P518R  ATTACCGCGGCTGCTGG  Overeas et al. 

(1997) 
GC clamp CGCCCGCCGCGCGCGGCGGG

CGGGCGGGGGCACGGGGGG  
Overeas et al. 
(1997) 

The PCR conditions were as follows: Pre-denaturation 
at 94 °C for 5 minutes, 35 cycles of denaturation at 92 °C 
for 1 minute, annealing at 53 °C for 30 s, elongation at 72 
°C for 30 s, and post-elongation at 72 °C for 3 minutes. 
Following gel electrophoresis and EtBr staining, the 
amplification results were visualized using a UV 
transilluminator. The PCR product was sent for sequencing 
to sequencing services company. The results obtained were 
analyzed using Seqtrace software. The actinobacteria were 
identified by entering the primary data on the EzBioCloud 
web. Phylogenetic tree was subsequently constructed using 
MEGA 7 software using a 1000 replication-bootstrap 
analysis and the neighbour-joining method (Saitou and Nei 
1987).  

Metagenomic analysis was using total genomic DNA 
extracted from plant tissue used to examine the genetic 
diversity of the actinobacteria endophytes. About 0.5 g of 
plant samples (root, stem, leaf or fruit) were crushed in 
liquid nitrogen. The DNA was extracted using the DNA 
Mini Plant Kit (Geneaid, Shijr, TPE, TW), following the 
manufacturer’s instructions. After checking its 
concentration and purity, the DNA was amplified using 
nested PCR technique. The first PCR primers used were 
27F and 16Sact1114R, while the second pair comprised the 
338F primers with GC clamp and 518R primers (Table 1). 
The first PCR product was used as the template for the 
second PCR. The amplification results were visualized on a 
UV transilluminator following gel electrophoresis and EtBr 
staining. 

Denaturing Gradient Gel Electrophoresis (DGGE) 
analysis 

DGGE analysis was conducted using the Universal 
Code Mutation Detection System (Bio-Rad, Hercules, CA, 
USA). About 15 μL DNA sample and 8 μL loading dye 
were run on a 8% polyacrylamide gel (Acrylamide-
Bisacrylamide [37.5: 1]) in 7 L TAE 1× using as denaturant 
urea adjusted to a 30-70% gradient (100% Urea 8.4 g, 8 
mL formamide, 50 × TAE 0.4 mL, Acrylamide-
Bisacrylamide 4 mL). The samples were migrated at 60°C, 
150 volts for 5 hours (Ernawati et al. 2016). The DGGE gel 
was then stained with EtBr and visualized using a G: BOX 
(Syngene, Frederick, MD, USA). The separated DGGE 
bands were analyzed by using CLIQS 1D Pro software to 
estimate the total number of bands. The separated bands 
were cut using a sterile scalpel and placed into microtubes 
containing 100 μL of ddH2O and incubated at 4°C overnight.  

Sequencing, phylogenetic tree construction, and 
clustering analysis 

DNA eluted from the DGGE bands were evaluated with 
Nanodrop 2000 to determine the concentration and purity 
of the DNA. About 50 μL (~ 50 ng) of the DNA was re-
amplified using the 338F and 518R primers without GC 
Clamps, and the PCR product was sent for sequencing. The 
results were analyzed with Seqtrace software and the DNA 
identities established using EzBioCloud web. Phylogenetic 
analyzes were performed using MEGA 7 with a 1000 
replication-bootstrap analysis and the neighbor-joining 
method (Saitou and Nei 1987). 



 BIODIVERSITAS 19 (4): 1514-1520, July 2018 

 

1516

Cluster analysis is used to compare similarities all 
samples based on DGGE band position. An analysis of the 
clustering of endophytic actinobacteria community from F. 
deltoidea using data binary and constructed UPGMA tree 
using MEGA 7 (Kumar et al. 2008) 

Data analysis 
The Shannon-Wienner diversity index was used to 

calculate the abundance of endophytic actinobacteria in F. 
deltoidea using past 3 software (Felsenstein, 1985). The 
DGGE bands were analyzed using the CLIQS 1D pro to 
determine the volumes operation taxonomic units (OTU) 
which indicate the abundance evenness of actinobacteria in 
each band representing an actinobacteria endophytic 
community. The calculation of the diversity index using the 
Shannon-Wiener index (H') was carried out (Hill et al. 
2003). 

The Simpson diversity index indices were used to 
calculate evenness of endophytic actinobacteria in 
F.deltoidea. Evenness is a measure of the relative 
abundance of the different communities making up the 
richness of a sample. The calculation of the dominance 

index using Simpson index (S) was carried out using pas 3 
software (Simpson 1949).  

RESULTS AND DISCUSSION 

The diversity of culturable endophytic actinobacteria   
A total of 40 actinobacteria endophytes were 

successfully isolated from F. deltoidea. Amongst them, 
60%, 20%, 15 % and 5% of isolates were obtained from the 
leaf, stem, root, and fruit, respectively. There were four 
different strains based on the color of the cultures, i.e., pure 
white, silk grey, pebble grey, moss grey, and ivory. Nine 
isolates were selected for molecular identification. Based 
on morphological characteristics, the culturable endophytic 
actinobacteria from F. deltoidea in the present study 
appeared to be of the genus Streptomyces (Shirling and 
Gottlieb 1966). Sequence homology results using 
EzBioCloud showed that the nine isolates for which 16S 
rRNA molecular identification was performed bore 
similarity to the genus of Streptomyces, this being consistent 
with their morphological characterization (Table 2).  

  
 

Table 2. The similarity of culturable actinobacteria endophytes to GeneBank references strains based on 16S rRNA sequences 
    
No Code Species Strain Similarity (%) Accession number  
1 TBL2 Streptomyces alboflavus NRRL B-2373(T) 98.76 JNXT01000131 
2 TBL3 Streptomyces tritolerans DAS 165(T) 99.63 DQ345779 
3 TBL4 Streptomyces alboflavus NRRL B-2373(T) 98.48 JNXT01000131 
4 TBL24 Streptomyces tendae ATCC 19812 (T) 99.91 D63873 
5 TBL25 Streptomyces tendae ATCC 19812(T) 99.62 D63873 
6 TBL32 Streptomyces galbus DSM 40089(T) 99.15 X79852 
7 TBR2 Streptomyces alboflavus NRRL B-2373(T) 98.69 JNXT01000131 
8 TBR4 Streptomyces alboflavus NRRL B-2373(T) 98.69 JNXT01000131 
9 TBF2  Streptomyces longwoodensis DSM 41677(T) 100 KQ948572 
 

 
Figure 1. Neighbour-Joining tree of 16S rRNA gene of actinobacteria endophytes. Numbers at each nodes indicate the percentages of 
branch support of 1,000 bootstrap replicates. Bar 0.01 indicates nucleotides substitution per site. 

Outgroup 

Streptomyces 



JANATININGRUM et al. – Diversity endophytic actinobacteria from Ficus deltoidea 

 

1517

 
An examination of the phylogenetic tree (Figure 1) 

showed that the strains TBL 2, TBL 4, TBR 2, and TBR 4 
were similar to Streptomyces alboflavus strain NRRL B 
2372 (98% similarity). TBF 2 had similarity with S. 
longwoodensis (100%), TBL 32 has homology with S. 
galbus (99%), while TBL 24, TBL 25, and TBL3 isolates 
had > 99% homology with S. tendae and S. tritolerans. 
Actinomadura, a non-Streptomyces, has been incorporated 
as an outgroup in the phylogenetic reconstruction. 

The diversity of endophytic actinobacteria determined 
by the metagenomic approach  

In the metagenomic approach, the community structure 
of endophytic actinobacteria was assessed using the PCR-
DGGE technique. The amplified PCR product contained a 
total of 11 separated bands which were excised from the 
polyacrylamide gel (Figure 2A). The band distribution 
pattern indicated the presence of several communities of 
actinobacteria in the sample. The CLIQ 1D pro program 
was used to interpret the result of separated DGGE bands 
from the polyacrylamide gel (Figure 2B). The Shannon-
Wienner (H') index that was used to appraise the 
actinobacteria endophyte community based on the 16S 
rRNA gene ranged from 1.191 to 2.094 for isolates from 
the different parts of the plant. The highest diversity index 
was found in the stem, while the lowest was found in the 
fruit. However, diversity in all four parts of the plants was 
still moderate as the indices fell within the Shannon index 
range of 1> H> 3.5 (Table 3). In this study, the Simpson 
index ranged from 0.65 to 0.87, indicating an evenness of 
F. deltoidea endophytic actinobacteria that was moderate to 
high in diversity. 

 
 
 

 
 

 
 

A B 
 
Figure 2. A. DGGE profile of actinobacteria endophytes from F. 
deltoidea based on 16S rRNA gene. B. Illustration of DGGE 
bands using 1D Phoretix software showing 1-11 excised bands. 
Line 1 ( Fruit), 2 (Leaf), 3 (Root), and 4 (Stem) 

Table 3. The alpha diversity indices of actinobacteria operational 
taxonomic units (OTUs) from samples root, stem, leaf, and fruit 
F. Deltoidea  
 

Samples No. of OTU Shannon Simpson 

Root 7 1.82 0.82 
Stem 9 2.09 0.87 
Leaf 4 1.19 0.65 
Fruit 4 1.31 0.71 
 
 

 
 
 
Figure 3. Clustering of similarity actinobacteria endophytes 
community found in F. Deltoidea using UPGMA. The scale 
below the dendrogram represents the evolutionary distance value.  
 
 
 

Clustering analysis, which compared the similarity 
among the samples based on the position of the DGGE 
band, divided the plant samples into two main 
actinobacteria community structures. The cluster analysis 
based on the bands distribution patterns showed that the 
community of actinobacteria in the root and stem with 
endophytic actinobacteria in fruit and leaf have similarities 
<50%. Meanwhile, endophytic actinobacterial community 
patterns on the leaf and fruit have >95% similarity. Root 
and stem have 60% similarity to their respect community 
of endophytic actinobacteria. The pattern of stem 
endophytic actinobacteria community was closer to that of 
the root than of the population found in the leaf or the fruit 
(Figure3). 

Of the 11 separated bands obtained from the DGGE 
approach, ten bands were successfully amplified and 
sequenced. The sequences were aligned to the reference 
data available in GenBank using EzBioCloud web (Table 
4). Band 1 showed 100% similarity to an uncultured 
actinobacterium clone. Band 2 had 98.32% similarity to 
Kineospora rhizophila strain DSM 44908, while Band 3 
had 99.44% homology with Streptomyces jeddahensis 
strain G25. Bands 4 and 7 showed similarities to 
Streptomyces gamaensis strain NEAU Gz11 (99.44%). 
Band 5 had 99.42% homology with Streptomyces 
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rapamysinnicus strain NRRL B 549. Band 6 displayed 
98.87% identity with Actinomadura algenensis strain 
ACD1 while Band 8 had 97.79% similarity with 
Intrasporangium calvum strain DSM 40543. Band 10 
showed 96.20% homology with Verrucosispora 
gifhomensis DSM 44337. The 11th band had a close 
relationship (99.88%) with Rhodococcus kroppenstedtii. 
Strain DSM 44908. The phylogenetic tree analysis 
presented in Figure 4 incorporates Streptococcus mutans as 
an outgroup. The metagenomic approach showed generally 

higher diversity due to the emergence of the F. deltoidea 
non-Streptomyces genera that were not culturable. 

The OTU relative abundance chart lists the genera from 
highest to lowest abundance in different parts of the plant 
(Figure 5). It can be seen that the OTUs of 4, 10 and 11 
occurred in every part of the plant examined. OTU 1 
appeared in every part of the plant except the root, whereas 
OTU 3 and OTU 9 were found only in the root and stem. 
OTU 5 and 7 were found just in the stem, while OTU 2, 6, 
and 8 were only isolated from the roots (Figure 6). 

 

 
 
 
Table 4. Percent similarity of the sequences of 16S rRNA gene from actinobacteria endophytes from F. deltoidea using PCR-DGGE. 
 
Band code Species Strain Similarity (%) Accession number  
1 Uncultured actinobacterium clone 3G1820-35  - 100  
2 Kineospora rhizophila DSM 44908 98.32 FR749986 
3 Streptomyces jeddahensis G25 99.44 LOHS01000151 
4 Streptomyces gamaensis NEAU Gz11 99.44 KT963951 
5 Streptomyces rapamysinnicus NRRL B 5491 99.42 EF408733 
6 Actinomadura algenensis ACD1 98.87 KT259320 
7 Streptomyces gamaensis NEAU Gz11 99.44 KT963951 
8 Intrasporangium calvum DSM 40543 97.79 GCA000184685.1 
9 Unidentified - - - 
10 Verrucosispora gifhomensis  DSM 44337 96.20 AF131630.1 
11 Rhodococcus kroppenstedtii DSM 44908 99.88 jgi.1107894 

 
 
 
 

 
 
Figure 4. Neighbour joining tree community structure of actinobacteria endophytes F. deltoidea based on 16S rRNA using PCR-DGGE. 
Numbers at each nodes indicate the percentages of branch support of 1,000 bootstrap replicates. Bar 0.02 indicates nucleotides 
substitution per site 
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Discussion 
The distribution of culturable actinobacteria endophytes 

in the F. deltoidea tissue was based on the number of 
colonies that grew on each part of the plant. The leaf was 
the part mostly colonized by actinobacteria endophytes. 
About 60%, 20%, 15%, and 5% of actinobacteria 
endophytes lived in the leaf, stem, root, and fruit tissue of 
F. deltoidea, respectively. The leaf of F. deltoidea is the 
plant part most widely used by local communities as 
traditional medicine to treat various illnesses because it 
contains bioactive compounds. It is possible that the 
bioactive compound production may be influenced by 
endophytic actinobacteria that live in plant tissues (Qin et 
al. 2011).  

 
 
 
 

 
 
Figure 5. Abundances of different genera in actinobacteria in 
samples of root, stem, leaf, and fruit base on OTU. The same 
actinobacteria genera are displayed in the same pattern 
 
 
 
  
 

 
 
Figure 6. Venn diagrams of actinobacteria showing OTU in each 
f the samples; stem (A), root (B), Leaf (C), and Fruit (D) in F. 
deltoidea. The numbers indicate shared and unique OTUs in the 
four types of samples  

In the present research, all isolates of actinobacteria 
endophytes that were cultured on HVA medium appeared 
to belong to the genus Streptomyces based on their 
morphological characters and their 16S rRNA genes. 
Streptomyces is the most abundant genus of the 
actinobacterium phylum. There are about 7630 secondary 
metabolite compounds produced by actinobacteria that are 
derived from Streptomyces (Qin et al. 2011). The original 
habitat, the soil may also influence the capability of 
Streptomyces especially its various endophytic species to 
produce a variety of secondary metabolites.   

The metagenomic approach was used to investigate the 
diversity of microorganisms as a whole without invoking 
the culturing steps. PCR-DGGE is a simple but widely 
accepted metagenomic method to examine the diversity of 
a microbial community. The relative abundance of the 
OTUs based on the 16S rRNA gene was analyzed to 
illustrate the relationship between abundance and evenness 
of the actinobacteria endophytic community in each part of 
the plant. It aimed to determine the distribution of 
actinobacteria endophytes isolated from each part of the 
plant. In the present study, the number of actinobacteria 
communities, based on the OTU value of each sample, was 
dissimilar in different parts of the plant. The root and stem 
had nine and six OTUs respectively, the difference not 
being statistically different. It appeared that the root and 
stem had higher actinobacteria endophyte diversity 
compared with the leaf or fruit. Actinobacteria endophyte 
diversity also varied among individual plants. 

The relatively high diversity of endophytic 
actinobacteria found in the stem and root may indicate that 
the endophytic actinobacteria colonization originated from 
the soil (Mahyarudin et al. 2015), with actinobacteria in the 
rhizosphere first colonizing the root, aided by the root 
chemotactic signals (Berendsen et al. 2012). The Shannon 
and Simpson indices were used to determine both diversity 
and evenness of the endophytic actinobacteria in F. 
deltoidea tissue. The Shannon-Wienner (H') diversity 
analysis was used to estimate the microbial diversity in 
each sample based on the volume of the DGGE band 
analyzed using the CLIQS 1D pro software. The diversity 
index of endophytic actinobacteria in the F. deltoidea was 
moderate, falling within the Shannon index range of 1> H> 
3.5. The Simpson index was used to determine the level of 
dominance or evenness of a community. On a scale of D = 
0 (no dominant species) to D =1 (dominant species 
prevailing), endophytic actinobacteria in the F. deltoidea 
that ranged from 0.65 to 0.87 indicated no predominance of 
any species and evenness of actinobacteria that were 
moderate to high in diversity.  

The abundance of actinobacteria endophytes in F. 
deltoidea is attributed to six genera, viz. Streptomyces, 
Verrucosispora, Rhodococcus, Kineospora, 
Intrasporangium and Actinomadura, and one OTU having 
similarity with uncultured actinobacterium. There were 11 
different actinobacteria endophytic communities (11 
different OTUs), but not all the communities were evenly 
distributed throughout the plant. Amongst them, only three 
OTUs were present in all the parts of the plant, viz. OTU 4 
(Streptomyces), OTU 10 (Verrucosispora), and OTU 11 
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(Rhodococcus). According to relative abundance, these 
three dominant genera might have essential roles in 
producing various kinds of bioactive compounds that exist 
in the F. deltoidea plants. Also, the presence of the same 
OTU in every part of the plant examined suggested that 
certain actinobacteria endophytes might have migrated 
throughout the plant. However, it is possible that only some 
endophytic actinobacteria could thrive in the distal tissues 
of the leaf and fruit, leaving the highest diversity found in 
plant tissues close to the soil. The endophytes could have 
originated from the surrounding environment of the plant, 
such as the rhizosphere or the phyllosphere. They might 
enter the plant tissue through stomata, lenticels or physical 
injuries or areas in which the lateral roots grow (Shimizu et 
al. 2011). 

The cultivated endophytic actinobacteria had 
morphological characteristics similar to those of the genus 
of Streptomyces. This finding was consistent with the 
molecular identification based on the 16S rRNA gene, 
which also showed that the cultured isolates had close 
similarity with Streptomyces sp. On the other hand, based 
on the metagenomic approach using PCR-DGGE, 11 
different communities of endophytic actinobacteria were 
isolated in the F. deltoidea tissue, four of which were 
Streptomyces. The other communities were of the non-
Streptomyces groups, viz. Verrucocispora, Kineospora, 
Rhodococcus, Intrasporangium, and Actinomadura. 
Regarding abundance based on OTUs, Verrucocispora, 
Streptomyces, and Rhodococcus were prominent. The 
OTUs data from F. deltoidea put the Streptomyces 
community in second place after the Rhodococcus 
community. These data differed from the cultivation 
results, probably due to the differing culture requirements 
that might favor some actinobacteria over others when 
plated on a specific culture medium (Jiang et al. 2007; Sun 
et al. 2010). For example, the Humic Vitamin Agar (HVA) 
medium, a selective medium that suppresses the growth of 
Gram-negative bacteria, could favor Streptomycetes, fungi, 
and fast-growing bacteria. The composition of medium 
containing poor nutrients causes this medium to suit only 
bacteria that can adapt to the minimal nutrients such as 
Streptomyces. Moreover, actinobacteria colonies that were 
initially isolated on HVA were subsequently purified on 
International Streptomyces Project (ISP) 2 medium that 
favored the growth of Streptomyces. Hence, alternative 
culture media might be considered to isolate other 
culturable endophytic actinobacteria besides Streptomyces 
in future research. On the whole, nevertheless, the 
metagenomic approach can be said to be more useful in 
describing the diversity of endophytic actinobacteria 
existing in the F. deltoidea plant tissue. 
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Abstract. Naufal M, Jayaraj KA. 2018. Short Communication: First report of Thalamoporella rozieri (Bryozoa: Thalamoporellidae) 
from Andaman waters with reference to its epibiotic colonization on marine sponges. Biodiversitas 19: 1521-1526. Bryozoans are 
aquatic, sessile, colonial, fouling invertebrates, which are found in most marine habitats. Considering the ecological and economic 
consequence due to the biofouling behavior of bryozoans, a far-reaching study has been carried out on it throughout the world. 
However, Andaman waters are lacking the bryozoan research for last nine decades. A study on the bryozoan distribution in the littoral 
region in the eastern coasts of the Andaman Islands was carried out during August 2016. This is the first study on the intertidal 
bryozoans of Andaman Islands and identified a new report of bryozoan Thalamoporella rozieri from Andaman and Nicobar Waters. 
Tuberosities in the present T. rozieri colonies are large. The minute calcareous spicules are also examined. Our study has also come 
across an interesting association in which the epibiont bryozoan T. rozieri adhere to the basibiont sponge Placospongia sp on a big rock. 
The colony of epizoic T. rozieri on the sponge was lengthier and continuous than on other inert host substrata. This may be because of 
active substrate selection by settling larvae. As both are filter feeders, no deleterious effect was noticed either in the basibiont side of 
Placospongia or in the epibiont side of T. rozieri. 

Keywords: Andaman and Nicobar Islands, bryozoan, Cheilostomata, epibiont, Thalamoporella rozieri 

INTRODUCTION 

Bryozoans are known to be an important component of 
suspension feeding, colonial animals with many species, 
apparently circumtropical in distribution. They are 
plenteously present in fresh waters, tropical reefs, Polar 
regions, and even in the deep sea territory. Their colonies 
are formed by repetitive budding of genetically identical, 
physically associated and intercommunicating member 
zooids (McKinney and Jackson 1989). The influence of the 
outside environment at the time of growth is preserved by 
skeletal growth modifications of both single units (zooids) 
and colonies (zoaria). Nowadays, the settling of fouling 
bryozoans on ship hulls are rapidly altering the species 
composition of bryozoans on a worldwide scale, 
occasionally with annoying impacts (Scholz et al. 2003). 
Our knowledge of the taxonomy, diversity, and distribution 
of many bryozoan species is still insufficient, although a 
huge work has been made during last decades. SEM 
technology has allowed to revise the taxonomy of more 
bryozoans and their distribution as well as to recognize 
new species (Denisenko 2015). Thalamoporella rozieri is a 
commonly occurring cheilostomatid ascophoran bryozoa in 
tropical and warm temperate waters like Indian Ocean, 
Mergui Archipelago (Burma), Makassar Strait (Indonesia), 
Sulu Archipelago (Philippines), Banda Sea (Indonesia), and 
Cape Verde Island (Hincks 1887; Waters 1909; Harmer 

1926; Thornely 1907; Robertson 1921; Menon 1967). It 
forms an important biofouler among the rich and 
diversified bryozoans fauna of India EEZ. Five different 
colonies belonging to this genus have been recognized 
from the coastal water of India (Shrinivaasu et al. 2015). In 
this study, we present the descriptions of the first report of 
the cheilostome bryozoan T. rozieri, which was found 
during the shallow intertidal benthic investigation in the 
Andaman Islands.  

Sponges are the most common marine invertebrates 
found in various environments which range from silty 
harbors to continental shelf seamounts, from intertidal rock 
pools to subtidal rocky reefs, from volcanic ridges and 
hydrothermal vents to the deep abyssal plains, rises, and 
polar regions (Michelle Kelly 2015). Deliberating the wide 
ecological distribution and abundance of bryozoan and 
sponges in the marine world, both of the organisms are 
common neighbors to each other. Fascinatingly, the 
associated fauna and its species composition have been 
listed in various sponges with specific attention on the 
dealings between hosts and endobionts (Forester 1979). 
The distinct structural organization of sponges with a 
highly developed aquiferous system, sessile condition, and 
continuous water flow favor the presence of many 
endobionts and epibionts with both commensal and 
parasitic habits (Sara and Vacelet 1973). 
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 Encountering the ecological and economic significance 
of bryozoans, an extensive study has been carried out on it 
throughout the world. Circumscribed bryozoans include 3 
classes, four orders, 187 families, 808 genera and over 
5000 species (Bock and Gordon 2018; Wright 2014; Bock 
and Gordon 2013). Partial studies on bryozoans of Indian 
waters have been done, through expedition collections. A 
total of 257 marine species have been identified from 
Indian EEZ so far. However, until recently, no 
comprehensive attempt has to work out taxonomical 
aspects in detail. Andaman and Nicobar cover 30% of 
Indian EEZ with rich repositories of biodiversity and 
endemicity. However, the bryozoan reports from Andaman 
and Nicobar is below 18%, due to its remoteness and lack 
of research (Shrinivaasu et al. 2015). The available 
literature on Andaman bryozoans are limited (Thornely 
1905; Thornely 1907; Robertson 1921). Until now no 
comprehensive attempt has been made to work out 
taxonomical and ecological aspects of intertidal bryozoans 

from this typical tropical marine habitat of Indian EEZ. 
This paucity of information on bryozoans from the coastal 
water of this island territory has also created a serious gap 
in connection with economically important problems, for 
instance, fouling. The present study targets to fill this 
scantiness of information on bryozoans from the coastal 
water of Andaman Islands with a description of new record 
of bryozoan T. rozieri along with an unusual sponge-
bryozoan association in which Placospongia sp as host to 
the encrusting T. rozieri. 

MATERIALS AND METHODS 

Burmanallah (11°33'569 N and 92°43'781 E), which is 
a rocky intertidal zone on the eastern coasts of the 
Andaman Island was investigated during August 2016 
(Figure 1).  

 
 
 

 

 

 
Figure 1. Map showing the study site Burmanallah (11°33’569 N and 92°43’781 E), Andaman and Nicobar Islands, India 
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Beginning up to an hour before low tide and continuing 
for up to an hour after low tide, the sample collection was 
done through the intertidal zone and covered up to 250 m 
parallel to the sea by snorkeling. Bryozoan colony and the 
sponge specimens thus obtained were air-dried and 
wrapped with paper for transport. In the laboratory, 
Bryozoan colonies on stones and rock fragments were 
removed and treated with Sodium hypochlorite solution 
(NaOCl) to remove the soft tissues and algal attachments. 
The bryozoan specimens were examined by SMZ 1500 
stereoscopic microscope. Morphometrics were done with 
Nikon Eclipse - Ni microscope and SEM (JEOL Model 
JSM - 6390LV) photographs were used for the detailed 
study of morphology and systematic aspects. Species 
identification was done using standard identification keys 
(Soule and Soule 1970; Menon and Menon 2006). The 
occupation of sponges by epibiont bryozoan was 
enumerated by digital photography. The sponge specimen 
was taken for in situ documentation of spicule features and 
generic identification was done with standard identification 
key (Michelle Kelly 2015). 

RESULTS AND DISCUSSION 

Taxonomic account 
Class Gymnolaemata (Allman 1856) 
Order Cheilostomata (Busk 1852) 
Suborder Anasca (Levinsen 1909) 
Division Coelostega (Levinsen 1909) 
Family Thalamoporellidae (Levinsen 1909) 
Genus Thalamoporella (Hincks 1887) 
Species Thalamoporella rozieri (Audouin, 1826; 

Waters 1909: 123; Robertson 1921: 52; Harmer 1926: 292; 
Menon, 1967: 92) 

 
Material examined. The holotype ITBR 3181, 

ITBR3182, ITBR 3183, collected from intertidal region of 
Kodiyaghat, Andaman Islands, India are examined and 
deposited in the collection of Marine Biology museum at 
Department of Ocean Studies and Marine Biology 
(DOSMB), Pondicherry University, Andaman Islands, 
India. Enclosures  

Description: Zoarium is encrusting (Figure 3). Zooecia 
is rectangular, elongated, alternately arranged and 
separated by raised, thick calcareous margins (Figure 2.A). 
Opesia is broad, terminal, with large proximal sinus. 
Opesiules are placed distally and somewhat asymmetrical 
(Figure 2.B). Operculum with rounded distal margin, the 
proximal region with a complete bar. Cryptocyst is distally 
sloped and granulated. The proximal portions comprise 
small pores (Figure 2.C). The median process of the 
cryptocyst forms the polypide tube, the lateral walls of 
which form those of the two opesiules. Zooid dimensions 
are mentioned (Table 1). It also consists of large adoral 
tubercles (Figure 2.D). Ovicells bilobate and large with a 
median septum. The proximal half is occupied by 
elongated opening of the ovicell.  

Remarks: During Siboga expedition, Harmer (1926) 
had noticed the presence of avicularia as an important 

character in the collected species Thalamoporella. But our 
specimen does not possess vicarious avicularia. Though 
three forms of this species was distinguished by Hincks 
(1880) based on the presence or absence of avicularia, 
tuberosities, and ovicells. T. rozieri are those forms with 
the tuberosities and the ovicells. The present specimen 
possesses ooecia and tuberosities without any avicularia. It 
also consists of typical bilobate ovicells. The observation 
that adoral tuberosites can get modified into ovicells 
(Harmer 1926) agrees in this case, because here zooecia 
with ovicells and adoral tuberosities are absent and all the 
zooecia which lack the ovicells have tuberosities with an 
outer wall and an inner wall with space in between.  

Bryozoan-sponge association  
An interesting bryozoan-sponge association existed on 

a big submerged rock (Figure 3). The epibiont bryozoa T. 
rozieri was found to be attached over sponge Placospongia 
sp. which was growing in the downside of the big rock. 
The mat growth of bryozoan was very thin and transparent, 
and thus hardly visible on the edge of the colony. Further 
development of the zooids over the Placospongia sp. 
makes it more easily identifiable in situ. However, one end 
of the colony has extended from sponge surface towards 
the rock surface. The colony of epizoic T. rozieri on the 
sponge was lengthier and continuous than the colonies on 
other inert host substrata. At a relatively early stage of 
colonization of a T. rozieri at the edges, the zooidal coating 
was very thin and transparent, and thus hardly visible on 
the Porifera surface. Further development of the zooids 
makes it more easily recognizable in situ, especially by the 
development of a wider whitish skeleton along the middle 
of the colony. 

Discussion 
The earliest description of Tropical mid-Pacific 

Thalamoporella was revealed by Soule and Soule (1970). 
A comprehensive discussion on the systematic, evolution 
and biogeography of the family Thalamoporellidae was 
made by Soule et al. (1987). A review of worldwide known 
species after some subsequent reports on species without 
avicularia, species with rounded avicularium mandibles, 
and species with acute or sub-acute avicularium mandibles 
(Soule et al. 1992; Soule et al. 1999) linked the gap in 
understanding of this interesting genus. In our study from 
the Andaman Islands, T. rozieri was collected from almost 
all substrata including rocks and shells. Until date, there is 
no report of the genus Thalamoporella from the waters of 
Andaman Islands. This species was reported earlier from 
west coast and east coast of India (Menon 1967), in 
addition to the report of a few another species of 
Thalamoporella like Thalamoporella hamata, 
Thalamoporella gothica from those regions. Similarly T. 
rozieri was reported from a few regions of Mediterranean 
and Red Sea (Jean-Georges 2014). In India, 
Thalamoporella species were also studied in various 
aspects of Palaeoceanography. Guha and Gopikrishna 
(2004) and described fifteen new fossil species of 
Thalamoporella from the Tertiary (Lutetian-Burdigalian) 
sequences of western Kachchh, Gujarat, India.  
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Figure 2. Encrustation of Thalamoporella rozieri on Placospongia sp. 
 
 
 

 

 
 
Figure 3. A, Elongated and rectangular zooecia of Thalamoporella rozieri; B, Terminal and asymmetrical Opesia; C, Small pores in the 
proximal region; D, Large adoral tubercles 
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Table 1. Dimensions of Thalamoporella rozieri zooid (in mm). 

 
 Zooid 

width  
Zooid 
length  

Orifice 
width  

Orifice 
length  

Opesiules 
width  

Opesiules 
length 

       
Number  15  15  15  15  15  15 
Min  233.46 132.68  66.91  59.24 56.65  39.10 
Max  293.71 194.08  81.99  65.68  81.49  60.34 
Mean  259.23 159.20  74.18  62.68  70.41  48.72 
SD  18.5  18.63  05.08  02.08  06.80  06.35 
       

 
 

Thalamoporella species represent high degree of 
polymorphism and Fifty- eight species of Thalamoporella 
are narrated by Soule et al. (1992). Using scanning electron 
microscopy he examined the minute unique to Family 
Thalamoporellidae and be smooth, dense, and uniform in 
size and configuration. Thalamoporella spicules, first 
described by Levinsen (1909), are minute calcareous 
structures with the shapes of compasses or calipers. The 
specimens of Thalamoporella collected during Siboga 
expedition was examined by Harmer (1926) and pointed 
out the presence of avicularia as an important character. 
Even though the species observed in the current study does 
not possess vicarious avicularia, Hincks (1880) has 
distinguished three forms of this species based on the 
presence or absence of avicularia, tuberosities, and ovicells. 
Those forms with avicularia and tuberosities as 
Thalamoporella gothica, a group, with avicularia and 
ovicells as Thalamoporella indica and the third forms with 
the tuberosities and the ovicells are grouped as T. rozieri. 
Their zooecial size may vary according to the amount of 
space and competition and the irregularity of the substrate. 
Jean-Georges (2014) has made an excellent comparative 
analysis with three T. rozieri specimens which are collected 
from three different zones such as Red Sea, Indian Ocean, 
and Eastern Mediterranean Sea. His findings state that the 
species from the Indian Ocean and Mediterranean Sea have 
got straight to concave and shouldered poster orifice, 
whereas the poster orifice of T. rozieri from the Red Sea 
was deeply arcuate. Generally, bryozoans do not put up 
with silt, and colonies were situated on the sides or 
underneath of shells, coral colonies, rocks, pipes and 
constructions, where they will not be exposed. The ovicells 
of Thalamoporellid were unique and show only a small 
amount of variation among the species for which they were 
known. It’s quite noteworthy that, there were a number of 
species of Thalamoporella from our collection in which no 
ovicells have ever been found, and this may be due to the 
smallness of fragments of colonies collected. 

Bryozoans were common, and often the most abundant, 
faunal component of epibiota on variety of host substrate, 
(Key et al. 2013) and most recently Wahl (2009) reported 
that there were more epizoic bryozoan species than any 
other group of metazoans. In the present study, the 
underneath of most of the big rocks was attached by the 
sponge Placospongia sp. and the bryozoan T. rozieri. The 
initial stages of colonization of T. rozieri on the 
Placospongia sp. were not observed. But as a substratum, 

the sponges are much safer zone of accommodation for T. 
rozieri. The sponges settle randomly on the accessible 
substratum and are not replaced by other organisms. 
Further settlement of other benthic organisms might have 
prevented owing to the successful competition by sponges 
(Keough 1984). The settlement of organisms on the 
surfaces of living organisms (i.e., epibiosis) can be both 
gainful and harmful to the host. Production of antifouling 
substances by symbiotic epibiota (Piel 2004) and supplying 
the host with sufficient nutrients could be the beneficial 
part (Faulkner et al. 2000). The disadvantages due to this 
association include the possible inhibition of growth, 
necrosis, or death of host organisms (Wahl and Mark 
1999). However, both the organisms were appeared to be 
undisturbed in our study. Sponges were also known to be 
rich sources of unique and diverse bioactive metabolites 
that provide potent antibacterial, antifungal, antifeeding, 
and antifouling protection (Blunt et al. 2003).  

The bryozoa-sponge interaction can be also viewed as a 
mutualistic commensalism. A similar overgrowth pattern of 
bryozoan on sponges has been narrated by Corriero (2007). 
Studies are stating that filter-feeding epibionts possibly 
obtain profit from the nutrient currents created by certain 
hosts (Ryland 1974). In the present findings, the bryozoa 
were always exposed over the Placospongia sp. Hence one 
of the greatest hazards in the life of an epibiont will be the 
danger of falling victim to predators of the substrate 
organism (Oswald et al. 1984). Occasionally, epibionts 
seem to be protected by the defensive shield of certain 
basibionts (Young 1986). As epibionts may fall victim to 
predators of their substratum, so many basibionts suffer 
from damage due to grazers preying on epibionts. Bryozoa 
are among crustose epibiotic forms, thus it reduces the 
elasticity of its substratum and hinders both motion and 
flexibility. At the same time, increased brittleness enhances 
breakage in high turbulent environments. Mechanical 
anchoring of larger epibionts on the basibionts, as we can 
see in the present study between epibiont T. rozieri and 
basibiont Placospongia sp, occasionally damages soft 
basibiont surfaces (Dixon et al. 1981). At the same time, 
there is only limited evidence on the functionality of these 
compounds in the natural environment against naturally 
occurring antagonists, such as micro- and macrofoulers.  

Our results demonstrate that the Andaman Islands and 
surrounding regions deserve essential baseline surveys 
which are still lacking for even some of the better-studied 
taxa in the world, such as bryozoans. To explore the 
diversity and ecological activities of bryozoans in this 
tropical archipelago a detailed study is most vital.  
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Abstract. Authors. 2018. Genetic variability, heritability, correlation, and path analysis in tomato (Solanum lycopersicum) under 
shading condition. Biodiversitas 19: 1527-1531. Information on genetic variability, heritability and character association between 
quantitative characters with yield are crucial in crop improvement. Eighteen genotypes of tomato were evaluated to study the 
quantitative genetic of yield and various yield attributing character under shading condition at Pasir Kuda Station, Bogor Agriculture 
University, West Java, Indonesia from August 2016 until January 2017. The result showed that plant height, dichotomous height, fruit 
weight, fruit length, fruit diameter, number of fruit per plant, and the fruit set had broad genetic variability and high heritability. 
Characters with broad genetic variability and high heritability can be used as sources in shading tolerance tomato improvement. Fruit 
weight and fruit number per plant had significant positive correlation coefficient and direct positive effect on fruit yield per plant. It is, 
therefore, recommended that fruit weight and fruit of number per plant should be given due importance in selection to develop shading 
tolerance variety in tomato.  

Keywords: Low light intensity, selection, shade tolerance 

INTRODUCTION 

Indonesia was known as an agrarian country. Most of 
Indonesia population worked in agriculture. However, the 
land area of more than 50% of Indonesia farmers was less 
than 0.5 Ha (Susilowati and Maulana, 2012). Therefore, it 
is necessary to optimize the utilization of agricultural land 
to increase the income of Indonesian farmers. One of the 
efforts that can be done is by the use of low light tolerance 
varieties in intercropping system. Intercropping systems 
gave substantially higher net income over mono-cropping 
with higher net income (Ullah et al. 2007), whereas 
Polthanee et al. (2011) state that intercropping system can 
be used by small farmers primarily to increase the diversity 
of their products and the stability of their annual output 
through effective use of land and other resources. However, 
lack of sunlight in plant cultivated under the tree stand or 
anything in the intercropping system leads to disruption of 
metabolism process that implicated to the decline of 
photosynthesis rate, carbohydrate synthesis and 
productivity of the plant.  

Tomato (Solanum lycopersicum) has the potential to be 
developed in the intercropping system. Pranoto (2011) and 
Bahrun (2012) reported that tomato was a vegetable that 
usually used as a component of agroforestry, in headwater, 
middle stream, and downstream Cianjur watershed and one 
of four plants that suitable to be planted with agroforestry 
system in every agro-climate zone of headwater of 

Ciliwung watershed. Baharudin et al. (2014) and 
Sulistyowati et al. (2016 a) also reported that there were 
tomato genotypes that tolerant (shade-loving and shade 
tolerant genotypes of tomato) to low light intensity. 
However, there was no low light tolerant with high yielding 
varieties of tomatoes in Indonesia. The used of shade-
loving genotypes under 50% shading condition could 
increase the productivity of tomato of up to 30% 
(Baharudin et al. 2014; Sulistyowati et al. 2016 a).  

Information on the effect of shade on growth and yield 
tomato under shading condition including an increase of 
plant height, chlorophyll content and fruit quality and a 
decrease of a leaf area and productivity (Ilic et al. 2015; 
Baharudin et al. 2014; Sulistyowati et al. 2016b). However, 
information genetic variability and character selection that 
important for shade tolerance with high yielding 
improvement had not been reported in tomato. The 
objectives of the research were to estimate the extent of 
genetic variability, heritability, correlation, direct and 
indirect effect between yield and yield contributing 
characters on tomato under shading condition. 

MATERIALS AND METHODS 

Study area 
The experiment was conducted under 50% shading 

condition at Pasir Kuda Station, Bogor Agriculture 
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University, West Java, Indonesia from August 2016 until 
January 2017. The station is located at an altitude of 250 
meters above sea level. The soil type at the site is Latosols. 
SSH3 (shade-loving genotype), 4974 (shade-sensitive 
genotype) (Baharudin et al. 2014; Sulistyowati et al. 
2016a), fifteen elite lines derived from "SSH3 and 4974" 
and TORA IPB (commercial open-pollinated tomato 
variety from Indonesia) were used in the experiment. The 
experiment was conducted arranged in a randomized 
complete block design (RCBD) with three replications with 
a plot size of 1 m x 5 m.   

Procedures 
Seeds of eighteen tomato genotypes were sown in the 

plastic seedling tray. The 21-day-old seedling (about 4-5 
leaves) were then transplanted on the soil beds with a 
spacing of 50 cm x 50 cm (20 plants per plot). Black shade 
plastic net was used to reduce light intensity by up to 50% 
(the height of shade plastic net poles was 2 meters). Lime 
and manure were applied 2 weeks before planting with 
respectively 2 t ha-1 of dolomite and 0.5 kg per planting 
hole of manure. Organic fertilizer was applied every week 
using 250 mL per plant of NPK fertilizer solution. NPK 
(16-16-16) in a concentration of 10 g L-1 was employed at 
the vegetative phase, and NPK (16-16-16) in a 
concentration of 15-20 g L-1 was applied at the generative 
stage. Weeding was scheduled for two weeks, four weeks, 
and six weeks after planting. The irrigation was done every 
day to prevent drought or water shortages. The crop was 
protected from insect, pest, and diseases by using the 
recommended pesticide. The harvesting was conducted in 
the next three months after planting. The observation was 
recorded on five plants per plot for plant height, internode 
length, stem diameter, dichotomous height, fruit weight, 
fruit length, fruit diameter, percent of fruit set, the fruit of 
number per plant, and fruit yield per plant.   

Data analysis 
Average data were subjected to analysis of variance 

following Steel and Torrie (1981). Broad-sense heritability 
[Hbs] was estimated according to Lush (1949) and Johnson 
et al. (1955). Heritability values were categorized as low 
(<20%), moderate (20-50%) and high (>50%) following 
Syukur et al. (2010). The expected genetic advance (GA%) 
on 5% selection intensity was estimated and classified as 
low (<10%), moderate (10-20%) and high (>20%) 
following the method is given by Lush (1949). Phenotypic 
correlation coefficients were calculated by standard 
procedures (Johnson et al. 1955). Correlation coefficients 
were further partitioned into components of direct and 
indirect effects by path analysis (Saleem et al. 2013).  

RESULTS AND DISCUSSION 

Analysis of variance revealed highly significant mean 
all characters (Table 1) the existence of among the 
genotypes under shading condition in tomato as reported 
elsewhere (Baharudin et al. 2014; Sulistyowati et al. 

2016a). The coefficient of variation (C.V) was less than 
20% for almost all character indicating the precision in the 
data recorded (Table 1).   

The phenotypic variance and phenotypic coefficient of 
variation (PCOV) were higher than the genotypic variance 
and genotypic coefficient of variation (GCOV). The results 
indicated that the apparent due to genetic factors but also 
due to the environmental condition. Therefore, selection for 
such traits sometimes might be misleading. Wide genotypic 
variance (Table 2) and high heritability (Table 3) for fruit 
height, dichotomous height, fruit weight, fruit length, fruit 
diameter, number of fruit per plant, and fruit set indicated 
influenced of genotypes higher than environment on 
variability of these characters under shading condition, 
whereas influenced of environment higher than genotypes 
on variability of internode length, stem diameter, fruit 
diameter and yield per plant. 

According to Johnson et al. (1955), heritability 
estimates along with genetic advance were usually more 
helpful than heritability alone in predicting the genetic gain 
under selection. Fruit weight, fruit length, fruit set and a 
number of fruit per plant had high heritability and high 
genetic advance besides wide genotypic variation under 
shading condition. Similar findings were reported by 
various researchers (Meitei et al. 2014; Saleem et al. 2013; 
Ghosh et al. 2010; Rani and Anitha 2011; Mohamed et al. 
2012) in normal condition.  

The result indicated these characters were most likely to 
be influenced by additive gene effects and selection for the 
improvement of those characters would be effective in 
early generations (F2-F3) for the development of superior 
genotypes (Saleem et al. 2013). The yield of fruit had 
moderate heritability and genetic advance in this study, 
which is in contrast to various researchers earlier (Meitei et 
al. 2014; Saleem et al. 2013; Ghosh et al. 2010; Rani and 
Anitha 2011; Mohamed et al. 2012). 

Correlation among characters is important in plant 
breeding program because it can predict the improvement a 
character through other characters (Kuswantoro 2017) and 
proffers a way forward for a simultaneous selection scheme 
in more than one trait (Izge et al. 2012). The result showed 
that plant height (0.24), internode length (0.48), 
dichotomous height (0.41), fruit weight (0.61), fruit length 
(0.49), fruit diameter (0.45), and number of fruit per plant 
(0.48) had significant positive correlation with fruit yield 
per plant (Table 4) under shading condition which 
indicated these characters were potential for a simultaneous 
selection scheme in more than one trait for shade tolerance 
of tomato with high yielding improvement. Similar results 
were also reported in normal condition (Meitei et al. 2014; 
Saleem et al. 2013; Rani and Anitha 2011; Mohamed et al. 
2012; Islam et al. 2010; Mahapatra et al. 2013; Meena and 
Bahadur 2014; Hidayatullah et al. 2008) but contrast to 
Tiwari and Upadhyay (2012). According to Haydar et al. 
(2007), the positive associations of these traits may lead to 
yield increases. This phenomenon also can be explained in 
a way that total fluctuations in yield are governed 
principally by changes in one or more component.  
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Table 1. Estimates of mean, range and mean square for different characters of 18 tomato genotypes under shading condition 
 

Characters Means S.E (±) Range Means square CV (%) 

Plant height (cm) 134.09 2.61 90.30 - 171.30 4.38 ** 9.99 
Internode length (cm) 4.45 0.05 3.80 - 5.30 3.15 ** 6.80 
Stem diameter (mm) 8.65 0.61 4.57 - 11.70 8.41 ** 9.18 
Dichotomous height (cm) 38.27 0.70 5.27 - 7.70 6.12 ** 8.30 
Fruit weight (g) 17.37 1.00 8.16 - 47.36 14.49 ** 17.97 
Fruit length (mm) 32.20 0.08 23.00 - 52.87 20.38 ** 7.11 
Fruit diameter (mm) 28.92 0.56 19.81 - 42.99 6.87 ** 8.39 
Number of fruit per plant 46.81 1.81 22.00 - 77.00 3.32 ** 21.28 
Fruit set (%) 59.02 2.09 25.00 - 88.89 7.99 ** 14.40 
Yield per plant (g) 780.49 39.40 263.12 - 1750.98 2.60 ** 30.01 
Note: ** Significant at level of 1%. 
 
 
 
Table 2. Estimates of the phenotypic and genotypic coefficient of variation and variance of 18 tomato genotypes under shading 
condition  
 

Characters σ2
p σ2

g 2 σσ2g Criteria PCOV GCOV 

Plant height (cm) 381.98 202.48 180.42 Wide 14.58 10.61 
Internode length (cm) 0.16 0.07 0.07 Wide 8.90 5.75 
Stem diameter (mm) 2.55 1.82 2.36 Narrow 18.46 15.57 
Dichotomous height (cm) 27.29 17.20 13.76 Wide 13.65 10.84 
Fruit weight (g) 54.98 45.24 31.63 Wide 42.69 38.73 
Fruit length (mm) 0.39 0.34 0.23 Wide 19.41 18.06 
Fruit diameter (mm) 17.38 11.50 8.95 Wide 14.42 11.73 
Number of fruit per plant 229.57 124.42 109.25 Wide 32.37 23.83 
Fruit set (%) 240.63 168.40 127.20 Wide 26.28 21.99 
Yield per plant (g) 89993.43 31931.28 38497.08 Narrow 38.44 22.90 
Note: σ2

p = phenotypic variance, σ2
g = genotypic variance, σσ2g = standard deviation of genotypic variance, PCOV = phenotypic 

coefficient of variation, GCOV = genotypic coefficient of variation. 
 
 
 
Table 3. Estimates of heritability and the genetic advance of 18 tomato genotypes under shading condition  
 

Character Hbs Category GA %GA Category 

Plant height (cm) 53.01 High 10.08  7.52 Low 
Internode length (cm) 41.72 Moderate 0.21  4.62 Low 
Stem diameter (mm) 71.15 High 2.83 40.48 High 
Dichotomous height (cm) 63.04 High 5.44 14.22 Moderate 
Fruit weight (g) 82.29 High 9.37 53.96 High 
Fruit length (mm) 86.59 High 0.76 23.61 High 
Fruit diameter (mm) 66.16 High 3.75 12.97 Moderate 
Number of fruit per plant 54.20 High 11.82 24.52 High 
Fruit set (%) 69.98 High 12.02 20.36 High 
Yield per plant (g) 35.48 Moderate 129.47 16.19 Moderate 
Note: Hbs = broad sense heritability, GA = genetic advance. 
 
 
Table 4. Correlation coefficient among different yield and yield attributing characters in tomato under shading condition 
 

 
PH IL SD DH FW FL FD NFP FS 

IL 0.21                
SD 0.13 -0.10               
DH 0.01 0.39 ** -0.10             
FW -0.04 0.45 ** -0.25 0.74 **          
FL 0.01 0.48 ** -0.31 * 0.75 ** 0.94 **        
FD -0.09 0.26 -0.13 0.55 ** 0.78 ** 0.74 **      
NFD 0.20 0.05 0.38 ** -0.28 * -0.35 ** -0.44 ** -0.28 *    
FS -0.05 -0.18 0.03 -0.31 * -0.44 ** -0.43 ** -0.47 ** 0.47 **  
YP 0.24 ** 0.48 ** 0.00 0.41 ** 0.61 ** 0.49 ** 0.45 ** 0.47 ** -0.01 
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Table 5. Direct (diagonal) and indirect effect of different quantitative traits on yield in tomato under shading condition 
 

  PH IL SD DH FW FL FD NFP FS rXY 

PH -0.123 0.051 0.032 0.003 -0.009 0.003 -0.023 0.048 -0.013 0.243 
IL 0.100 0.046 -0.048 0.184 0.216 0.230 0.126 0.025 -0.086 0.478 
SD 0.000 0.000 -0.020 0.000 0.000 -0.001 0.000 0.001 0.000 0.002 
DH 0.005 0.156 -0.040 -0.062 0.298 0.303 0.224 -0.112 -0.126 0.406 
FW -0.021 0.275 -0.152 0.448 0.879 0.570 0.473 -0.214 -0.266 0.609 
FL 0.007 0.234 -0.148 0.362 0.454 -0.125 0.358 -0.211 -0.210 0.485 
FD -0.043 0.119 -0.059 0.250 0.353 0.335 0.013 -0.128 -0.212 0.454 
NFD 0.093 0.025 0.177 -0.130 -0.166 -0.205 -0.133 0.756 0.221 0.471 
FS 0.000 0.001 0.000 0.002 0.003 0.003 0.004 -0.004 0.047 -0.008 
 

 
 
 

 
Path coefficient analysis provides an effective means of 

partitioning direct or indirect causes of relationships. Since 
crop yield is affected by many factors, selection based on 
correlation alone may be misleading because it measures 
only the mutual association between two characters (Izge et 
al. 2012). Path coefficient analysis, however, specifically 
measures the relative importance of different yield 
components. Path coefficient analysis showed that fruit 
weight had highest direct positive effect (0.879) on yield 
followed by number of fruit per plant (0.756) which 
indicated that direct selection for these characters might be 
effective and there is a possibility of improving yield per 
plant through selection based on these characters (Ghosh et 
al. 2010) under shading condition. Internode length 
(0.046), fruit diameter (0.013), and fruit set (0.047) also 
expressed a positive direct effect on yield but in low 
magnitude. The direct selection for these characters would 
be beneficial for crop improvement since most of these 
characters also showed the significant positive coefficient 
of correlation on yield (Rani and Anitha, 2012). Fruit set 
had a high positive indirect effect (0.221) on yield via a 
number of fruit per plant. It, therefore, means that fruit set 
character contributed very much to fruit yield tomato in 
shading condition.  

To conclude, wide genotypic variability and high 
heritability were found on fruit height, dichotomous height, 
fruit weight, fruit length, fruit diameter, number of fruit per 
plant, and fruit set which indicated influenced of genotypes 
higher than environment on these characters in tomato 
under shading condition. Fruit weight and a number of fruit 
per plant had a high positive direct effect on fruit yield, 
whereas fruit set had a high positive indirect effect on fruit 
yield via a number of fruit per plant which indicated that 
these characters contributed very much to fruit yield tomato 
in shading condition. In perusal to genotypic variability, 
heritability with high genetic advance, significant positive 
correlation and desirable direct and indirect effect of fruit 
weight, number of fruits per plant and fruit set on fruit 
yield per plant, it could be conclude that these characters 
could be used as selection characters for the development 
of inbred lines following pure line selection scheme in 
succeeding generation in tomato under shading condition.  
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Abstract. Yanti Y, Warnita, Reflin, Busniah M. 2018. Indigenous endophyte bacteria ability to control Ralstonia and Fusarium wilt 
disease on chili pepper. Biodiversitas 19: 1532-1538. Bacterial wilt and Fusarium wilt caused by Ralstonia syzigii subsp. indonesiensis 
and Fusarium oxysporum f.sp. capsici (Foc), respectively are the most damaging vascular pathogens in chili pepper (Capsicum annuum 
L.) and many other crops limiting their production, worldwide. Various strategies have been developed to control wilt pathogens 
including the application of chemical pesticides, which generally considered as the most effective and fastest strategy for plant disease 
management. However, effective chemicals for wilt pathogens of chili pepper plants are not available, yet. Endophytic bacteria 
considered as one of options to control vascular wilt disease because of its ability to live and colonize in internal roots of plants. 
Previous research has been done to select endophytic indigenous bacteria isolates which can promote growth rate of chili pepper. The 
purpose of the research was to identify the selected indigenous endophyte bacteria isolates acquired from our previous study using 16S 
rRNA identifications and to screen the selected endophytic indigenous bacteria to control both R. syzigii subsp. indonesiensis and Foc. 
Results from 16S r RNA analysis showed that all of 9 isolates were identified as Bacillus spp., such as Bacillus cereus ATCC 14579, 
Bacillus pseudomycoides strain NBRC 101232, Bacillus toyonensis strain BCT-7112, Bacillus thuringiensis strain ATCC 10792, 
Bacillus weihenstephanensis strain DSM 11821, Bacillus mycoides strain 273, Bacillus cereus strain NBRC 15305, Bacillus 
bingmayongensis strain FJAT-13831 and Bacillus manliponensis strain BL4-6. Our results showed that most of endophytic bacteria 
isolates application could control both bacterial and Fusarium wilt diseases. Six out of nine isolates can suppress R. syzigii subsp. 
indonesiensis without developing any symptoms and five isolates could suppress symptoms of Foc. Isolates Bacillus pseudomycoides 
strain NBRC 101232 Bacillus thuringiensis strain ATCC 10792 and Bacillus mycoides strain 273 were potential for control Foc and R. 
syzigii subsp. indonesiensis in chili pepper. 

Keywords: Endophyte, Fusarium, indigenous, Ralstonia 

INTRODUCTION 

Capsicum annuum L. is an economically important crop 
consumed as spicy substitution or ingredient in the world 
(Paul et al. 2013). Due to its high value and consumption 
rate, the annual trade of chilies reaches approximately 17% 
of total spicy ingredient trades in the world (Ahmed et al. 
2000). However, chili productions can be decreased due to 
pathogen attack such as Ralstonia syzigii subsp. 
indonesiensis (formerly named R. solanacearum (Safni et 
al. 2014)) and Fusarium oxysporum fsp. capsici, the main 
causal agents of wilt disease. Bacterial wilt and Fusarium 
wilt are a serious disease and a major constraint in the 
production of chili pepper (Capsicum annuum L.) and other 
crops in tropical, subtropical, and warm temperate regions 
of the world (Sahi and Khalid 2007; Ayana and Fininsa 
2016). The disease has consistently caused an annual yield 
loss of about 10-80% (Vanitha et al. 2009). The 
combination of both two pathogens may increase the yield 
loss of chili pepper, worldwide. 

Although a large number of methods had employed to 
control the disease (including cultural practices, crop 
rotation, and host resistance), the current integrated 
management strategies for the disease are still limited 

(Pradhanang et al. 2003). Efforts to find primary factors 
and effective control methods to mediate the disease 
severity should be done (Yao and Allen 2006). On the 
other hand, to meet the high demand of chili peppers 
worldwide, the large amount of fertilizers, herbicides, and 
pesticides has been applied to increase productivity of chili 
in the last 50 years (FAO 2010). Fungicide and other 
pesticide usages may cause to environmental and health 
concerns (Aktar et al. 2009). In order to reduce pesticides 
usage, biological control is one of a promising strategy to 
be applied as part of an integrated management of 
pesticides usage reduction. In recent years, the focus of 
disease management has shifted by controlling diseases 
using biocontrol agents, which are safer and more 
promising alternative than synthetic pesticides. Biological 
control is one of alternative soil-borne disease management 
by using beneficial microorganisms (Zavaleta 2000). One 
of biological controls is endophyte bacteria which 
colonizing in the internal healthy plants, become a renewed 
interest due to their potential in agriculture (Strobel et al. 
2004). 

Endophytes are microorganisms that reside within 
internal tissues of living plants without any visible harming 
effects on the host plant (Paul et al. 2013). Bacterial 
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endophytes colonize in ecological niche that similar to 
phytopathogens, making them suitable as biocontrol agents 
(Berg et al. 2005). Unlike phytopathogens, endophytic 
bacteria do not cause visible harm to the host; but they can 
exert beneficial effects on the plant, including defense 
against pathogens and increase growth and development by 
producing plant growth promoting substances and/or by 
fixating nitrogen from the atmosphere (Glick 2012; 
Mercado-Blanco and Lugtenberg 2014). The internal 
tissues of plants provide a safer environment compared to 
the rhizosphere and phylloplane where the introduced 
bacterial population must compete for nutrients. These 
advantages envisage the use of endophytic bacteria for 
more successful biological control of plant diseases (Sturz 
and Christie 1998).  

The proven advantages of using endophytes for 
controlling plant diseases or biocontrol agents are their well 
adapted to live inside the plants, their reliable suppression 
of vascular disease (Lin et al. 2013) and no cause for 
environmental contamination. There is some evidence that 
endophytes can control plant diseases (Ramesh et al. 2009). 
Several studies had shown that endophyte bacteria from 
various genera can control phytopathogens, such as 
Pseudomonas fluorescens PICF7 can suppress verticillium 
wilt on olive trees (Mercado-Blanco et al. 2004), Bacillus 
subtilis Lu1144 can control Ralstonia solanacearum on 
mulberry (Ji et al. 2008), B. amyloliquefaciens Bg-C31 can 
control R. solanacearum on chili pepper (Hu et al. 2010), 
and on many other plants. 

Our Previous study had screened 9 best endophyte 
bacteria isolates, which has potential to plant growth 
promotion (Yanti et al. 2017). However, the ability of these 
strain to control pathogens is not identified, yet. This 
Research purposed to identify those isolates using 16S 
rRNA identifications and screen those selected endophytic 
indigenous bacteria to control both R. syzigii subsp. 
indonesiensis and Fusarium oxysporum f.sp. capsici (Foc). 

MATERIALS AND METHODS 

Study area 
This research was done in Microbiology Laboratory, 

Department of Plant Protection, and screen house, Faculty 
of Agriculture, Universitas Andalas, Padang, Indonesia 
from April to October 2017.  

Endophyte bacteria isolates preparation 
All isolates used in this study were collected in 

microtube 1.5 mL. All isolates re-cultured in Nutrient Agar 
(NA) media in petri-dish by striking the collection to the 
plates and incubated for 72 h in room temperature. The 
growth culture was then regrowth in the same media and 
incubated for 48 h. The pure colony growth in the plates 
then used for further study. 

16S rRNA bacteria identifications  
Endophyte isolates identified based on its 16S rRNA 

gene. Bacterial DNA extracted by following protocol of 
PureLink Genomic DNA Mini Kit (Invitrogen, Thermo 

Scientific Inc. USA). The extracted DNA was then 
amplified using PCR with universal primers (27F and 
1492R). PCR conditions were done by following Xiong et 
al. (2014) consisting of denaturation at 94°C for 1 min, 
annealing at 54°C for 30 s and extension at 72°C for 1 min 
for 30 cycles and final extension for 30 minutes. The 16S 
fragment then sequenced in Macrogen Inc. (Korea).  

Indigenous endophyte bacteria assay to control 
Ralstonia and Fusarium wilt 

All 9 strain bacteria were used to assay their ability to 
control Ralstonia syzigii subsp. indonesiensis and 
Fusarium oxysporum f.sp. capsici (Foc). Research 
conducted in two separates experiments both for each 
pathogen. Research done in completely randomized 
designs with 3 replications with 10 treatments (9 strains of 
indigenous endophyte bacteria and control).  

Multiplication of isolates 
One pure colony of indigenous endophyte bacteria 

(IEB) isolates was added to 25mL of Tryptic Soy Broth 
(TSB, HiMedia®) in culture bottle (50mL) and was 
incubated in rotary shaker for 24 hours. 1 mL preculture 
was transferred to 150 mL of sterile coconut water in 
Erlenmeyer flask for main culture and was incubated for 
2x24 hours (Yanti et al. 2017). Suspension of IEB isolates 
from main culture was diluted with comparison to 
McFarland scale 8 (Density estimated 108 CFU/mL). 

Seeding and planting 
Seeding of chili pepper seed was done in seed tray. 

Seed introduced with IEB isolates with dipping method in 
IEB isolates suspension with density 108 CFU/mL 
(Compared with McFarland Scale 8). Seeding was done in 
21 days. All 21-day old chili pepper seedlings (from 
previous methods) were then planted to polybag containing 
soil and organic matters (2: 1 v/v) (Yanti et al. 2013). 
Seedlings dipped in the same IEB isolates suspensions for 
each pathogen were planted in triplications. 

Pathogens treatment 
Ralstonia syzigii subsp. indonesiensis acquired from 

diseased plants were isolated and cultured in TZC medium. 
All R. syzigii subsp. indonesiensis isolates were then 
assayed in chili plants (2 weeks old) to select the most 
virulence pathogens. R. syzigii subsp. indonesiensis was 
cultured in TZC agar, which was then suspensed to 108 
CFU/mL, and inoculated for 2 weeks after planting with 
root wounding methods. While, Foc acquired from 
diseased plants were isolated and cultured in Potato 
Dextrose Agar. All Foc isolates were then assayed in chili 
seedlings (21 days after seeding) to select the most 
virulence pathogens. The most virulence Foc was then 
cultured in rice for 1 week, followed by inoculation with 
10g inoculum for 1 week before planting.  

Parameter observed 
Parameter observed in this research were i.e incubation 

time, incidence, severity, plant height, number of leaves, 
and yields. 
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RESULTS AND DISCUSSION 

16S rRNA bacteria identifications  
The 16S rDNA of all the 9 IEB isolates were amplified 

with the primers 27F and 1492R. PCR amplicons of 16S 
rRNA of about 1,500 bp were observed as discrete bands in 
gel electrophoresis (Fig. 1). The estimated sizes of the 
sRNA fragments of all the amplified product were in 
parallel line with 1.500 bp marker, which was close to 
1.465 bp, the expected amplicons size of PCR using 
primers 27F/1492R. The 16S rRNA sequences of 
endophyte bacterial isolates were compared their homology 
with the available sequences in the GeneBank Database 
using BLAST. On the database of 16S rRNA sequence, all 
isolates were all similar to Bacillus genus. Furthermore, the 
isolates were identified similar to various species from 
GenBank database, which were Bacillus cereus ATCC 
14579 (AGBE3.3.BB), B. pseudomycoides strain NBRC 
101232 (SLBE1.1.SN), B. toyonensis strain BCT-7112 
(AGBE1.2.TL), B. thuringiensis strain ATCC 10792 
(SLBE3.1.BB), B. weihenstephanensis strain DSM 11821 
(SLBE1.1.BB), B. mycoides strain 273 (SLBE1.1.AP), B. 
cereus strain NBRC 15305 (SLBE3.1.AP), B. 
bingmayongensis strain FJAT-13831 (AGBE2.1.TL) and B. 
manliponensis strain BL4-6 (SLBE2.3.BB) all with varied 
similarity (Table 1). 

Plant growth of chili pepper introduced with indigenous 
endophyte bacteria 

In this study, we aimed to identify endophytic bacteria 
that had been previously identified as Bacillus spp., which 
associated with the roots of chili pepper that have potential 

to promote growth rate of chili pepper plants. Chili pepper 
introduced with 11 indigenous endophytic bacteria had 
ability to promote growth shown from increased height and 
number leaves of plants. Indigenous endophytic isolates 
can increase chili pepper growth better than control (Table 
2). All strains promote height varies from 71.33 cm to 
108.67cm, compared to control, 66.33 cm. It means that all 
strains had effectivity to promote chili pepper heights (7.54 
to 63.83%) compared to control. B. pseudomycoides strain 
NBRC 101232 and B. thuringiensis strain ATCC 10792 
were the best strains to promote plant height. B. 
pseudomycoides strain NBRC 101232 applied in plants 
also increase the number of leaves with highest effectivity 
(56.02%) compared to control.  
 
 

 
 
Figure 1. 16S rRNA PCR electrophoresis results of IEB isolates, 
1. AGBE3.3.BB; 2=SLBE1.1.SN; 3. AGBE1.2.TL; 4. 
SLBE3.1.BB; 5. SLBE1.1.BB; 6. SLBE1.1.AP; 7. SLBE3.1.AP; 
8. AGBE2.1.TL; 9. SLBE2.3.BB; M. Marker. 

 
 
Table 1. Species similarity of indigenous endophyte isolates based on 16S rRNA identifications using BLAST-N 
 

Isolates 16S rRNA identifications using BLAST Similarity 

AGBE3.3.BB Bacillus cereus ATCC 14579 96 
SLBE1.1.SN Bacillus pseudomycoides strain NBRC 101232 93 
AGBE1.2.TL Bacillus toyonensis strain BCT-7112 92 
SLBE3.1.BB Bacillus thuringiensis strain ATCC 10792 94 
SLBE1.1.BB Bacillus weihenstephanensis strain DSM 11821 95 
SLBE1.1.AP Bacillus mycoides strain 273 95 
SLBE3.1.AP Bacillus cereus strain NBRC 15305  94 
AGBE2.1.TL Bacillus bingmayongensis strain FJAT-13831 94 
SLBE2.3.BB Bacillus manliponensis strain BL4-6 92 
 

 
Table 2. Height, number of leaves and yields of chili pepper introduced with indigenous endophyte bacteria 
 

Strains 
Plant height 

(cm) 
Effectivity 

No. of 
leaves 

Effectivity 
Yields 
(kg) 

Effectivity 

B. pseudomycoides strain NBRC 101232  108.67a 63.83 52.00a 56.02 1.29a 186.67 
B. thuringiensis strain ATCC 10792 105.33a 58.80 48.67bc 52.03 1.22a 171.11 
B. mycoides strain 273 98.33b 48.24 50.67ab 46.02 0.99b 120.00 
B. cereus strain NBRC 15305  97.33bc 46.74 46.00cd 38.01 0.89c 97.78 
B. bingmayongensis strain FJAT-13831 93.33c 40.71 44.00de 32.01 0.84cd 86.67 
B. manliponensis strain BL4-6 87.00d 31.16 39.33f 26.01 0.79d 75.56 
B. thuringiensis strain ATCC 10792 82.33d 24.12 39.33f 18.00 0.64e 42.22 
B. weihenstephanensis strain DSM 11821 73.67e 11.07 42.00ef 18.00 0.53f 17.78 
B. mycoides strain 273 71.33e 7.54 39.33f 18.00 0.56f 24.44 
Control 66.33f 

 
33.33g 

 
0.45g  

Note: Means with the same letter are not significantly different by Duncan multiple range test at p < 0.05 
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Table 3. Disease development of Ralstonia wilt of chili pepper introduced with indigenous endophyte bacteria  
 

Strains 
Disease development 

time 
Effectivity 

Disease  
Incidence (%) 

Effectivity Severity Effectivity 

B. pseudomycoides strain NBRC 101232  42.00a 110.00 0.00 100.00 0.00c 100.00 
B. thuringiensis strain ATCC 10792 42.00a 110.00 0.00 100.00 0.00c 100.00 
B. mycoides strain 273 42.00a 110.00 0.00 100.00 0.00c 100.00 
B. thuringiensis strain ATCC 10792 42.00a 110.00 0.00 100.00 0.00c 100.00 
B. weihenstephanensis strain DSM 11821 42.00a 110.00 0.00 100.00 0.00c 100.00 
B. cereus strain NBRC 15305  42.00a 110.00 0.00 100.00 0.00c 100.00 
B. bingmayongensis strain FJAT-13831 37.33ab 86.65 33.33 66.67 0.67bc 83.25 
B. mycoides strain 273 37.33ab 86.65 33.33 66.67 0.67bc 83.25 
B. manliponensis strain BL4-6 32.67b 63.35 66.67 33.33 2.00b 50.00 
Control  20.00c 

 
100 

 
4.00a 

 
Note: Means with the same letter are not significantly different by Duncan multiple range test at p < 0.05 
 
 
 
Table 3. Disease development of Fusarium wilt of chili pepper introduced with indigenous endophyte bacteria  
 

Strains 
Disease development 

time 
Effectivity 

Disease 
Incidence (%) 

Effectivity Severity Effectivity 

B. pseudomycoides strain NBRC 101232  42.00a 106.59 0.00 100.00 0.00d 100.00 
B. thuringiensis strain ATCC 10792 42.00a 106.59 0.00 100.00 0.00d 100.00 
B. mycoides strain 273 42.00a 106.59 0.00 100.00 0.00d 100.00 
B. cereus strain NBRC 15305  42.00a 106.59 0.00 100.00 0.00d 100.00 
B. bingmayongensis strain FJAT-13831 42.00a 106.59 0.00 100.00 0.00d 100.00 
B. manliponensis strain BL4-6 39.33ab 93.46 66.67 33.33 0.67cd 83.25 
B. thuringiensis strain ATCC 10792 31.00c 52.48 66.67 33.33 2.67ab 33.25 
B. weihenstephanensis strain DSM 11821 32.67bc 60.70 100.00 0.00 2.00bc 50.00 
B. mycoides strain 273 30.67c 50.86 66.67 33.33 2.67ab 33.25 
Control 20.33d  100  4.00a  
Note: Means with the same letter are not significantly different by Duncan multiple range test at p < 0.05 
 
 
 

  

 
Figure 2. Chili plants 3 weeks after inoculated with R. syzigii 
subsp. indonesiensis, introduced with B. pseudomycoides strain 
NBRC 101232 (left) and control (right) 
 
 
 

  

 
Figure 3. Chili plants 3 weeks after inoculated with Foc, 
introduced with B. thuringiensis strain ATCC 10792  (left) and 
control (right) 
 

Besides, it had good ability to promote growth rate, all 
strains also had good ability to increase yields of chili 
pepper. All strains increase the yields with varied 
effectivity from 17.78 to 186.67%. Strains B. 
pseudomycoides strain NBRC 101232, B. thuringiensis 
strain ATCC 10792 and B. mycoides strain 273 
respectively increase yields to 1.29 kg, 1.22 kg, and 0.99 
kg compared to control 0.45 kg.  

Introduction of Bacillus spp. strains showed decrease of 
disease development time, incidence and severity of 
Ralstonia wilt diseases (Table 3, Fig. 2). Three isolates of 
Bacillus shown decrease of incidence up to 100% and 
shows no symptoms until the end of observations. 
Introduction of Bacillus spp. strains also showed promoting 
plant growth after inoculation of pathogen. Strain B. 
pseudomycoides strain NBRC 101232, B. thuringiensis 



 BIODIVERSITAS 19 (4): 1532-1538, July 2018 

 

1536

strain ATCC 10792, B. mycoides strain 273, B. 
thuringiensis strain ATCC 10792, B. weihenstephanensis 
strain DSM 11821 and B. cereus strain NBRC 15305 have 
highest ability to promote growth rate of chili pepper and 
could also suppress pathogen attack with no symptoms of 
diseases shown. 

Introduction of Bacillus spp. strains also could decrease 
disease development time, incidence and severity of 
diseases of Fusarium (Table 4). Five isolates of Bacillus 
shown decrease of Fusarium wilt incidence up to 100% 
and shows no symptoms until the end of observations. 
Those strains were B. pseudomycoides strain NBRC 
101232, B. thuringiensis strain ATCC 10792, B. mycoides 
strain 273, B. cereus strain NBRC 15305 and B. 
bingmayongensis strain FJAT-13831. Strain B. 
pseudomycoides strain NBRC 101232, B. thuringiensis 
strain ATCC 10792, B. mycoides strain 273, B. 
thuringiensis strain ATCC 10792, B. weihenstephanensis 
strain DSM 11821 and B. cereus strain NBRC 15305 have 
highest ability to promote growth rate of chili pepper and 
could also suppress both Fusarium and Ralstonia wilt 
disease with no symptoms of diseases was shown. 

Discussion 
The exploration of the diversity of plant microbiome is 

an interesting way to acquire new effective bacteria as 
potential biocontrol agents. Bacteria and other microbes 
naturally residing within plants without causing any 
damage to their host can be good candidates as biocontrol 
agents. Several microorganisms, called endophytes, are 
well adapted to their host, and make balanced antagonism 
between plant host-endophyte and endophyte-endophyte 
interactions (Schulz and Boyle 2005). Our Previous 9 best 
endophyte bacteria isolate having potential as plant growth 
promotion also performed good traits to control Fusarium 
and Ralstonia wilt disease.  

In this study, the best IEB isolates from the previous 
research were identified by its 16S rRNA analysis using 
universal 27F/1492R primers. The electrophoresis analysis 
results showed that all the IEB amplicons were in parallel 
with the expected amplicon size of 1.500bp. These results 
were in accordance with Webster et al. (2003) stated that 
27F/1492R primers used in PCR would produce about 
1.500bp length of amplicons, which close to ideal length of 
16SrRNA gene used for DNA comparisons with database. 
The present result showed that all endophytes belonged to 
Bacillus genera using 16S rRNA analysis with BLAST. 
The gene sequence of the 16S rRNA facilitated the putative 
taxonomic identification of isolates. Recent description 
(Kim et al. 2012; Dourado et al. 2012) also revealed that 
16S rRNA gene sequence analysis could give proper 
identification of bacteria. Among the species of Plant 
Growth Promoting Rhizobacteria (PGPR), Bacillus spp. 
had been known as powerful genera. Various of Bacillus 
species can promote the health and control diseases by 
plant pathogens suppressions, or by nutrients competitions 
like iron and phosphate or indirectly fixing nitrogen 
(McSpaden Gardener 2004). Bacillus spp. is one of the 
biological control agents that have shown inhibitory effects 
against a considerable number of plant pathogens, and the 

antibiotics that it produces are generally assumed to be 
responsible for the control activity. Bacillus, or the use of 
their metabolites, may be an alternative or supplementary 
method to chemical plant protection (Mojica-Marin et al., 
2008). Khalid et al. (2004) reported that species of Bacillus 
have a very high efficiency in plant root colonization and 
the production of phytohormones, resulting in improved 
crop yield. 

Bacillus as biocontrol agents has been used for 
biological control of soilborne phytopathogens that affect 
many host plants (Zhang et al. 2009). Mehta et al. (2010) 
have reported the presence of almost all PGP attributes in 
Bacillus circulans MTCC 8983. In vitro inhibition of 
various phytopathogens by B. subtilis ME488 has also been 
reported (Chung et al. 2008). Our research showed that our 
strains could suppress pathogenic effects of R. syzigii 
subsp. indonesiensis and Fusarium oxysporum in plants. 
Antagonistic mechanisms of endophytic bacteria towards 
pathogens are mainly related to antibiosis, competition, 
lysis, induction of plant defense and plant growth (Berg 
and Hallman, 2006). Kloepper et al., (1999) reported that 
induced systemic resistance (ISR) might be one of the most 
important operating mechanisms when it is dealing with 
biocontrol of systemic plant pathogens, such as bacterial 
wilt. There are also researches reported that bacterial 
inoculations could be triggered by bacterial inoculations. Ji 
et al., (2008) also reported that endophytic B. subtilis 
strains could induce ISR of mulberry plants against 
bacterial wilt disease.  

Our research also found that all Bacillus spp. strains 
acquired from the previous research could both control 
Ralstonia and Fusarium wilt and promote growth rate of 
chili pepper in field condition. We conclude that these 
happened due to the strain ability to produce several 
beneficial substances that affect growth promotion in chili 
peppers. Bacillus spp. are considered as one of the safest 
microorganisms that hold remarkable abilities for 
synthesizing a vast array beneficial substances (Stein 
2005).  

Bacillus spp. having potent growth promoting traits 
such as IAA production, phosphate solubilization, nitrogen 
fixation, and biocontrol attributes like production of HCN, 
siderophore, hydrolytic enzymes, and antibiotics have been 
isolated (Senthilkumar et al. 2009). Bacillus strains have 
the advantage of being able to form endospores which 
confers them to high stability as biofungicides or 
biofertilizers (Schisler et al. 2004). Idris et al. (2007) firstly 
demonstrated the production of reasonable quantities of 
IAA from Gram-positive bacterium B. amyloliquefaciens 
FZB42 and IAA production was enhanced when the 
bacterium was fed with tryptophan. In vitro IAA 
production by Bacillus spp. in significant amount has also 
been reported by Singh et al. (2008) and Mehta et al. 
(2010). It has been highlighted that the role of bacterial 
IAA in different plant-microbe interactions is the fact that 
bacteria use this phytohormone to interact with plants as 
part of their colonization strategy, including 
phytostimulation and circumvention of basal plant defense 
mechanisms (Ahmad et al. 2008; Samuel and 
Muthukkaruppan 2011). 
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Our results showed that all the endophyte strains used 
are effective in controlling Ralstonia and Fusarium Wilt 
Disease on Chili Pepper. Those strains might be used as 
promising indigenous biocontrol agent strains for 
successful management of Ralstonia and Fusarium Wilt 
disease, moreover, those strains also had opportunity for 
wider usage. However, the further study to know their role 
in plant growth promotion and pathogen suppression, and 
moreover for its commercial use should be done. 
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Abstract. Nursamsi I, Partasasmita R, Cundaningsih N, Ramadhani HS. 2018. Modeling the predicted suitable habitat distribution of 
Javan hawk-eagle Nisaetus bartelsi in the Java Island, Indonesia. Biodiversitas 19: 1539-1551. Javan hawk-eagle (Nisaetus bartelsi) is 
an endemic raptor of Java Island. The conservation status of Javan hawk-eagle (JHE) according to IUCN is endangered (EN) and 
included in CITES Appendix II list, and this species is also protected by the Indonesian government law based on act no. 5, year 1990. 
The position of Javan hawk-eagle as a top predator is now very threatened by habitat fragmentation, wildlife trade, and the declining 
quality of its habitat. The primary purpose of this study was to give preliminary information about the distribution of predicted suitable 
habitat for JHE as a means of finding potential releasing sites, as an evaluation for habitat protection, and even as an option for the 
development of new JHE protected areas. However, mapping the spatial distribution of potential habitat for JHE using terrestrial survey 
is problematic because it requires enormous time, fund, and human resources. The most possible approach is by using Ecological Niche 
Modeling (ENM)/species distribution modeling (SDM). In this study, modeling exercise was conducted by using a maximum entropy 
method as an adaptation from Maxent software ver. 3.4.1, with the utilization of JHE-nest coordinate data and 16 environmental 
variables datasets as the main input. The predicted suitable habitat distribution map has shown a good match with historical and present 
records of JHE and has fairly succeeded in capturing a wide range of habitat patches from tiny spots to quite large suitable habitat. 
Modeling results also showed that altitude, annual mean temperature, and two types of land cover (closed shrub, and forest area) are 
considered to be most important variables affecting the distribution of potential habitat for JHE. Moreover, about 17.77% (23,209 km2) 
area of Java Island has been projected to be suitable for Havan Hawk-Eagle's habitat, which mostly spread in mountainous areas while 
also appear in several lowland areas. This study suggests the importance of topographic, climatic, and land cover as pivotal predictors in 
determining the suitability of habitat for JHE. This study also shows that the modeling results have a good match with the historical 
records of JHE across the island, which suggests the overall accuracy of the model.  

Keywords: Distribution habitat modelling, ecological niche modelling, Javan hawk-eagle, maximum entropy, Nisaetus bartelsi 

INTRODUCTION 

Biogeographic regions with a significant reservoir of 
biodiversity, known by the term “biodiversity hotspots," 
cover only 2.3% of the earth’s land surface but host 42% of 
the world’s vertebrates (Jha and Bawa 2006). Currently, 
none of these hotspots have more than one-third of its 
pristine habitat left, and all these whole regions face 
deforestation threat caused by human population growth 
and development; this pressure being exceptionally high in 
the tropical regions (Brooks et al. 2002). The tropical 
rainforests in Sundaland are part of the biodiversity 
hotspot. Sundaland is one part of the country of Indonesia 
with a high diversity of bird species, with the highest rates 
of deforestation in East Asia (Giam et al. 2011). The high 
biodiversity in Java is concentrated only in certain areas, 
and this is because it is strongly influenced by the extreme 
population growth and deforestation (Miettinen et al. 2011; 
Partasasmita 2009; Safana et al. 2018). 

The response of species in areas threatened by 
deforestation is important to know (John and Skorupa 

1987). While some species may be able to positively adapt 
to landscape changes made by human (Sodhi et al. 2010; 
Partasasmita et al. 2009), for most, the landscape changes 
that lead to decreased quality of habitat adversely affect the 
survival of the species (Fahrig 2007). In the effort to develop 
a conservation plan for the species threatened by 
deforestation and changes in habitat quality, the collection 
of data on their habitat preferences, as well as the 
availability of suitable habitats in an area, is vital (John and 
Skopura 1987). Conservation methods to assess the 
suitability of habitat for the species has grown to be able to 
build a model which relates species distribution to 
environmental characteristics (Guisan et al. 2006). The 
model could be a useful tool in the selection of protected 
areas for maximizing biodiversity conservation (Rodriguez 
et al. 2007). 

Javan hawk-eagle (Nisaetus bartelsi) is an endemic 
raptor of Java Island which is currently severely threatened 
by both wildlife trade and habitat loss. Javan hawk-eagle 
(JHE) became one of the most endangered raptors in 
Indonesia (Rakhman 2012; Partasasmita et al. 2016); 
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consequently, Javan hawk-eagles are classified as 
'Endangered' (EN) on the IUCN Red List and listed in 
Appendix II of CITES. Despite Javan hawk-eagles facing a 
severe threat to its existence, our knowledge of their habitat 
preferences and the distribution of its habitats in Java 
Island is limited. Various attempts to mapping the habitat 
distribution of Javan hawk-eagles habitats were limited 
only to recording occupied habitat; therefore data about 
habitat suitability for Javan hawk-eagle are often neglected. 
However, collecting these data through direct field surveys 
will require enormous human resources, funding, and time, 
then a different approach is needed.  

In the last few decades, attention toward understanding 
the characteristics of preferred habitat of certain species 
and the distribution of potentially suitable habitat leads to a 
marked increase of interest in the use of Ecological Niche 
Modeling (ENM) (Merow et al. 2013; Fourcade et al. 
2014). ENM, also known as Species Distribution Modeling 
(SDM), which was developed in the mid-1980 (Booth et al. 
2014), comprehensively involving the utilization of 
statistic, ecology, Geographic Information System (GIS), 
and even Remote Sensing (RS) to develop estimation of 
suitable niche for species across predefined landscapes 
(Franklin and Miller 2009), while also can be extrapolated 
through different space and time (Guissan and Thuiller 
2005; Elith and Leathwick 2009; Franklind and Miller 
2009). This modeling will be useful for JHE conservation 
efforts as a means of finding potential releasing sites, as an 
evaluation for habitat protection, and even as an option for 
the development of new JHE protected areas.  

Such modeling can be conducted using a variety of 
alternatives, including heuristic models (e.g., BIOCLIM—
Beaumont and Hughes 2007), combinatorial optimization 
(e.g. GARP-Fitzpatrick et al. 2007), statistical models (e.g. 
GAMs-Jensen et al. 2008), and machine learning (e.g. 
ANN— Ostendorf et al. 2001; Berry et al. 2002; Harrison 
et al. 2006; MAXENT—Phillips et al. 2006) (Sinclair et al. 
2010). Each of these approaches, indeed, has their 
advantages and disadvantages. Nevertheless, one of the 
most growing approaches of ENM is through the use of 
Maximum Entropy (Maxent) algorithms (Belgacem and 
Louhaichi 2013). Maxent modeling has a high potential for 
identifying distributions and habitat selection of wildlife 
given its reliance on only presence locations and has shown 
higher predictive accuracy than many other methods 
(Phillips et al. 2006; Baldwin 2009; Franklin and Miller 
2009; Elith and Frankling 2013; Peterson et al. 2011; 
Remya et al. 2015). Being a general-purpose machine 
learning method, Maxent offers a precise and straight 
forward mathematical formulation to characterize 
probability distribution across a user-defined landscape 
(Phillips et al. 2006; Merow et al. 2013). Maxent is a 
software package which was developed for ENM/SDM 
given presence-only species records (without the need of 
absence data) and a “background” sample of environments 
in the region of interest (Phillips et al. 2006; Phillips and 
Dudık 2008). Therefore, we refer to this type of data 
requirements as “Presence-Background” (PB) data.  

In general, Maxent works by applying the maximum 
entropy principle (Jaynes 1957) to fit the model so that the 
estimated distribution diverges from a uniform distribution 

as minimally as required to explain the observations 
(Guillera-Arroita 2014). Elith et al. (2011) have explained 
this software intuitively from a statistical point of view by 
looking at the environmental domain, even though the 
algorithm within this software works in geographic space 
(Philips et al. 2006). Herewith, we try to follow this 
interpretation to explain this software briefly. PB data are 
used to obtain a set of environmental characteristics at the 
presence site of species and at background location of 
study (which are a regular or random sample of the 
landscape or could be intended to match the recognized 
biases in the sampling process). Otherwise stated, Maxent 
examines the ratio of ƒ1/ƒ, where ƒ1 is the probability 
distribution defining the characteristic of sites wherein the 
species occurs, and ƒ is the probability distribution 
depicting the environmental attributes of the sites wherein 
the species is absent (y = 0) and present (y = 1). This ratio 
corresponds to the probability of presence given the 
environmental covariates ȥ, thus Pr (y = 1|ȥ) = ψ (ȥ), but the 
scaling factor (the prevalence of the species over the 
landscape, Pr (y = 1) = ) cannot be identified from PB 
data only (Elith et al. 2011; Hatic and Fithian 2013; 
Phillips and Elith 2013; Guillera-Arroita 2014). The simple 
output or the ‘raw output’ of Maxent is the estimate of ƒ1/ƒ 
scaled to sum to 1 over the fitted background and 
representing the probability distribution over sites x, given 
the species exist at site x; Pr (x|y = 1) (Phillips et al. 2006). 
Therefore, as currently implemented, that raw output 
represents ψ (ȥ)/ (n. ), where n is the total number of 
points in the background sample. Nonetheless, the raw 
output only represents relative suitability, as it is 
proportional to inhabitancy probabilities by a factor that is 
not identifiable without external data (Guillera-Arroita 
2014).  

With the purpose of estimating the ratio ƒ1/ƒ, Maxent 
fits an exponential model so that log (ƒ1/ƒ) = η (ȥ), where η 
(ȥ) is a linear term of a set of features. Features, which in 
Maxent can belong to six classes (i.e., linear, product, 
quadratic, hinge, threshold, and categorical), represent a 
broaden set of transformations of the covariates (Phillips 
and Dudik 2008). Moreover, features offer a great 
flexibility to fit complex environmental relationship, and 
Maxent utilizes regulation to control the trade-off between 
model complexity and model fit as a means to avoid 
overfitting (Guillera-Arroita 2014). Nevertheless, instead 
of working with Maxent's "raw output," it is more common 
for users to work with "logistic output." Using a logistic 
transformation which based on a user-specified parameter 
‘tau,' this output scales the raw values into a scale of 
relative suitability ranging between 0 and 1 (Elith et al. 
2011). This parameter is the prevalence for sites with 
‘average’ environmental conditions under ƒ1 and by default 
is set to an arbitrary value (τ = 0.5) (Elith et al. 2011). 
Therefore, the output represents the probability of the 
species occurs on each location/sites or can be interpreted 
as a probability of suitable habitat for the species based on 
the environmental variables included in the model. 

This study was then conducted as an attempt to model 
the distribution of potential habitat for JHE across the Java 
Island, while also tried to understand the environmental 
characteristics of preferred habitat based on the available 
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environmental variables. Climatic, topographic, Land use/ 
Land cover, and NDVI are variables used as predictors in 
determining the distribution of potential habitat suitability. 

MATERIALS AND METHODS 

Study sites 
This study was carried out in Java Island which has 

been known as one of the 25 identified biodiversity 
hotspots by Myers et al. (2000), overlapped with the four 
closest biologically richest hotspots such as Indo-Burma, 
Peninsular Malaysia, Wallacea, and The Philippines. The 
field survey was conducted from February until December 
2016 at nineteen locations across the Island, that we 
considered being representative of the niche breadth of the 
JHE based on reports from Sözer and Nijman (1924), 
Setiadi et al. (2000), and Prawiradilaga (2006). Field data 
collection was conducted to collect coordinate points of 
every JHE's nesting sites that were observed. 

Java Island has approximately 133,930 km2 of land 
area, with its altitude ranges from 0 m asl to about 3,676 m 
asl (meter above sea level). All of the locality points were 
collected both in the lowland and highland areas of Java. 
This island, like other areas in the equatorial zone, has only 
two seasons: wet season (during October-April) and Dry 
Season (during May-September). Java Island has a wide 
range of precipitation divided into different categories of 
the area. The western region of Java (Banten and West Java 
Provinces) and Central region of Java (Central Java and 
Special Region of Yogyakarta) have the same average 
rainfall at about 2,000 mm per year, but in some 
mountainous areas in western Java the number could reach 
up to 3,000-5,000 mm per year. Eastern area of Java, 
compared to the western region, has a less rate of 
precipitation at about 1900 mm per year (Qian et al. 2010). 
Likewise, the average temperature in Java can be ranged 
differently according to its altitude feature. Coastal areas 
have average temperature between 220C and 320C, while in 

higher areas with an altitude of between 400 and 1350 m 
asl, the average temperature ranges between 180C and  
290C. Higher altitude generally means a lower range of 
temperature, in this case, the lowest temperature in Java 
Island can reach minus 40C which was recorded in Ranu 
Pani area (slopes of Mount Semeru) (Hariyati et al. 2013). 

 

Procedures 
Field data collection 

Occurrence points of JHE were compiled from two 
primary sources, i.e., field survey and historical database. 
Field survey, aiming to collect the locality data of JHE's 
nest coordinates, was conducted by visiting sites mentioned 
above accompanied by local ornithologist or student who 
acknowledged the exact location of JHE's nest. The 
observation was conducted at a safe distance of about 50-
70 meters from the nest-tree of the bird, and coordinates 
were taken using GPS handheld receiver (Garmin© eTrex 
30). To determine the exact coordinate of the nest, we 
recorded the direction from observation point to the nest 
tree using a compass (Suunto© A-10 NH) and the distance 
between the nest tree and the observation point we took. 
These data were then used to adjust the position recorded at 
the observation point to the nest point using QuantumGIS 
ver 2.6 software. A total of 31 occurrence points were 
collected during this field survey. 

The second source of occurrence points were collected 
from the Global Biodiversity Information Facility (GBIF 
2017) database, which provides freely accessible occurrence 
points in its website (http://www.gbif.org) and birdlife 
database (http://www.birdlife.org/datazone/speciesfactsheet). 
From these databases, we collected occurrence points that 
were recorded no older than 2010 and recorded by human 
observation (not specimen records). All of the occurrence 
points were then carefully verified, and errors that may 
occur were corrected using Google Earth software (Google 
Earth Pro 2017). Indeed, strong geographic sampling biases 
may often present in such database which were derived 

 
 
 

 
 
Figure 1. Study site and survey location of N. bartelsi across Java Island: Green points are surveyed locations. (Base map: Google 
Physical Maps, 2014) 
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from opportunistic observation and collection of records 
(Stolar and Nielsen 2014). Therefore, sampling bias 
correction is highly important and strongly advised to be 
conducted to minimize its strong influence on modeling 
prediction ability and later interpretation (Fourcade et al. 
2013; Kramer-schadt et al. 2013; Fourcade et al. 2014). In 
their study, Fourcade et al. (2014) explained four types of 
biases that might be contained in such datasets, and then 
proposed five option methods of sampling bias correction 
which were carefully designed to overcome or minimize 
the effect of those biases. Subsequently, after identifying 
the type of sampling data biases contained in our 
occurrence data, we conducted two out of five sampling 
bias correction methods, i.e., (i) spatial filtering, performed 
by creating a grid of 3 km x 3 km cell size and randomly 
select only one point of occurrence per grid cell. 
Nonetheless, it should be noted that the size of this grid is 
not the representation of approximate species' dispersal 
capabilities, but rather as a result of modifying the 10-km 
radius rule of spatial filtering proposed by Kramer-Schadt 
et al. (2013) and Boria et al. (2014). The grid creation and 
point selections were conducted using QuantumGIS 
software ver. 2.18.14 (QGIS Development Team 2017). ii) 
Bias file creation, bias file is a probability surface 
represented by cell value which reflects the intensity of 
sampling effort across the area of study and gives a gradual 
weight to random background data used for modeling 
(Fourcade et al. 2014). Bias file can be artificially 
estimated using the aggregation of occurrences from 
closely related species (Phillips et al. 2009). However, in 
the real situation, this information is limited. Therefore, by 
following Elith et al. (2010), we produced a Gaussian 
kernel density map of the occurrence locations then 
rescaled it from 1 to 20 to be derived as bias file, instead of 
using our knowledge to create artificial bias file (Fourcade 
et al. 2014). This bias file was then included into Maxent 
modeling process through setting options (Dudik et al. 
2005; Elith et al. 2010; Phillips et al. 2017). The remaining 
17 points were then compiled with the occurrence points 
from the field survey to be used as input data.  
 
Table 1. Climate and environmental variables used to build the 
models 
 

Code Name Unit 

Alt Altitude m asl 
bio_1 Annual Mean Temperature 0C×10 
bio_2 Mean Diurnal Range 0C×10 
bio_3 Isothermality  ×100 
bio_4 Temperature Seasonality ×100 
bio_12 Annual Precipitation mm 
bio_13 Precipitation of Wettest Month mm 
bio_15 Precipitation Seasonality  mm 
bio_18 Precipitation of Warmest Quarter mm 
bio_19 Precipitation of Coldest Quarter mm 
LandCover_Java Land Cover in Java Island 2016  
broadleafjava Broadleaf forest coverage  
Evergreenjava Evergreen forest coverage  
Deciduousjava Deciduous forest coverage  
treecoverjava Tree coverage   
ndvi_all Averaged annual NDVI value  

Environmental variables data collection and Maxent 
modelling  

We selected the environmental variables in this study 
on the basis of earlier screenings of related variables 
expected to influence the existence of species (e.g., 
Prawiradilaga 2006; Syartinilia and Tsuyuki 2008; 
Fernandez and Gurrutxaga 2010; Sohl 2014; Ferrer-
Sanchez and Rodriguez-estrella 2016). Environment 
variables datasets collected to be used in this study 
amounted to 26 variables which included nineteen 
Bioclimate layers, altitude, land cover data, NDVI, and 
forest coverage data in Java Island. Bioclimate data were 
extracted from WorldClim Bioclimate datasets ver. 2.0 that 
provides 19 climatic variables that were interpolated and 
modeled from observations and averaged over the period 
1970 until 2000 at one km2 resolution 
(http://www.worldclim.org). Elevation data was also 
acquired from the WorldClim database. The Normalized 
Difference Vegetation Index (NDVI) is an index of plant 
“greenness” or photosynthetic activity from satellite 
imagery instruments (http://earthobservatory.nasa.gov) and 
also used to analyze the density of vegetation and to 
separate the healthy vegetation and unhealthy or sparse 
vegetation (Devadas 2008; Genc et al. 2008; Szilárd et al. 
2016). An average of annual NDVI data value was 
extracted from the SPOT-vegetation platform at 1 km2 
resolution (http://free.vgt.vito.be). Java Island land cover in 
2016 was obtained from http://glcf.umd.edu/data/lc/. Forest 
coverage data were acquired from http://glcf.umd.edu/ 
data/vcf/which consist of 4 types of forest coverage data, 
i.e., Evergreen forest coverage, Deciduous forest coverage, 
broadleaf forest coverage, and tree coverage data generally 
in Java. All of these layers were processed through several 
steps including resampling data, image cutting, and type 
file converting by using Qgis Software ver. 2.18.14 (QGIS 
2017). 

It has been proved that the high inter-dependency 
among the bioclimatic variables gives a raise to the issue of 
redundancy and multicollinearity (Bedia et al. 2012). Even 
though neglecting this multi-collinearity issue will not 
affect the predictive quality of the model significantly 
(Elith et al. 2011), it does, however, negatively affecting 
model interpretability, limiting any inference of the 
contribution of any correlated variables, and also 
hampering the ability of the model for extrapolation 
(Brauner and Shacham 1998; Van Gils et al. 2012, 2014). 
Consequently, we omitted the bioclimatic variables 
yielding correlation values above 0.95 (Spearman's rho 
coefficient) in the pairwise cross-correlation matrix of each 
dataset (intra-dataset correlations) (Bedia et al. 2013). 
SDM toolbox ver. 2.0 (Brown 2014) in ArcGIS ver.10.3 
was used to perform the calculation and automatically 
removed each one of the two correlated variables. Finally, 
the remaining nine bioclimatic variables along with 
altitude, NDVI, Land cover, and Forest coverage layers 
were then compiled to be used as predictor variables in this 
study (table 1). Supplementary table on land cover class 
and its code representation could be found here 
(http://glcf.umd.edu/data/lc/).  
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Maxent modelling 
Modeling exercise in this study was conducted using 

Maxent software ver. 3.4.1 (Phillips et al. 2017). Maxent 
has been proved to provide better results than other 
modeling algorithms with the basis of presence-only data 
(PO) and environmental variables (Philips and Dudik 2008; 
Summers et al. 2012). The popularization of Maxent is also 
due to its higher predictive accuracy than any other methods 
(Elith et al. 2006; Summers et al. 2012), with more than 
1000 published studies using this software since 2005 
(Merow et al. 2013; Fourcade et al. 2014). Furthermore, 
Maxent also offers a wide variety of setting options which 
will be different in each case and occasionally requires 
species-specific settings (Merow et al. 2013). Therefore, in 
this study, we tried to ensure that the setting options were 
adjusted to our specific study aims, hypothesis, and our 
intended a priori assumptions (Peterson et al. 2011; Araujo 
and Peterson 2012; Merow et al. 2013). The adjusted 
parameters were : (i) maximum iterations was set to 5,000 
for each run to allow the model to have adequate time for 
converging, (ii) Convergence threshold was set to 1×10-6, 
(iii) The model calculation was set to ten times (the 
averaged value was the one used as the result) using "cross-
validate" as the replicated run type. Using "cross-validate" 
means to split the data ten times (10% per partition) then 
train the model ten times on 90% of the data, while testing 
it each time on the 10% partition alternately. To avoid 
over-fitting and to assume that the species responds directly 
to the predictors (vs. to correlated factors), we decided to 
"smooth" the model by choosing only hinge features (Elith 
et al. 2010). Furthermore, we doubled the "regularization 
multiplier" to reduce over-fitting to a lower level 
(Radosavljevic and Anderson 2013).  

Data analysis 
One of the main outputs of Maxent is a predictive map 

representing the distribution of potentially suitable habitat 
for the species. The degrees of predicted suitable habitat 
are linearly scaled from 0 (lowest) to 1 (highest) 
probability (Philips and Dudik 2008). Additionally, Maxent 
also calculated the variables' relative contribution to the 
model and how these variables affect the prediction. 
Alternate estimation of variable importance was also 
collected by running the jackknife test. The results of the 
jackknife test show which variable have the most useful 
information by itself and which variable appears to have 
the most information that is not present in other variables 
(Phillips et al. 2009). The predictive maps, which by 
default are in ASCII format, were further analyzed using 
QuantumGIS software ver. 2.18.14 (QGIS Development 
Team 2017). To allow us to quantify the geographical 
distribution of predicted suitable habitat, we applied binary 
calculation and categorizing the values into two categories 
(i.e., suitable and unsuitable) using the selected threshold 
rule in the setting option of Maxent. Selecting the threshold 
rule, indeed, is one of the many sources of bias that should 
be minimized by Maxent user (Phillips and Dudik 2008; 
Nenzen and Araujo 2011; Bean et al. 2012; Syfert et al. 
2013). Selecting threshold rule should incorporate 
consideration of relative importance difference between 
commission error and omission error (Phillips and Dudik 

2008; Nenzen and Araujo 2011; Bean et al. 2012; Syfert et 
al. 2013). Considering that reducing omission error is more 
important determinant than reducing commission error, 
Norris (2014) proposed “minimum training presence” or 
“fixed cumulative value 1” as the most appropriate rule. 
Liu et al. (2016) in their study also supporting those 
proposed threshold rule as appropriate for modeling a rare 
species. Therefore, we selected “minimum training 
presence” threshold rule to be used in this study. The 
predicted suitable habitat was then reclassified into three 
classes: low suitability (25 - 50% probability of 
occurrence), medium suitability, (51 - 75% probability of 
occurrence), and high suitability (>75% probability of 
occurrence), by using the "natural breaks (Jenks) 
classification method in Reclassify Analysis of ArcMap 
ver. 10.3.   

Maxent will calculate an Area Under the receiver 
operating characteristic (ROC) Curve (AUC) to evaluate 
the model performance. AUC value ranges between 0 
(lowest) and 1 (highest), whereby value from 0 to 0.5 
represents that the model is no better than just random 
prediction, value below 0.7 is low, value between 0.7 and 
0.9 is good, and value above 0.9 indicates high 
discrimination or indicates that the model is far better than 
random prediction (Araujo et al. 2005). Despite having 
been proved that AUC does not necessarily provide useful 
information to assess and/or to evaluate the model 
performance (Lobo et al. 2008; Bahn and McGill 2013; 
Aguirre-Gutiérrez et al. 2013), we reported it to illustrate 
that the predictions in this study perform better than any 
model with a set of random predictors. Additionally, we 
conducted True Skill Statistic (TSS) (also known as the 
Youden index) calculation as an additional measurement to 
evaluate the performance of the model by calculating the 
summary of sensitivity and specificity minus one (Youden 
1950; Allouche et al. 2006). Several studies have also 
demonstrated the use of Kappa statistic as a post-hoc 
evaluation for the Maxent model (e.g., Duan et al. 2014; 
Ali and Hossein 2016; Bagheri et al. 2017). However, 
Kappa value is highly correlated to the prevalence of the 
locality points and the size of the study area which would 
generate some bias or misunderstanding (Lobo et al. 2008; 
Fourcade et al. 2017). Moreover, due to the fact that both 
AUC and Kappa are weighting commission and omission 
errors equally (Allouche et al. 2006; Lobo et al. 2008; 
Jimenez-Valverde 2012, 2014; Fourcade et al. 2017), 
Kappa, just like AUC, is more reliable if it is applied in PA 
(Presence-Absence) model. Consequently, in case of this 
study where presence only data were used, we assume that 
the use of TSS is more suitable than the Kappa statistic.  

RESULTS AND DISCUSSION 

Identifying important environmental variables and 
model evaluation 

We generated the predicted distribution of potentially 
suitable habitat for JHE based on observed nest locations 
compounded with sixteen climatic and environmental 
variables. According to the calculation of the relative 
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contributions of environmental variables to the Maxent 
model, there were three variables considered to have the 
most contribution to the model. These variables are 
representative of all major aspects of environmental 
variables included in the model, i.e., altitude (alt), Annual 
mean temperature (bio_1), and land cover, accounting for 
58.6%, 21.6%, and 6.4%, contribution to the final result of 
the prediction, respectively (Table 2). The cumulative 
contributions of these variables contributed in a total of 
86.6% to the model, whereas the remaining variables, each 
contributed less than 5% to the model, suggesting that the 
suitability of habitat for JHE are strongly influenced by the 
altitudinal factor, average temperature, and types of land 
cover in the area. 

Additionally, we retrieved the alternate estimation of 
variable importance through the utilization of the jackknife 
test. The results showed that for the model, the 
environmental factor with the highest gain when used in 
isolation is annual mean temperature and altitude, which 
means that these variables appear to have the most useful 
information by itself (Phillips et al. 2008). Furthermore, 
temperature seasonality (bio_4) variable seemed to have 
the most unique information that is not present in the other 
variables as, according to the test, omitting this variable 
will reduce the regularized training gain the most (Phillips 
et al. 2008).  

A post-hoc evaluation of ecological niche modeling is 
commonly performed to assess the statistical significance 
and the predictive performance of the model, before being 
used or interpreted in any procedure (Peterson et al. 2011). 
The Area Under the receiver operating characteristic 
(ROC) Curve (AUC) value may have been highlighted; it 
can be misleading and may poorly reflect the model 
accuracy (Lobo et al. 2008; Peterson et al. 2008; Jimenez-
Valverde et al. 2013; Fourcade et al. 2014). Nevertheless, 
we retrieved the AUC value of 0.893 to indicate that the 
model built in this study performs better than any model 
with a set of random predictors, and to show the 
discrimination ability of the model (Lobo et al. 2008; 
Peterson et al. 2008; Jimenez-Valverde 2012, 2014; 
Fourcade et al. 2017). Furthermore, an additional 
evaluation of the model was conducted by calculating the 
True Skill Statistic (TSS) value. By calculating the 
summary of sensitivity and specificity minus one, we 

retrieved a TSS value of 0.87 for the model. This value, 
which is above 0.70, gives the impression that the model 
built for this study have a good degree of agreement, good 
predictive capacity, and also can be interpreted as 
preliminary evidence for the real ecological phenomenon, 
based on the environmental variables being used, rather 
than just statistical artifacts (Allouche et al. 2006; Li and 
Guo 2013).  

The relationship between the models and the dominant 
environmental variables 

In this study, we presented the response curves to 
illustrate how each of the prevailing environmental 
variables affects the model prediction. We used the 
response curve which represents model created using only 
the corresponding variable to reflect the dependence of 
predicted suitability both on the selected variable and on 
dependencies induced by the correlation between the 
selected variable and other variables (Phillips et al. 2008). 
The relationship between probability of presence and 
altitude (alt) (Figure 2.A) depicted that the probability of 
presence increased gradually along with the increase of 
altitude, reach above the 50% of probability of presence at 
the a l t i tude  of 1 ,200 m asl  and reached  i t s  peak 
 
 
Table 2. Percentages of variables contributing to the final model 
 

Environmental variables Contribution (%) 

Altitude 58.6 
Annual Mean Temperature 21.6 
Land Cover 6.4 
Temperature Seasonality 5 
Broadleaf forest coverage 2.8 
Ishotermality 2.3 
Mean Diurnal Range 1 
Precipitation of Coldest Quarter 0.7 
Averaged annual NDVI value 0.4 
Evergreen forest coverage 0.4 
Tree coverage 0.3 
Precipitation of Warmest Quarter 0.2 
Annual Precipitation 0.1 
Precipitation Seasonality 0.1 
Precipitation of Wettest Month 0 
Deciduous forest coverage 0 

 
 
 

  
A B C 

 
Figure 2. Response curves from Maxent for the most important variables for the species distribution model of JHE. A. Response curve 
for altitude variable in m asl (meters above sea level; B. Response curve for Annual Mean Temperature in 0C*10; C. Response curve for 
land cover variable with every category represented by numbers 
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Figure 2. Predicted distribution of potential habitat for Javan hawk-eagle in across Java Island, indonesia (Base map: Google Physical 
Maps 2014) 
 
 
 
 
 (probability of presence = >90%) at the altitude of about 
1800 m asl. Thus, it can be expected that the optimum 
altitude for JHE's habitat is at above 1,800 m asl. The 
annual mean temperature (bio_1) was another critical 
variable that affected the suitability of habitat for JHE 
(Figure 2.B). The curve shows that there was a negative 
correlation between the probability of presence and the 
average temperature, presenting that the probability of 
presence decreased with the increase of average 
temperature, wherein the lowest probability of presence 
occurred at the temperature above 240C. Regarding the 
land cover in Java Island, the response curve depict that 
forest area (no 8 in Figure 2.C) and closed shrubland (no. 6 
in Figure 2.C) as having the most probability of species 
presence, with the probability value of 0.90 and 0.87, 
respectively.  

Predicted distribution of potential suitable habitat for JHE 
Projected distribution of predicted suitable habitat for 

JHE under current climate and environmental condition is 
shown in Figure 2. Subsequent to categorizing the output 
into two categories (suitable vs unsuitable) using the 
aforementioned threshold rule (see method), the predicted 
suitable habitat were then reclassified into three classes: 
low suitability (25-50% probability of occurrence), 
medium suitability (51-75% probability of occurrence), and 
high suitability (>75% probability of occurrence) to allow 
us to compare the changes in every class of probability 
under future climate projection. According to the result, 
about 17.77% (23,209 km2) area of Java Island has been 
projected to be suitable for the JHE’s habitat. The number 
consisted of 9.31% (12,163 km2), 5.81% (7,585 km2), and 
2.65% (3,461 km2) of low, medium, and high probability 
areas, respectively (Figure 2). 

The predicted suitable habitat distributed mainly on the 
mountainous areas of Java Island. Nonetheless, the 

surrounding lowland areas also predicted to be suitable as 
JHE's habitat, despite mostly predicted to have low 
probabilities of presence. Altitudinally, the low probability 
areas were mainly distributed in lowland areas at the 
altitude of between 200 and 1100 m asl, whereas medium 
probability areas were mainly distributed at altitude of 
between 1100 and 1500 m asl. Furthermore, the models 
predicted that the high probability areas were mainly 
distributed in the highland region at the altitude of above 
1500 m asl (Figure 3).   

Discussion 
This study represents an attempt to model the 

distribution of potential habitat for JHE across the island 
while also trying to gather information on its preferences of 
climatic and environmental conditions. In our modeling 
exercise, altitude and annual mean temperature were 
predicted as two of the most important factors determining 
the suitability of JHE's habitat (Table 2). The model in this 
study depicts a positive correlation between the probability 
of presence and increase in altitude, wherein the high 
probability of presence (above 50%) was mainly predicted 
at the altitude of above 1200 m asl. Regarding this 
altitudinal factor, it is in accordance with Van Balen et al. 
(2001) study which found that JHE is generally 
encountered in undulating, hilly, or mountainous terrain. 
Altitudinally, JHE species will be found at the altitude of 
between sea level and about 2500 m asl. However, this 
species are more frequently encountered in secondary 
forest and evergreen forest at above 1200 m asl 
(Partasasmita et al. 2017). This elevational preference is 
similar to some of the other raptor species such as 
Eleonora's falcon (Falco eleonorae), bearded vulture 
(Gypaetus barbatus), and lesser kestrel (Falco naumanni) 
(Donazar et al. 1993; Bustamante 1997; Urios and 
Martinez-abrain 2005). 
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Table 3. Predicted habitat patches in the mountainous areas of 
Java, Indonesia 
 

Province Patch (Area) 
Size 

(km2)a 
Status 

Past 
Records 
(1980 - 
2005) 

Banten Ujung Kulon 217.41 NP  
 Mt. Aseupan 34.99 PF  
 Mt. Pulasari 9.89 PF  
 Mt. Karang 47.69 PF  
    
West-Java Mts. Gede-Pangrango 187 NP  
 Mt. Halimun-Salak 576.91 NP  
 Mt. Patuha 83.97 PF  
 Mt. Malabar 40.1 PF  
 Mts. Wayang-Windu 4.45 PF  
 Mt. Kendeng 52.1 PF/NR  
 Mt. Papandayan 61.8 PF/NR  
 Mt. Cikuray 94.7 -  
 Mt. Galunggung-Talagabodas104 NR  
 TN. Ciremai 98.8 NP  
 Mt. Tangkuban Parahu 113 PF/NR  
 Mt. Kamojang-Guntur 104 NR  
    
Central-
Java 

Mt. Slamet 236 PF  
Mts. Dieng (Kemulan, 
Sumbing, Sundoro) 

262 PF  

 Mt. Merapi-Merbabu 119.9 PF  
 Mt. Telomoyo 61.5 -  
 Mt. Ungaran 56.9 PF  
 Mt. Muria 94.8 PF  
    
East Java Mt. Lawu 169 PF  
 Mt. Liman-Wilis 189 PF  
 Mt. Arjuna-Butak 527 PF/GFP

/NR 
 

 Mt. TN Bromo-Tengger-
Semeru 

771 PF/NP  

 Mt. Argapura 671 WR  
 Mt. Raung-Ijen 1091 PF/NR  
 Mt TN Baluran 102 NP  
 TN Meru Betiri 609 NP  
 TN Alas Purwo 370.3 NP  
Note: aSum size of medium and high probability of presence 
areas. Status: NP, National Park; GFP, Grand Forest Park, NR, 
Nature Reserve; WS, Wildlife Sanctuary; PF, Protection Forest. 
Past Record References : Sozer and Nijman 1995; Hapsoro et al. 
1998; Afianto 1999; Van Balen et al. 1999; 2001; Setiadi et al. 
2000; BridLife International 2001; Utami 2001; Suparman 2002; 
Hendarsah 2003; Yuda et al. 2003; Mikoyan 2004.)  

 
 
 
Furthermore, one of the main predictors of habitat 

suitability is energy availability, which can be crudely 
defined as mean average temperature (Lennon et al. 2000). 
It has been commonly known that altitude and temperature 
are highly correlated and it can be difficult to disentangle 
the variation of local temperature from that of altitude. The 
causal relationship between habitat suitability and 
temperature are still vague and unclear. However, we can 
identify two broad categories of how temperature affects 
the degree of habitat suitability, i.e., indirect and direct 
mechanisms. In the indirect mechanism, temperature 

affects the suitability of habitat through complex pathways 
involving its effects on resources availability, the density of 
population, competition, and other biotic interactions. 
Furthermore, the temperature may control the quantity and 
seasonal availability of prey species and, therefore, 
influence the population dynamics of JHE. On the other 
hand, a direct mechanism of how temperature may affect 
the species has been proposed by Turner et al. (1988; 
1996), wherein the temperature is affecting the species 
directly on the energy budget of its homeotherms. Areas 
which have colder temperature impose greater 
thermoregulatory loads of species and force the species to 
devote relatively more energy to regulate their body 
temperature. As a consequence, less energy is available for 
other activities, such as for growing and reproducing. 
Whereas areas which have higher temperature will affect 
the physiological traits of the bird such as affecting 
breeding time, laying eggs pattern, and hatching time 
(Blondel 1985; Perrins and McCleery 1989; Woodburn 
1997; Buse et al.1999; Parmesan and Yohe 2003; Parmesan 
2007; Visser et al. 2009; Both et al. 2014). The 
characteristic of actually suitable habitat for JHE which is 
mainly on the higher altitude, wherein tend to have a lower 
temperature than the lowland areas, is in line with the 
pattern on the response curve model that suggests the most 
optimum range of temperature for JHE's suitable habitat is 
at between 80 and 200C.  

The model exercise suggested that forest area and 
closed shrubland area as having the highest probability of 
presence accounting the probability value of 0.90 and 0.87, 
respectively. Accordingly, JHE's nests, during field 
observations, were generally encountered in mountain and 
hills areas which is still covered by the remaining natural 
forest of Java Island. Generally, natural forests in this 
island have been cleared due to various anthropogenic 
activities, and the remnants are now constrained to 
mountain areas (above 1200 m asl) with only limited areas 
of natural lowland forest (below 1200 m asl) remaining 
(Whitten et al. 1996; Prasetyo et al. 2009; Partasasmita et 
al. 2017). In the study conducted by Prawiradilaga (2006), 
it is stated that the home-range of JHE covers not only 
forest area but also production forest, cultivated area, and 
plantation areas. Nevertheless, an intensive study 
conducted by Kuswandono et al. (2003) and Nijman and 
Prawiradilaga (2003) showed that the forest areas 
(secondary and evergreen forests) are more frequently used 
by JHE as nest location than other habitat types. 
Furthermore, the model in this study also suggested that 
shrubland plays a vital role in the degree of habitat 
suitability as one of the preferred habitat types. Shrubland 
areas in Java are often found as an ecotone of between the 
forest areas and cultivated areas or plantation areas. 
Moreover, most of the prey species of JHE are small 
mammals such as squirrels (Sciuridae), small rodents 
(Muridae), tree shrews (Tupidae), and Lesser Mouse Deer 
(Tragulus javanicus) (Prawiradilaga 2006) which often 
found in shrubland areas. Accordingly, most of the JHE 
nest trees are located on the steep slope between the forest 
and shrubland areas.  
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Figure 3. Predicted altitudinal distribution of JHE’s suitable habitat across the Java Island, Indonesia 
 
 
  
 

Various attempts on habitat modeling of JHE have been 
conducted using different approaches. By using logistic and 
autologistic regression models, Syartinilia and Tsuyuki 
(2008) modeled the distribution of JHE's habitat in Mt. 
Gede-Pangrango National Park (TNGP) and its 
surrounding area. Utilizing presence nests data, pseudo-
absence data, which were generated through a random 
selection process, and several environmental variables, this 
study successfully identified the preferred habitat of JHE 
based on its environmental variables and modeling the 
habitat patches distribution surrounding the TNGP area. By 
validating the results with the historical data, this study also 
showed a significant overall accuracy of the results and the 
results also could be useful for conservation management 
activities of this species. Subsequently, Syartinillia et al. 
(2014) conducted a GIS-based habitat model of JHE by 
using an inductive approach in the entire Java Island. They 
demonstrated that by using autologistic regression, it is 
possible to extrapolate the preceding local study into the 
whole area of Java Island. Moreover, this study also 
developed an estimation of JHE population by dividing the 
area of predicted suitable habitat by assumed minimum and 
maximum home-range size. However, the predicted 
suitable area in this study was mostly distributed in the 
mountainous areas and failed to identify the suitability 
habitat of JHE in lowland areas, even though the species 
had been found in these locations. Afterward, in 2017, 
Nurfatimah et al. conducted a study to model the potential 
habitat of JHE in Central Java Province by utilizing multi-
scale approach at different image resolutions, i.e., 30 m2, 

90 m2, and 250 m2. This study demonstrated the utilization 
of logistic regression to model JHE's habitat patches in 
multi-scale images. The results of this study were able to 
highlight the feasibility of using different image resolutions 
to model the distribution of predicted habitat for JHE, 
while also provided more options for the conservationist to 
choose the most suitable image scale for managing, 
planning, and monitoring species based on the scale of 
application. 

Overlaying the World Database Protected Area of Java 
into the predicted map gives preliminary information that 
most of the predicted suitable areas fall into protected 
areas, wherein almost all of them are predicted to have 
medium to high suitability. Moreover, predictive maps also 
depict some of the predicted suitable habitats that fall 
outside the protected areas. The non-protected areas are 
mostly cultivated area and forest plantation area which are 
mainly owned and operated by the state-owned company. 
The predictive map also has shown a good match with 
historical records of JHE, with only three locations which 
were predicted to be suitable but neither historical nor 
current records can confirm it. Despite various 
measurements have been taken to minimize errors in the 
model caused by bias on the sampling data (see method), it 
is inevitable that such omission and commission errors may 
still present in the result of the model due to several 
reasons, i.e., (i) neither the dispersal rate nor the 
demography of meta-population of species was included in 
the model, since these variables are currently unavailable. 
A raptor species, such as N. bartelsi, has a wide dispersal 
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range, and for this reason, modeling the niche for this type 
of species is considerably better if absence data were 
included because it is known that the ENM/SDM model 
utilizes the actual absence data, rather than pseudo-
absences data. This is intended to produce a lower level of 
overprediction (Vaclavik and Meentemeyer 2009). (ii) The 
predictors used in this study have not yet comprehensively 
represented all of the environmental factors affecting the 
existence of the species, e.g., biotic interaction factor). iii) 
micro-climate variations affect the existence of species in 
the predicted areas but were not included in the model due 
to limited availability of data. Therefore, it is important to 
note that, like most of the ENM (SDM), the "predicted" 
distribution of suitable habitat does not represent the "true" 
prediction of the distribution of species, but rather the 
prediction of the distribution of "suitable" habitat based 
only on the predictors used in this study. Nonetheless, we 
may treat the results of this model as an appropriate 
representation of how the current climate condition and 
other variables shape the distribution of suitable habitat for 
JHE. Moreover, such modeling exercise provides critical 
information that can be utilized for research, planning, and 
management needs at landscape scales.  

Building more ideal model requires the availability of 
multiple compounding factors which are expected to have 
either direct or indirect effect on the target species and its 
associated biota. Currently, however, such ideal packages 
of data are limited. This limitation, in the availability of 
more detailed ecological and physiological data, prevents 
the construction of more ideal models (Morin and Thriller 
2009; Sinclair et al. 2010; Ellis 2011). Nonetheless, the 
recent development of new climate models and the refining 
of current climate models provide the opportunity to build 
more precise and ideal model. Further modeling attempt 
should also incorporate potential human-induced land 
use/land cover changes, biotic interactions between species 
in the regional ecosystems, more detailed ecological data, 
dispersal rates of species, meta-population demography, 
and better presence data which accurately represent the 
variability of ecological niche of species. In spite of all of 
the aforementioned limitations, this study provides the 
baseline of understanding the influence of macroclimate on 
shaping the distribution of potentially suitable habitat for 
JHE while finding out other possible areas which are 
currently unoccupied but likely can be occupied in the 
future. By using a different technique of species 
distribution modeling, such as profile technique (e.g., 
DOMAIN, ENFA) and Regression-based technique (e.g., 
GLM, GAM, and MARS), they may presents slightly 
different quantitative results and discrepancies in the 
potential distribution habitat may occur. Nonetheless, we 
believe that by using currently available resources of data, 
the overall trend and projection results would be similar.  
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Abstract. Razak A. 2018. The diversity of chemical compounds of bilih fish body (Mystacoleucus padangensis Bleeker) originating from 
Lake Toba and Lake Singkarak, Sumatra, Indonesia. Biodiversitas 19: 1552-1557. Bilih fish (Mystacoleucus padangensis) is an 
endemic fish in Lake Singkarak, West Sumatra. Bilih fish in Lake Singkarak experiencing pressure due to human activities that destroy 
the habitat of this fish in Lake Singkarak. The improvement of bilih fish habitat conducted by the government by introducing bilih fish 
to Lake Toba for bilih fish preservation. The purpose of this study is to describe the diversity of chemical compounds and their relation 
to several ecological factors that influence bilih fish in Lake Toba and Lake Singkarak. The research method is survey method. Bilih fish 
taken at three to four points on both Lakes. The distance between sample points is 8000 m. The result of this research is to find the 
morphology of bilih fish from Lake Toba bigger than bilih Lake Singkarak fish. The bilih fish Fins of Lake Toba have a 52.08% CaO 
compound (per 100 ppm sample), the fins of Lake Singkarak have a 53% CaO compound higher than Lake Toba, 51%. The content of 
Bilih Lake Toba fish muscle has P2O5 compounds 34,48% higher than Lake Singkarak with P2O5 34.58% higher, Bilih Danau Toba fish 
bone has CaO 57.66%, from Lake Singkarak 60,83%. Bilih Lake Toba has 97.32% Fluoride compound, higher than Lake Singkarak 
98.43%. The ecological conditions in Lake Toba are relatively similar to the condition of the waters in Lake Singkarak. 

Keywords: Bilih fish, chemical compounds, diversity, ecological conditions  

INTRODUCTION 

Bilih fish (Mystacoleucus padangensis Bleeker) is an 
endemic freshwater fish from Lake Singkarak, West 
Sumatra, Indonesia. Fish is an important food source for 
humans. Fish as a source of nutrition is very important for 
the human brain. The importance of fish as a food because 
of high quality, balanced, easily absorbed by human 
intestine that absorbs protein. The fish body has a very 
good vitamin, polyunsaturated fatty acid (Ravichaadran et 
al. 2011). Fish like energy depots from the fat source of the 
fish. Consumption of fish and fish products is 
recommended to prevent cardiovascular disease and other 
diseases. In addition, fish also play an important role in 
defending the human body from pathogenic attacks such as 
microorganisms (Ravichandran et al. 2011). The 
composition of fish chemical compounds as contained in 
the body of bilih fish, need to know and important to be 
processed as food quality. Food quality is important for 
many stakeholders such as local communities, 
governments, PLN and Non-Governmental Organizations 
(NGOs) who consume these fish. The fish are mostly 
consumed by the people of West and North Sumatra, 
Indonesia. Fish composition is important to know. Until 
now, Minang people love bilih fish because of its delicious 
protein and rich in Calcium. Furthermore, the fish bone 
affects significantly the composition or chemical content of 
the compound. The different lipid content of three species 
such as Cod (Gadus morhua), Mackerel (Scomber 

scombrus) were 23 g/kg and 509 g/kg respectively. Bones 
of fatty fish species are generally higher in fat levels 
compared with nonfat fish. (Poppe et al. 2007). 

Since 2001, bilih fish was introduced to its new habitat, 
Lake Toba, North Sumatra (Kartamihardja and Sarnita 
2008). Currently, bilih fish needs our attention to its life. In 
both lakes, bilih fish threatened by human activity, 
especially overfishing by fishermen who are around Lake 
Toba and Lake Singkarak. Bilih fish now includes 
endangered species. Much information exists on the 
ecology, growth, and reproduction of bilih fish (Syandri 
1996; Syandri 1997; Syandri 2011; Nofrita et al. 2013; 
Nofrita et al. 2015). However, until now, there is no 
information about the composition of chemicals compound 
of body bilih fish. The purpose of this study was to explore 
the diversity of chemical compounds and their relation to 
the ecological factors that influence bilih fish from Lake 
Toba and Lake Singkarak. 

MATERIALS AND METHODS 

Area study  
The research was conducted in Lake Singkarak, West 

Sumatra, Indonesia and  Lake Toba, North Sumatra, 
Indonesia (Figure 1). The samples of bilih fish from Lake 
Singkarak was taken on June 2, 2016; while the samples of 
bilih fish from Lake Toba was taken on July 2-3, 2016. 
Water quality samples were taken in July-September 2015. 
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Lake Toba lies on 2o21’32”-2o56’28” N dan 98o26’35”-
99o15’40” E, while Lake Singkarak lies on 0o36’00” S and 
100o15’00” E. 

The bilih fish samples of Lake Singkarak were taken 
from Guguak Malano Village, Sumpur Village, and 
Simawang Village in Tanah Datar District; and X Koto 
Singkarak Village in Solok District. The distance between 
the sites was 8000 m. For Lake Toba, the fish samples were 
only taken from three sites, namely Kampung Silalahi 
(Silalahi I, II, III) (Dairi District), Haranggaol (Simalungun 
District) and Pangururan (Samosir District), because at 4th 

site bilih fish was not found, possibly fish larvae were 
eaten by predators. Bilih samples collected from Lake Toba 
were 75 fish samples, where 25 fish samples from 
Kampung Silalahi, 25 samples fish from Pangururan 
Village and 25 fish from Haranggaol Village. The samples 
of bilih fish collected from Lake Singkarak were 100 fish 
sample where 25 fish samples from each of Guguak 
Malalo, Sumpur, Simawang, and X Koto Singkarak. The 
fish sample was handled by using special sample container 
for airtight fish samples and containing ice cubes (box 
Marina Cooler 6 L), then put in freezer.  

 
 
 
 
 

 

 
 

Figure 1. Study sites of samples of bilih fish in Sumatra, Indonesia. A. Lake Toba: 1. Kampung Silalahi, 2. Haranggaol, 3. Pangururan; 
B. Lake Singkarak: 1. Guguak Malalo, 2. Sumpur, 3. Simawang, 4. X Koto Singkarak 
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Samples analysis  
The muscles of meat, bones and fins of the fish were 

analyzed for the chemical compounds. As much as 10 g of 
the meat muscle, Bone, and fin of bilih fish were taken and 
then crushed using white porcelain and given 96% alcohol 
solvent. Then, the samples were inserted in cuvet XRF 
sample as much as 5 ml. The sample analysis method 
follows the trace element guide of XRF Pan Analytical. 
Chemical compounds from 10 fish samples were measured 
using XRF Pan Analytical and FITR spectrophotometer to 
check the content of organic chemical compounds.  

RESULTS AND DISCUSSION 

The bones of bilih fish from Lake Toba had similar 
amount of phosphate (P2O5) (29%) compared from Lake 
Singkarak (27%). Bilih fish from Lake Singkarak had 
calcium oxide (CaO) content (62%) was relatively the same 
from bilih fish from Lake Toba (59%). Other compounds 
tended to be small. That is, fish bones of Lake Toba have 
higher phosphate compounds but low CaO compounds. 
Bilih fish from Lake Singkarak and Lake Toba had higher 
CaO (calcium compound) than content of phosphate 
compound. This is consistent with the results of a Logesh 
et al. (2012) study that found 32.73% Calcium and 17.2% 
of phosphorus in Sardine fish bone in Parangipettai, 
Southeast Coast of India. Figure 3illustrates the high 
calcium and phosphate content of fish bones compared to 
the other compounds. The t-test analysis showed that 
chemical contents of bilih fish bone content were not 
significantly differenced between Lake Toba and Lake 
Singkarak (Table 1). Calcium is a major component of fish 
bone (Malde et al. 2010). Calcium content in fish bones is 
high and goo for human growth in adolescence. Calcium is 
needed for blood clotting, nerve transmission, muscle 
stimulation, acid stability (pH) of blood, and maintaining 
water balance.  

Data in Table 1, water quality data of Lake Toba and 
Lake Singkarak, water temperature and water pH are still in 
accordance with government regulation (PP No. 82, year 
2001)on Water management and water pollution control. 
Temperature is an important factor in the lake water 
environment. The optimal temperature range for fish life 
according to Dan-Kishiya et al. (2010) 18-38 °C and 
influenced extensively by geographical location (latitude, 
longitude, and altitude). The temperature and pH of the 
lakes are the indicators of the presence of chemical 
compounds. Based on the water quality analysis (Table 1), 
the water of both Lakes was still quite natural. However, 
the low DO and BODindicate the lake water experienced 
mild contamination. Water alkalinity and clarity were not 
taken into water quality measurement. If the pH is in the 
range of 8.1 then the alkalinity or CaCO3 content is about 
120 mg L-1 and under normal conditions (PP No.82 year 
2001). 

According to the graph of Figure 4, the flesh of bilih 
fish from Lake Toba had phosphate (P2O5) (38%) tend to 
be similar to Lake Singkarak bilih fish (36%), The Calcium 
oxide (CaO) of bilih fish from Lake Toba (19%) was also 

higher than bilih fish from Lake Singkarak (6%), Lake 
Singkarak fish meat has Sulfite (SO3) compounds (27%) 
higher than bilih fish Lake Toba (22%). Lake Singkarak 
bilih fish flesh had higher potassium (K2O) (17%) than 
bilih fish of Lake Toba (6%). The other compounds were 
relatively low. 

Table 2 shows the results of t-test analysis. All of the 
chemical compounds in Lake Toba and Lake Singkarak 
were not significantly different. Similar results are reported 
by Mubarok (2013).  

The flesh of bilih fish from Lake Toba had higher 
phosphate sulfites and calcium than other chemical 
compounds. The muscle or meat of bilih fish from Lake 
Singkarak had higher phosphate, sulfite, and potassium 
than other chemical compounds. Chandrasekar (1993) 
reports the similar study that 100 g of fish flesh has 4.7-
51.4 mg Ca, 116-312 mg P, 29-54.3 mg Mg. As a 
comparison, the highest macro mineral content of milkfish 
in brackish water is potassium (K) reaching 318,725 mg 
100 g-1 of material. l. The similar results are reported by 
Wilfrido et al. (2007) that milkfish has mineral content of 
4.8% calcium; phosphorus 16.9%, increasing the selling 
value of milkfish (Chanos chanos). Ramlah et al. (2016) 
also report similar results about the chemical content of 
Lake fish in South Sulawesi, where the calcium of fish 
from Lake Mawang (4.782 mg) higher than fish from Lake 
Unhas (3.027 mg); the phosphorus content of fish from 
Lake Mawang (360 mg) is lower compared to the origin of 
Lake Unhas (610 mg); and the iron content of fish from 
Lake Mawang (2.756 mg) is lower than the fish from Lake 
Unhas (0.835 mg). Furthermore, Chandrasekar and 
Deosthale (1993) stated that fish flesh content per 100 g 
was 4.7-51.4 mg Ca, 116-312 mg P, 29-54.3 mg Mg. 

The results of chemical content analysis of bilih fish 
flesh originating from Lake Toba and Lake Singkarak are 
shown in Figure 4. The analysis of chemical compound 
content of each sample measured and tested on the 
compound content is shown in Table 3. Table 3 explains 
that the content of each compound which was tested on 
10ak samples showed no significant difference because t 
calculated was smaller than t table.  
 
Table 1. Water quality of Lake Toba and Lake Singkarak 
  

Habitat 
Temp. 

(°C) pH 
DO 

(mg/L) 
Alkali- 

nity 
BOD 

Clarity 
(meter) 

Lake Toba 25 8.10 1.65 33.00 0.50 320 
Lake Singkarak 25 8.50 2.14 26.50 0.50 330 
 

 
Table 2. The t-test of bone chemical compounds of bilih fish 
between Lake Toba and Lake Singkarak 
 

Chemical compounds t-count t-table Significantly 

MgO 0.000006 2.262 Not significant 
Al2O3 0.00000007  Not significant 
SiO 0.00002  Not significant 
P2O5 0.00000005  Not significant 
SO3 0.000003  Not significant 
K2O 0.0000007  Not significant 
CaO 0.0000001   Not significant 
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Figure 3. Bone compounds of bilih fish from Lake Toba and 
Lake Singkarak, Sumatra, Indonesia 
 

 

Figure 4. Chemical compounds of fish flesh of bilih fish from 
Lake Toba and bilih fish Lake Singkarak, Sumatra, Indonesia 
 
 

Figure 5. Chemical compounds of fins of bilih fish from Lake 
Toba and Lake Singkarak 
 
 

Bilih fish fins from Lake Toba and Lake Singkarak are 
higher in Phosphate compounds and Calcium compounds 
as shown in Fig. 5. Fins of fish are flexible, contain more 
minerals than bone cells as well as in skeletal bone 
(Flammang et al. 2013). Figure 5 shows that the main 
content of fin compound of bilih fish from Lake Toba and 
Lake Singkarak were phosphate and calcium. The other 
chemical compounds were small amounts such as MgO, 
SiO2, and SiO3. These results are lower than chemical 
compounds of the shark fin, where the content of 
phosphorus and calcium are 146 mg and 194 mg 
respectively (FAO 2018). To t-test of bilih fish fins on 
Lake Toba and Lake Singkarak show similar result with 
bones and flesh of bilih fish, not significant, as seen in 
Table 3. The study of chemical content of freshwater fish 
such as bilih fish is important for life. Fawole et al. (2007) 
state that the chemical content of essential elements relates 
to the biologically-impacted metabolic processes. 

Table 3. T-test chemicals compounds of bilih fish 
 

Chemical compounds t-count t table Significantly 

MgO 0.0015 2.262 Not significant 
Al2O3 0.00001  Not significant 
SiO 0.0000007  Not significant 
P2O5 0.0000003  Not significant 
SO3 0.0000007  Not significant 
K2O 0.000009  Not significant 
CaO 0.0000002   Not significant 
 
 
 
 
Table 4. T-test chemical compounds of fins bilih fish 
 

Chemical compounds t-count t-table Significantly 

MgO 0.000070 2.262 Not Significant 
Al2O3 0.000010  Not Significant 
SiO 0.0000070  Not Significant 
P2O5 0.0000003  Not Significant 
SO3 0.0000070  Not Significant 
K2O 0.0000100  Not Significant 
CaO 0.0000003  Not Significant 

 
 
 
 
 
Figure 6 provides information on the organic compound 

of the eye lenses of bilih fish from Lake Toba (SBT) and 
Lake Singkarak (SBS). The arrows in Figure 6 show the 
difference of organic compound of bilih fish lens from 
Lake Toba and Lake Singkarak. Organic compounds with a 
range of 3,300 was, alkana compounds and ring aromatic 
compounds. The arrow with range 1900-1800 indicated 
alkuna compound and aromatic ring. The arrow with 1600-
600 denotes a strong and aromatic alkena compound 
(Skoog et al. 1998). The function of the hydrocarbon 
compound is the basis of glucose formation which is an 
important energy for vision. Byron et al (2013) state that 
hydrocarbons are the starting or base source of the 
formation of amino acids and protein lenses. 

Fish muscles, fish fins, and eye lens are different metal 
elements and organic compounds. That means there was a 
diversity of species related to ecology and the environment, 
especially the water factor in the two lakes (Lake Toba and 
Lake Singkarak). Bilih fish Lake Toba whose body was 
larger than Lake Bilih Singkarak. This is due to the 
sharpness of the eye lens bilih fish Toba more powerful. 
This fact indicates bilih fish from Lake Toba may eat more 
food than bilih fish from Lake Singkarak. The significant 
environmental factor related to growth of bilih fish Lake 
Toba more support which include compound chemical lens 
related to water temperature, air temperature, pH, and 
hardness (Razak 2017, Nofrita et al. 2013). However, in 
this study, there was no significant difference between the 
chemical compounds of bilih fish from Lake Toba and 
Lake Singkarak. For the organic material, the FITR lens is 
shown to function different chemical compounds according 
to the infrared frequency range (Skoog et al. 1998)  
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Figure 6. Differences of organic fish lenses composition of bilih fish lake Toba (Samples of Bilih Toba, SBT) and from Lake Singkarak 
(Samples of Bilih Lake Singkarak, SBS) 
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Abstract. Hastuti ED, Hastuti RB, Darmanti S. 2018. Plankton and benthos similarity indices as indicators of the impact of mangrove 
plantation on the environmental quality of silvofishery ponds. Biodiversitas 19: 1558-1567. This research was carried out in a coastal 
area of Semarang City, Central Java, Indonesia. It aimed to study the composition of plankton and benthos communities in silvofishery 
ponds, and to analyze the similarity in plankton and benthos composition between ponds as an indicator of variation in pond 
environmental quality. Nine pond treatments were sampled for their plankton and benthos composition. The nine treatments consisted of 
a factorial combination of three mangrove species assemblages (Avicennia marina (M1), Rhizophora mucronata (M2), and a mixture of 
both (M3)) at three mangrove populations (5 trees (S1), 10 trees (S2), and 15 trees (S3)). Similarity index analysis was conducted to 
measure the impact of treatments on the plankton and benthos communities. The total number of plankton species identified in 
observation periods in May, July and September of 2016, were 23, 16 and 21 species repectively, while for the benthos there were eight 
somewhat different species identified in each of the three observation periods. Fluctuation in plankton and benthos composition tended 
to achieve a balance in richness by the time of the the third observation period. Diatoms, particularly Gyrosigma sp., were the most 
widely distributed plankton in the first and third observation periods, while Pyramidella sulcata was the only well-distributed benthos 
species in the three observation periods. Pairwise similarity indices between treatments ranged from 0% to 62.5% for plankton and from 
16.7% to 100% for benthos. The results of the investigation suggested that mangrove species affected plankton and benthos species 
richness in this initial stage of a silvofishery development: plankton composition appeared to be richer in ponds with A. marina, while 
benthos was richer in ponds with R. mucronata. 

Keywords: Composition, richness, sediment, similarity, silvofishery, water 

INTRODUCTION 

Excessive utilization of coastal areas in Indonesia, 
especially conversion of mangrove forests to ponds for 
aquaculture, has caused degradation of the environment in 
these habitats (Suwarto et al. 2015). In order to overcome 
the increasing impacts of unmanaged, abandoned ponds, a 
system of silvofishery has been proposed that integrates 
mangrove plantations within the ponds (Setiawan et al. 
2015). The application of silvofishery is expected to lead to 
improved water quality. It is suggested that mangrove 
plantations provide environment services such as 
bioremediation of pollutants and of pond effluent, greater 
nutrient availability, and stabilization of physical 
parameters of water quality (Hastuti and Budihastuti 2016). 
Thus, aquaculture activity could be revived at the same 
time as enhancing conservation of the coastal habitats.  

Improvement in environmental quality of silvofishery 
pond is an important indicator of mangrove plantation 
effectiveness (Sambu 2014). Physical, chemical and 
biological parameters together provide neasures of the 
suitability and carrying capacity of ponds (Sachoemar et al. 
2014). In order to assess the suitability of specific coastal 
habitats for supporting fish culture activities, such 
parameters of environment quality should be known before 
and during the implementation of such activities. However, 
the conditions of silvofishery ponds change over time, and 

these changes can affect their suitability and carrying 
capacity (Suwarto et al. 2015). Thus, periodic monitoring 
of silvofishery pond quality is required in order to apply 
best management practices.  

Among the various measures of aquatic environmental 
quality, biological parameters are considered to represent 
short- and long-term indicators of pond quality. Plankton 
species, which mostly have short lifespans, potentially 
provide short-term information about pond water quality 
(Chellappa et al. 2009). Since plankton growth requires 
several days, assessment of plankton species composition 
and abundance can be useful in understand the time-limited, 
cummulative impact of environmental management options 
on water quality (Moritsch et al. 2010); in contrast to 
physical and chemical water quality parameters which 
change every hour. On the other hand, benthos having 
longer lifespans, are likely to provide better information 
about the long-term pond quality (Li et al. 2010). Thus, the 
study of biological indicators of environment quality is 
expected to provide more appropriate information to 
identify current ecosystem conditions and to guide 
management formulation (Kenney et al. 2009). 

Pond environment quality is influenced by the source of 
its water (Chughtai and Mahmood 2012). For silvofishery 
ponds, the composition of the mangrove flora is another 
factor that can affect environmental quality (Gatune et al. 
2014). The interaction of mangrove plants with the pond 
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habitat affects the physical, chemical and biological 
characteristics of silvofishery ponds (Hastuti 2017). Even 
though silvofishery practices have been applied in 
aquaculture for decades, there is still a lack of information 
about the impact of these practices on the biological 
components of the aquaculture environment.  

The existence and composition of mangrove flora 
within silvofishery ponds has been shown to affect the 
environmental quality of the ponds, including the physical 
and chemical quality of the water and the sediment nutrient 
concentrations (Hastuti and Budihastuti 2016). Even 
though mangrove plantations may be established according 
to different models, their impacts on the environmnetal 
quality may not vary greatly. Mangrove plants produce 
litter that is decomposed by pond organisms to supply 
nutrients in the pond (Gatune et al. 2014). The nutrient 
supply along with associated physical and chemical 
conditions are major factors determining the composition 
of plankton and benthos that arise from the impact of 
mangrove composition on the silvofishery pond 
environment. It appears that the greater the range of species 
availability the better is the environment quality (Veronica 
et al. 2014). Unfortunately, the optimum mangrove 
composition is not well understood. Short-term and long-
term structure of the mangrove population might be linked 
to biological indicators of pond environment quality. 

Different silvofishery settings are likely to result in 
differences in the composition of plankton and benthos.  

Our research sought to understand how various silvofishery 
settings provide suitable ecosystems for plankton and 
benthos populations and how mangrove composition 
influences the development of the ecosystems. The 
research aimed to study the composition of plankton and 
benthos within silvofishery ponds in the coastal 
environment of Semarang City, in Central Java, Indonesia: 
to determine the similarity indices between ponds in their 
plankton and benthos composition; and to evaluate the 
impact of different mangrove plantation settings on pond 
water quality as asssessed by these biological indicators.  

MATERIALS AND METHODS 

Study area 
The research was conducted in silvofishery ponds of 

Mangunharjo Village, Tugu Sub-district, Semarang City, 
Central Java, Indonesia from May to September 2016. The 
research location is shown in  

Figure 1. Field sampling of plankton and benthos was 
conducted in May, July and September, while laboratory 
identification was conducted in the Ecology and 
Biosystematics Laboratory, Faculty of Science and 
Mathematics, Diponegoro University, Semarang, Indonesia. 
The sampling sites were located along a transect 230m 
long, situated between coordinates 6°57'16.90"S, 
110°18'39.07"E and 6°57'21.18"S. 110°18'45.42"E.  

 

 

 
 
Figure 1. The research location in Mangunharjo Village, Tugu Sub-district, Semarang City, Central Java, Indonesia 
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Experiment design 
The experimental design along the transect involved a 

factorial combination of different mangrove populations 
together with different mangrove species. The mangrove 
populations were: 5 trees (S1); 10 trees (S2); and 15 trees 
(S3). The mangrove species were Avicennia marina (M1); 
Rhizophora mucronata (M2); and a mixture of both (M3). 
Thus a total of 9 combinations comprised the research 
ponds sampled in the study.  

Data collection focused on sampling plankton and 
benthos species in the nine pond environments. The nine 
pond environments were sampled in three periods: May (I); 
July (II); and September (III) to understand the 
composition changes between observation periods.  

The collection of plankton samples was conducted by 
filtration of water from the ponds. A total volume of 100 
litres per pond was filtered using 10 litre buckets, and the 
filtered sample was condensed and stored in a 100 ml 
bottle. A plankton net with 25μm mesh size was used as the 
filter. Collected samples were then fixed with 1 ml of 4% 
formalin solution (Black and Dodson 2003; Pollupuu 
2007). Benthos was sampled with a tube sampler, 30 cm 
long and 10 cm diameter. Three random spots were picked 
as the samples within each pond.  

Collected sediments from each pond were filtered with 
a 0.5 mm sieve mesh (Bett 2013; Marini et al. 2013). The 
collected macrobenthos was then stored in a 250 ml bottle 
and preserved with rose bengalein 5% formaldehyde 
solution (Chandrasekera and Hettiarachchi 2011). 

Data analysis 
Similarity index analysis was conducted on the 

composition of plankton and benthos between mangrove 
treatment combinations and observation periods. Similarity 
indices between treatments combinations were determined 
as indicators of the resemblance of environment conditions 
between treatments, while similarity indices between 
observation periods were detemined as indicators of the 
consistency in environmental condition over time. 
Similarity index analysis used Jackards coefficient as the 
following formula (Tyokumbur and Okorie 2013): 
 

J = (c / (a +b+c)) x 100 % 
 
Where: 
a: number of plankton / benthos species present only in 

treatment ‘a’ 
b: number of plankton / benthos species present only in 

treatment ‘b’ 
c: number of plankton / benthos species present in 

treatment ‘a’ and treatment ‘b’ 
For example, the index of similarity for plankton 

species between treatment S1M1 (i.e. ‘a’) and SM1M2 (i.e. 
‘b’), in the first observation period in May would be given 
by dividing the number of species which were present in 
both treatments by the sum of the number of species that 
were present in both, the number of species that were 
present only in treatment S1M1, and the number of species 
that were present only in treatment S1M2, and then 
multiplying this fraction by 100 to give a percentage. 

Similarity index values were evaluated as very high 
down to very low, as indicated below: (i) > 80%: very high 
similarity; (ii) 60-80%: high similarity; (iii) 40-60%: 
moderate similarity; (iv) 20-40%: low similarity: (v) < 
20%: very low similarity 

Further analysis was then conducted using the chi-
square test to test the effect of the treatments on the 
structural composition of plankton and benthos 
communities. Chi-square can be used to analyze the 
likelihood of organism communities in the different 
environment condition (Drenner et al. 2009). The analysis 
tool utilized was SPSS with a confidence interval of 95% 
(α = 0.05). 

RESULTS AND DISCUSSION 

Composition of plankton and benthos 
Based on field observation and laboratory investigation, 

we identified 33 plankton and 13 benthos species in the 
silvofishery ponds of the research area.  

The presence of plankton species was not constant, but 
changed over time; the total number of species identified 
was 23, 16 and 21 respectively for the first, second and 
third sampling occasions. On the other hand, the number of 
benthos species number was constant at eight species on 
each sampling occasion, although the benthos species 
composition varied across the sampling occasions. Table 1 
and Table 2 respectively show the detailed composition of 
plankton and benthos species found on each sampling 
occasion (I, II, III) for each of the nine treatments (S1M1 ... 
S3M3) within the silvofishery ponds.  

The presence of plankton as presented in Table 1 
showed that at the first plankton sampling in May, Diatoma 
sp. was highly distributed in all treatments. Six identified 
plankton species were fairly evenly distributed in this first 
sampling period. In the second observation period, in July, 
no particular plankton species was highly distributed across 
treatments, but there were four plankton genera that had a 
moderate distribution range. In the third observation period 
in September, Gyrosigma sp. had a high distribution range 
and two other species had a fair distribution range. 
Identification of plankton across all three observation 
periods showed that five plankton species were highly 
distributed; namely Cocconeis sp., Cyclotella sp., Diatoma 
sp., Gyrosigma sp. and Navicula sp., while ten other 
species were found to have a moderate distribution range.  

Based on the distribution of benthos species listed in 
Table 2, it is clear that in the first sampling period 
Pyramidella sulcata was highly distributed, being observed 
in all pond treatments; other species had narrow 
distributions. In the second observation period, P. sulcata 
was again highly distribute, while one other species was 
found to be moderately distributed. In the third observation 
period, P. sulcata and P. ventricosa was found to have a 
high distribution range and another two species had a 
moderate distribution range. Across the three observations 
periods, only P. sulcata and P. ventricosa were found to 
have a high distribution range, while four other species had 
a moderate distribution range.  
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Table 1. Plankton species composition for each of nine silvo-fishery treatments on each of three sampling occasions (May (I); July (II); 
and September (III)). 

 

Plankton species 
S1M1 S1M2 S1M3 S2M1 S2M2 S2M3 S3M1 S3M2 S3M3 
I II III I II III I II III I II III I II III I II III I II III I II III I II III 

Chrysophyta 
Achnanthes sp. + - + + - - + - - - + - - - - - + - - - - - - - + - + 
Amphora sp. - - - - - - - - - - - + - - - - - - + - - - - - - - - 
Biddulphia sp. - - - - - - - - - - - - + - - - - - - - - + - - - - - 
Chaetoceros sp. - - - - - - - - + - - - - - - - - - - - - - - + - - - 
Cocconeis sp. - - - - - - - + - - + - + + - - + + - + + - + - + - - 
Cyclotella sp. + - + + + - + - - - + - + - - + + - + - - - + - - - - 
Cymbella sp. - - - - - + - - - + - + - - - - + - - + + - - - + - - 
Diatoma sp. + + + + - - + - - + + - + - - + - - + - - + - - + - - 
Epithemia sp. - - - + - - - - - - - - - - - - - - - - - - - - - - - 
Fragilaria sp. - - - - - + - - - - - - - + - - + - - - - + + - + - + 
Gyrosigma sp. - - + + - + - + + - - + - - + - + + - + + - - + - - + 
Navicula sp. - - - + - - + - - - - + - - + + + + + - + + - - + + - 
Pleurosigma sp. - - - + - + - - - - - + - - - + - - + - - - - + - - - 
Rhizosolenia sp. - - - - - - - - - - - - - - - + - - - - - - - - - - - 
Surirella sp. - - + - - - + + - + - - + - + - - - + - - + - - - - - 
Synedra sp. - - - - - - - - + + - - - + - - + - - - - - - - - - - 
Amphiprora sp. - - - - - - - - - - - - - - - - + - - - - - - - - + - 

Cyanophyta                            
Anabaena sp. + - - - - - + - - + - - + - - - - - - - - + - - - - - 
Coelosphaerium sp. - - - - - - - - + - - - - - + - - - - - - - - - - - - 
Oscillatoria sp. + - - - - - - - + - - - - - - - - - - - - - - - - - - 

Pyrrophyta                            
Peridinium sp. - - - - - - - - - - - - - - - - - - - - - - - - + - - 
Noctiluca sp. - - - - - - - - + - - - - - - - - - - - - - - - - - - 

Euglenophyta                            
Phacus sp. - - - - - - - - - + - - - - - + - - + - - - - - - - - 

Chlorophyta                             
Oocystis sp. - - - - - - - - - - - - - - - - - - - - - + - - + - - 
Chlorella sp. - - - - - - - - - - - - - - - - - - - + - - - - - - - 

Zooplankton                            
Brachionus sp. - - - - - - - - - - - - - - - - - - - - - + - - + - - 
Nauplius - - - - - - - - - - - + - - + - - + - - - + - - + - + 
Tintinnopsis sp. + - + - - - + - - - - - - - + + - - - - + - - - + - - 
Codonella sp. - - - - - - - - - - - - - - - - - - - - - - - - - + - 
Difflugia sp. - + - - + + - - - - - - - - - - - - - - - - + - - + - 
Frontoniella sp. - + - - + - - + - - + - - + - - - - - - - - - - - - - 
Nematoda - - - - - - - - - - - - - - - - + - - - + - + - - - - 
Crustacea - - - - - - - - - - - - - - - - - - - - - - - + - - + 

Number of Species 6 3 6 7 3 5 7 4 6 6 5 6 6 4 6 7 10 4 7 4 6 9 5 4 11 4 5 
 
 
Table 2. Benthos species composition for each of nine silvo-fishery treatments on each of three sampling occasions (May (I); July (II); 
and September (III)). 

 

Benthos Species 
S1M1 S1M2 S1M3 S2M1 S2M2 S2M3 S3M1 S3M2 S3M3 

I II III I II III I II III I II III I II III I II III I II III I II III I II III 
Mollusca 

Cerethidea cingulata - + - - - - - - + + + - + - - + + + - - - - - - - + + 
Cerethidea quadrata - - - - - - - - - + - - - - + - - - - - - - - - - - - 
Gemmula monilifera - - - - - - - - - - - - - - - - - - + - - - - - - - - 
Pyramidella auriscati - - + - - + - - + - - - - - - - - - - - + - - + - - - 
Pyramidella sulcata + + + + + + + + + + + + + + + + + + + + + + + + + + + 
Pyramidella ventricosa - - + - - - - - + - - + - - + - - - - - + - - + - - + 
Telescopium telescopium - + - + - - - - - - - - - + - - - - - + - - - - + - - 
Terebralia palustris - - - - - - - - - + - - - - - - - - - + - - - - - - - 
Terebralia sulcata - - - - + - + - - - - - - - + - - - - - - - - - - - - 
Cerithium pfefferi - - - - - - - - - - - - - - - - - - - - - - + - - - - 
Nassarius luridus - - - - - + - - - - + - - - - - - + - - - - - + - - + 

Bivalvia                            
Anadara granosa - - - - - - - - - - - - - - - - - - + + - - - - - - - 
Tapes literata - - - - - - - - - - - - - - - - - - - - + - - - - - - 

Number of Species 1 3 3 2 2 3 2 1 4 4 3 2 2 2 4 2 2 3 3 4 4 1 2 4 2 2 4 
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Similarity of plankton and benthos composition 
Analysis of the data in Tables 1 and 2 was conducted to 

determine the similarities in plankton and benthos species 
composition between as well as across treatments and 
sampling periods. Analysis was grouped into four 
categories: similarity between treatments a within sampling 
period; similarity between treatments across all periods; 
similarity between periods within treatments; and similarity 
between periods across all treatments. Statistical data 
analysis was conducted to understand the significance of 

plankton and benthos composition differences. The 
comparison of plankton composition by the involvement of 
chi-square had been conducted by Budihastuti et al. (2013), 
Fedorenko (1973), and Paiva-Maia (2013). The 
applications included for feeding habit analysis as well as 
the impact of environmental improvement. The detailed 
results of these analyses are presented in Table 3, 4 and 5. 
The results of statistical tests of significance are also 
presented in the tables.  

 
 
 
 
Table 3. Similarity indices for plankton and benthos composition between treatments  
 

Treatments 

Between treatments within periods Between treatments 
Plankton Benthos Plankton Benthos 

I II III I II III Total 
Pearson's  

Chi-Square 
Total 

Pearson's  
Chi-Square 

S1M1 S1M2 30.0% 50.0% 10.0% 50.0% 25.0% 50.0% 40.0% 278.9** 42.9% 263.3** 
S1M3 62.5% 16.7% 9.1% 50.0% 33.3% 75.0% 56.3% 317.4** 66.7% 242.4** 
S2M1 20.0% 33.3% 9.1% 25.0% 50.0% 66.7% 38.9% 760.8** 37.5% 137.0** 
S2M2 33.3% 16.7% 33.3% 50.0% 66.7% 40.0% 41.2% 351.1** 57.1% 266.2** 
S2M3 30.0% 0.0% 11.1% 50.0% 66.7% 20.0% 23.8% 518.0** 33.3% 583.9** 
S3M1 18.2% 0.0% 20.0% 33.3% 40.0% 75.0% 27.8% 423.5** 44.4% 281.0** 
S3M2 15.4% 14.3% 11.1% 100.0% 25.0% 75.0% 28.6% 415.3** 42.9% 451.6** 
S3M3 21.4% 16.7% 22.2% 50.0% 66.7% 40.0% 23.8% 433.3** 66.7% 241.7** 

  

S1M2 S1M3 40.0% 16.7% 10.0% 33.3% 50.0% 40.0% 30.0% 534.6** 42.9% 677.2** 
S2M1 8.3% 33.3% 37.5% 20.0% 25.0% 25.0% 44.4% 697.8** 22.2% 411.1** 
S2M2 18.2% 16.7% 10.0% 33.3% 33.3% 16.7% 31.6% 494.5** 37.5% 683.7** 
S2M3 40.0% 8.3% 12.5% 33.3% 33.3% 50.0% 42.1% 432.5** 33.3% 388.1** 
S3M1 40.0% 0.0% 22.2% 25.0% 20.0% 40.0% 33.3% 402.5** 30.0% 725.0** 
S3M2 14.3% 33.3% 28.6% 50.0% 33.3% 75.0% 33.3% 489.1** 42.9% 834.4** 
S3M3 20.0% 16.7% 25.0% 100.0% 33.3% 40.0% 35.0% 478.6** 42.9% 574.0** 

  

S1M3 S2M1 30.0% 28.6% 9.1% 20.0% 33.3% 50.0% 50.0% 714.3** 37.5% 352.3** 
S2M2 44.4% 33.3% 20.0% 33.3% 50.0% 33.3% 61.1% 364.8** 57.1% 168.3** 
S2M3 40.0% 16.7% 11.1% 33.3% 50.0% 40.0% 34.8% 473.0** 33.3% 1,082.9** 
S3M1 40.0% 33.3% 9.1% 25.0% 25.0% 60.0% 33.3% 515.8** 30.0% 158.7** 
S3M2 33.3% 12.5% 25.0% 50.0% 50.0% 60.0% 33.3% 623.4** 42.9% 206.6** 
S3M3 28.6% 0.0% 10.0% 33.3% 50.0% 60.0% 24.0% 609.1** 42.9% 256.9** 

  

S2M1 S2M2 33.3% 28.6% 33.3% 50.0% 25.0% 50.0% 52.6% 694.7** 50.0% 235.2** 
S2M3 18.2% 25.0% 42.9% 50.0% 66.7% 25.0% 55.0% 564.0** 50.0% 573.8** 
S3M1 30.0% 12.5% 33.3% 16.7% 16.7% 50.0% 55.6% 417.0** 27.3% 390.9** 
S3M2 25.0% 25.0% 25.0% 25.0% 25.0% 50.0% 39.1% 802.0** 37.5% 649.3** 
S3M3 13.3% 0.0% 22.2% 20.0% 66.7% 50.0% 29.2% 839.7** 57.1% 244.4** 

  

S2M2 S2M3 18.2% 27.3% 42.9% 100.0% 33.3% 16.7% 42.9% 459.5** 28.6% 1,183.1** 
S3M1 30.0% 14.3% 33.3% 25.0% 50.0% 33.3% 35.0% 500.8** 27.3% 288.2** 
S3M2 36.4% 28.6% 11.1% 50.0% 33.3% 33.3% 47.6% 386.2** 22.2% 621.1** 
S3M3 13.3% 0.0% 22.2% 33.3% 33.3% 33.3% 30.4% 551.5** 57.1% 260.3** 

  

S2M3 S3M1 55.6% 27.3% 42.9% 25.0% 20.0% 16.7% 52.6% 269.4** 10.0% 1,140.7** 
S3M2 14.3% 36.4% 14.3% 50.0% 33.3% 40.0% 37.5% 527.7** 33.3% 1,265.1** 
S3M3 20.0% 16.7% 28.6% 33.3% 100.0% 75.0% 45.5% 375.9** 60.0% 701.5** 

  

S3M1 S3M2 23.1% 12.5% 11.1% 33.3% 20.0% 60.0% 36.4% 526.2** 30.0% 300.0** 
S3M3 12.5% 0.0% 10.0% 25.0% 20.0% 33.3% 26.1% 533.3** 30.0% 263.5** 

  

S3M2 S3M3 42.9% 12.5% 28.6% 50.0% 33.3% 60.0% 43.5% 336.2** 42.9% 367.4** 
    

Min 8.3% 0.0% 9.1% 16.7% 16.7% 16.7% 23.8%  10.0%  
Max 62.5% 50.0% 42.9% 100.0% 100.0% 75.0% 61.1%  66.7%  
Average 28.2% 18.4% 21.0% 41.3% 39.9% 46.1% 38.8%  40.3%  
St.Dev 12.6% 12.7% 11.1% 21.2% 18.4% 17.7% 10.1%  12.9%  

Note: * significant at α = 0.05; ** significant at α = 0.01 
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Table 4. Similarity indices for plankton and benthos composition between periods within treatments 
 

Treatment 

Plankton Benthos 
I - II I - III II - III I - II I - III II - III 

SI 
Pearson's  

Chi-
Square 

SI 
Pearson's  

Chi-
Square 

SI 
Pearson's  

Chi-
Square 

SI 
Pearson's  

Chi-
Square 

SI 
Pearson's  

Chi-
Square 

SI 
Pearson's  

Chi-
Square 

S1M1 12.5% 127.7 50.0% 103.1 12.5% 141.0 33.3% 27.9 33.3% 458.9 20.0% 498.2 
S1M2 11.1% 251.6 20.0% 348.6 14.3% 117.1 33.3% 67.6 25.0% 148.2 25.0% 422.8 
S1M3 10.0% 223.6 0.0% 363.0 11.1% 219.8 50.0% 5.2 20.0% 1,137.0 25.0% 692.8 
S2M1 10.0% 231.7 9.1% 807.4 0.0% 728.0 40.0% 46.8 20.0% 386.8 25.0% 241.7 
S2M2 11.1% 307.2 9.1% 449.3 0.0% 258.0 33.3% 54.0 20.0% 946.7 20.0% 1154.6 
S2M3 13.3% 288.8 10.0% 187.1 27.3% 168.1 100.0% 0.2 66.7% 557.1 66.7% 620.5 
S3M1 0.0% 345.0 8.3% 431.7 42.9% 107.3 40.0% 95.9 16.7% 929.4 14.3% 809.7 
S3M2 7.7% 462.3 0.0% 501.0 0.0% 171.0 50.0% 71.1 25.0% 686.9 20.0% 609.9 
S3M3 7.1% 367.0 23.1% 243.9 0.0% 153.0 33.3% 138.6 20.0% 542.9 50.0% 272.3 

      
Min 0.0%  0.0%  0.0%  33.3%  16.7%  14.3%  
Max 13.3%  50.0%  42.9%  100.0%  66.7%  66.7%  
Average 9.2%  14.4%  12.0%  45.9%  27.4%  29.6%  
St.Dev 4.0%  15.4%  14.9%  21.4%  15.5%  17.2%  
Note: ‡ correlation is not significant 
 
 
 

 
Table 5. Similarity indices for plankton and benthos composition 
between periods across all treatments 
 

Periods 
Plankton Benthos 

SI 
Pearson's  

Chi-Square 
SI 

Pearson's  
Chi-Square 

I II 34.5% 1,665.3 60.0% 140.5 
III 51.7% 2,462.9 33.3% 5,601.3 

II III 48.0% 1,245.4 33.3% 5,255.0 
  

Min 34.5%  33.3%  
Max 51.7%  60.0%  

Average 44.7%  42.2%  
St.Dev 9.1%  15.4%  

Note: *: significant at α = 0.05; **: significant at α = 0.01 
 
 
The result of the analysis of similarity indices for 

plankton and benthos between pairs of treatments is 
presented in Table 3. For plankton, similarity index 
analysis for the first observation period showed that only 
for the pair of treatments S1M1 and S1M3 was similarity 
high, while in the second and third observations there were 
no high values for the indices of similarity between pairs of 
treatments. Analysis of similarity indexes for plankton 
between pairs of treatments determined across all three 
periods showed high similarity only between treatments 
S1M3 and S2M2. This indicated that similarity in 
composition of plankton between treatments was low. The 
application of various pond settings, involving the species 
composition and population of mangrove had significant 
effect on the composition of plankton.  

Overall, the total number of benthos species identified 
in the ponds was far less than the number of plankton 
species (Table 1); some treatments had only one benthos 
species at particular sampling times The similarity index 
results in Table 3 show that in several cases there was 
absolute similarity between pairs of treatments: namely, in 

the first observation period, between S1M1 and S3M2; 
between S1M2 and S3M3; and between S2M2 to S2M3; 
and in the second observation period between S2M3 and 
S3M3. In the third observation period there were no pairs 
of treatments that showed absolute similarity in their 
benthos composition. Apart from absolute similarity, there 
was no high values for similarity index in the first 
observation period, while in the second and third periods 
respectively five and six high similarity indices were 
recorded. Analysis across all three observation periods 
revealed only two high similarity indices between pairs of 
treatments: namely, between S1M1 and S1M3; and 
between S1M1 and S3M3.  

In general, the results indicated that the distribution of 
benthos across the treatments was low. This suggests that 
there were significant differences in sediment conditions 
between the silvofishery treatments. The statistical analysis 
showed that the treatments had significant effects on the 
composition of both plankton and benthos in the 
silvofishery ponds. According to the chi-square analysis, 
the compositions of plankton and benthos during the 
research were significantly different. Thus, the likelihood 
of plankton and benthos compositions among treatments 
were low.  

Similarity index comparison between periods within 
treatments showed generally low similarity for plankton 
(Table 4). Moderate similarity for plankton was the highest 
level recorded in the analysis: i.e. between the first and 
third observation period for treatment S1M1; and between 
the second and third observation period for S3M1. Within 
some treatments, comparison between observation periods 
revealed 0% similarity: i.e. between first and second period 
for treatment S3M1; between first and third periods for 
treatments S1M3, S3M2 and S2M1; and between second 
and third periods for S2M2, S3M2 and S3M3. These 0% 
similarity index values mean that the plankton composition 
of the compared observation periods was completely 
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different within the particular treatments. The Chi-square 
analysis confirmed that there was no significant similarity 
of plankton composition between observation periods 
within particular treaments.  

For benthos composition, too, pairwise similarity 
indices calculated between obervation periods within 
treatments revealed negligible similarity between the 
periods (Table 4). Only within treatment S2M3 was there 
consistent high similarity in benthos over time. Statistical 
analysis showed that there was no significant differnece in 
the similarity index for benthos between the first and 
second observation periods in the treatment S2M3. 
However, it needs to be noted that among all the 
treatments, S2M3 had the lowest total number of benthos 
species; only three species compared to at least five species 
for the other treatments (see Table 2). Low values for 
similarity indices of benthos between periods within 
treatments revealed that even for benthos composition as 
for plankton there was significant change over time. This 
suggests that the sediment conditions in the silvofishery 
treatments were changing across the three observation 
periods of the research.  

Analysed across all nine treatments the pairwise 
similarity indices between the three obervation periods 
showed that plankton composition similarity was low 
between the first and second periods but had moderate 
between the first and third, and between the second and 
third period (Table 5). This suggests that the absence of 
particular plankton species may have been caused by 
movement towards another place. The higher similarity 
values between first and third and between second and 
third observation periods suggest that several plankton 
species might have moved out of the silvofishery ponds 
prior to the second observation period but soon after re-
entered the system.  

For benthos, the similarity indices between observation 
periods across treaments (Table 5) declined from 60% 
between observation period I and observation period II, to 
33% between I and II, and 33% between II and III. This 
suggests that several benthos species moved or were 
removed from the silvofishery pond. However, the number 
of species was consistent among periods which indicated 
the replacement of plankton specieses. The Chi-square 
analyses for pairwise similarity indices of plankton and 
benthos across treatments showed that none of the three 
observation periods were similar in species composition.  

Discussion 
Seasonal change is common for plankton composition 

as it responds to hydro-oceanographic changes (Ahmed et 
al. 2016). In our study, change in plankton composition 
over the periods of observation as well as variation 
between the nine treatments in the silvofishery ponds 
indicated that there was significant fluctuation in the water 
quality of the ponds. Plankton distribution is known to be 
affected by water temperature, CO2 concentration, chloride 
concentration, water clarity, total dissolved solids (TDS), 
pH and dissolved oxygen concentration (Ganai and 
Parveen 2014). Variations in environment conditions affect 
the relative abundance of plankton species. According to 

our identification of plankton species, the dominance of 
particular species changed between the periods of 
observation. Change in species dominance of plankton in 
aquatic ecosystem is commonly observed phenomenon 
especially in response to seasonal change. Seasonal change 
causes alteration in temperature, pH, dissolved solids and 
dissolved nutrients in aquatic systems (Kocer and Sen 
2014). The utilization of land and water such as for 
agricultural activity, tourism, residential, fish pens, etc are 
also considered to effect the composition of plankton 
(Baloloy et al. 2016). Thus, different land use also effect 
the composition of plankton.  

The domination of Diatoma sp. in the first observation 
period suggests that the water may have been enriched with 
nutrients. Diatom abundance and distribution is correlated 
with the concentration of nutrients (Jakovljevic et al. 2016). 
Thus, in our study, the absence of Diatoma sp. in the 
second and third period suggested the likelihood of 
decreasing nutrient concentration in the treatment ponds.  

On the other hand, Gyrosigma sp. was the most 
distributed plankton species in the third observation period. 
Increasing distribution of Gyrosigma sp. showed that 
environmental conditions within the treatments had 
changed. Perhaps due to water movement, since Gyrosigma 
sp. has been reported to prefer lotic (i.e. flowing) water and 
has low adapability to impounded water conditions 
(Alhassan 2015).  

In general, the silvofishery ponds in our study in 
Semarang appeared to in a relatively good condition as 
indicated by the presence of Cocconeis sp., Cyclotella sp., 
Fragillaria sp. and Navicula sp. These plankton species are 
considered to be indicators of good levels of dissolved 
oxygen concentration (Kim et al. 2015). These types of 
dominant plankton species suggest that the water in the 
ponds is enriched with nutrients and has good water 
circulation. Research by other workers has shown the 
presence of such species in flowing water systems with 
good oxygen concentration levels (Wu et al. 2011; Yuce 
and Gonulol 2016). 

The distribution of benthos species suggest that there 
was no significant change in sediment quality in the 
silvofishery ponds during the period of our study. The 
domination of Pyramidella sp. persisted across the three 
observation occasions. Pyramidella sp. is known to be a 
sensitive benthic organism (Shokat et al. 2010), thus its 
persistent across time in or study indicates that the 
environment quality was favourable in the ponds. P. 
sulcata (also known as P. maculata) has a wide habitat 
range including offshore areas (Willan et al. 2015; 
Leopardas et al. 2016), estuaries (Takarina and Adiwibowo 
2010) and young mangrove ecosystems (Chen and Ye 
2011). On the other hand, P. ventricosa is mostly found in 
seagrass beds (Kusnadi et al. 2008).  

The presence of Cerithidea cingulata in the ponds 
indicates the effect of mangrove development on the 
environment. The species C. cingulata is adapted to 
habitats with a large tidal range, abundant silt and 
vegetation (Itsukushima et al. 2017). Cerithidea is known 
to be a mangrove-associated benthic species (Zvonareva et 
al. 2015). Thus, the presence of C. cingulata in the second 
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observation period indicates that mangrove vegetation has 
impacted the pond ecosystem. Other research has shown 
showed that C. cingulata tends to move to shaded 
mangrove areas during warm seasons (Lorda and Lafferty 
2012). It is to be noted that extracts of C. cingulata have 
been shown to have potential for antimicrobial activity 
against human and fish pathogens. Thus, it is possible that 
C. cingulata has beneficial biological effects in aquatic 
environments.  

The presence of N. luridus observed in our study is also 
often related to mangrove habitats. Even though the main 
habitat of N. luridus is in seagrass beds (Paramasivam et al. 
2014), it has nevertheless also been observed in other 
habitats, including harbors and mangrove patches 
(Monolisha and Edward 2015). The presence of T. 
telescopium also emphasizes the impact of the mangrove 
plantation. Sites associated with mangrove vegetation have 
been identified as the habitat of T. telescopium, even 
though it is known to be adapted to a variety of habitats 
(Yap 2014). Other research has suggested that T. 
telescopium prefers habitats that include muddy sediment 
and have low light intensity (Zaman and Jahan 2013). 
Thus, ecosystems with vegetation, such as silvofishery 
systems, should be favorable environments for the the 
species.  

The changing numbers of plankton species in our study 
indicated that there were changes in the quality of the pond 
environments. Plankton abundance and composition reacts 
rapidly to changes in nutrient concentration and the aquatic 
environment (Arhonditsis et al. 2003). Thus, plankton is an 
appropriate indicator for measuring short-term environment 
quality changes and trends in nutrient levels (Karydis 
2009). The fluctuating plankton species in our research 
suggested that the nutrient levels were changing 
dynamically. The high number of plankton species of the 
first observation period might be caused by better nutrient 
availability compared to the second and third observation 
periods, while the second observation might be the lowest 
condition.  

Low benthos diversity indicates that a decline in the 
quality of aquatic environments (Sihombing et al. 2017). In 
our study the number of benthos species increased from the 
first observation period through to the third. Thus, the 
silvofishery ponds in the studied site perhaps experienced 
an improvement in water quality over time. The 
improvement in the benthos composition suggests a benefit 
derived from the mangrove vegetation in the silvofishery 
ponds.  

High similarity indices in resident organisms between 
different locations could be caused by linkages between the 
sites or by similar habitat types (Sihombing et al. 2017). On 
the otherhand, Differences among the similarity indices 
suggest the possibility of different levels of eutropication in 
the pond ecosystems (Arhonditsis et al. 2003). Changing 
ecosystem conditions stimulate the presence of 
opportunistic species with rapid growth until the limit is 
reached.  

Mangrove plays an important role in coastal ecosystems 
due to its high productivity. Mangrove provides nutrient 
cycling and pollutant filtering which results in improved 

water quality (Schade-Poole and Möller 2016). The 
existence of mangrove plants significantly effects physical 
and chemical parameters of the environment, such as 
temperature, total suspended solids (TSS), turbidity, 
salinity, dissolved oxygen (DO), soil organic matter, and N 
and P concentrations (Hastuti and Budihastuti 2016). 
Environment suitability and nutrient availability are likely 
to affect the diversity and growth of plankton and benthos 
within silvofishery pond. Thus, mangrove composition 
might affect the nutrient concentration which in turn affects 
plankton composition. Benthic organisms seem to prefer 
sheltered, shallow intertidal habitats (Colen et al. 2014) 
typical of well established silvofishery ponds. Change of 
sediment texture due to increasing sedimentation caused by 
mangrove trapping might also increase habitat suitability 
for benthic community improvement (Picanço et al. 2014). 

Plankton species richness in the different pond 
treatments was varied across the three observation periods. 
The highest species richness at the first observation period 
was in treatment S3M3; in the second observation period, 
highest species richness was recorded in treatment S2M3; 
while in the third observation species richness was quite 
well distributed over the treatments S1M1, S1M3, S2M1, 
S2M2 and S3M1. This suggested that the trend over time in 
water quality was towards a more balanced condition. The 
fact that highest plankton species richness at the first and 
second observations was recorded in treatments S3M3 and 
S2M3 respectively, suggests that a mixture of mangrove 
species, may provide better water quality than a single 
mangrove species in the early development of silvofishery 
ponds. It is possible that a mixture of mangrove species 
provides improved nutrient availability for plankton. 

On the other hand, benthos species richness of benthos 
in the early development of silvofishery pond was greater 
in those treatments with the single mangrove species 
Avicennia marina: treatment S2M1 in the first observation 
period; and treatment S3M1 in the second observation 
period. In the third observation period, benthos species 
richness was highest in those treatments having Rhizophora 
mucronata either as a single species or in mixture with A. 
marina; namely, treatments S1M3, S2M2, S3M1, S3M2 
and S3M3. This might indicate changes in sediment 
structure or benthic nutrient supply.  

The effect of mangrove variation on plankton and 
benthos species richness could be the result of variation in 
litter production and decomposition. The litter 
decomposition rate of Avicennia species is generally higher 
than that of Rhizophora species (Hossain and Hoque 2008; 
Siska and Kusmana 2016). Thus, more dissolved nutrients 
might be produced from Avicennia mangrove, while 
Rhizophora mangrove might produce more suspended 
nutrients. This is supported by the reserch findings of 
Sakho et al. (2015) who have reported that below-ground 
sediment structure in Rhizophora trees contains more silt 
than Avicennia trees, which contain more sand and clay.  

Plankton and benthos composition are believed to be 
useful indicators of environment health in aquatic 
ecosystems to supporting aquaculture activities. Several 
plankton species are considered to be a natural feedstock 
for aquatic organisms of economic imortance (Budihastuti 
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et al. 2013). However, there must be matched 
environmental conditions to support both the plankton and 
the dependent organism in the food chain. Organisms and 
environment within an ecosystem will change over time in 
response to ecosystem disturbances and services (Brander 
et al. 2016). In order to formulate appropriate aquaculture 
management plans, thorough consideration of potential 
change in the supporting ecosystems is required 

In conclusion, the composition of plankton and benthos 
within silvofishery ponds in Coastal Semarang, was found 
to vary according to different mangrove plantation 
treatments and different observation occasions over time. 
There was notable fluctuation in species richness across 
time and between ponds with different treatments. Species 
richness of plankton tended to decrease while benthos 
tended to increase over time. High similarity indices 
between treatments were recorded for benthos community 
due to its low species richness. The differences in plankton 
and benthos species richness between the various 
mangrove treatments suggest that the two main mangrove 
species in the silvofishery research site each have different 
effects on the aquatic environment of the ponds: it is likely 
that Avicennia marina produces improvement in the water 
quality; while Rhizophora mucronata appers to produce 
sediment quality improvement. 
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Abstract. Shiferaw M, Asmare B, Tegegne F, Molla D. 2018. Farmers perception and utilization status of improved forages grown in 
the natural resource areas of northwestern Ethiopia. Biodiversitas 19: 1568-1578. A study on the perception and utilization of 
improved forages grown in natural resource conservation areas was conducted in selected districts of northwestern Ethiopia. This study 
aims to investigate the perception of improved forage production and utilization system on natural resource conservation areas in 
selected areas of northwestern Ethiopia. Primary data was collected from selected households by interviewing using semi-structured 
questionnaire. Field observation and focus group discussion were also employed to enhance the survey data. A total of 180 households 
(90 from each district) were selected and interviewed. The collected data were analyzed with descriptive statistics using SPSS software 
version 20. The result indicated that the average land and livestock holding of respondents were 2.24 ha and 5.56 TLU per household, 
respectively. The most common forage production methods used by the smallholder farmers were broadcasting (41%), cutting (28%) 
and row seedling (18%) for both districts. For the majority of respondents (44%), the purpose of forage production of respondents was 
for animal fodder. Farmers in the study areas had a good perception about improved forage production as forages due have 
multifunction to the household in the form of soil conservation, fodder production, and income generation. Though improved forages 
have many roles in the livelihood and environmental management of the study districts, respondents had problems of skill in production 
and utilization of forages. This study elucidates that, relevant development and research interventions such as management and 
utilization of improved forage production should be the future direction of research and development. Sustainable forage development 
and use for nature conservation and is becoming very important to be a livestock feed source if cut and carry system is regularly applied. 

Keywords: Conservation, farmers' perceptions, improved forages, natural resource, utilization 

INTRODUCTION 

Livestock production in Ethiopia has considerable 
economic and social importance at household and national 
levels and provides significant export earnings. The overall 
livestock sector, such as cattle, sheep, goats, equine and 
poultry contributes 15 to 17% of gross domestic product 
(GDP) and 37 to 87% of the household incomes 
(ILRI 2010; Behnke and Menagerie 2011). Generally, the 
contribution of livestock to the national economy is 
estimated to be 47.7% of the agricultural GDP (IGAD 
2011). Although livestock has many roles in the household 
and national economy of the country, current contribution 
of this subsector is below its potential due to various 
technical and non-technical problems. Among 
technicalissues, shortage of cultivated and wild feedboth in 
quantity and quality is the one (CSA 2016).  

In Ethiopia, due to the inconsistency of feed quality and 
quantity, livestock perform poor especially in dry seasons 
of the year (Ayantunde et al. 2005). This condition calls for 
integration of improved forage that could have several 
advantages over conventional feed resources available. 
Though improved forages were being introduced as 
biological soil conservation and animal fodder in 
government intervention areas of Ethiopia, little is known 
about how farmers perceive the production and utilization 
of such forages. Farmers' perceptions about technology 
were one of the factors, which can facilitate or undermine 

adoption of improved forage technology; proceed to the 
types of improved forages grown on natural resource 
conservation areas of an agro-ecological zone and 
institutional factors individual farmers from using the feed 
resource management technology (Garedew 2005).  

The study aims to analyze farmers' perceptions, assess 
the utilization practice and identify production and 
utilization of improved forages grown on soil conservation 
areas of selected districts in northwesten Ethiopia. 

MATERIALS AND METHODS 

Description of the study area 
The study was carried out from December 2015 to 

March 2016 in Mecha and North Achefer Districts, 
purposely selected based on the practice of improved 
forage production and utilization. North Achefer receives 
an average annual rainfall of 1409mm and the temperature 

ranges 16-22.5°C (CSA 2013) and located between 11 05'-

11 38' N and 37 0'-37 23' E, at an altitude of ranging from 
1800 to 2800 m above sea level, Mecha receives an 
average annual rainfall of 1750 mm and the mean annual 
temperature of 19.5 oC. (CSA 2013). A total of 180 
households, ninety from each district were selected 
randomly from populations of farmers practice improved 
forage production and utilization in the areas. 
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Figure 1. Map of the study areas in Mecha and North Achefer Districts of West Gojjam Zone, Amhara National Regional State, 
Ethiopia 

 
 
 
 

Data management and statistical analysis 
The collected data collected were analyzed using 

employing Statistical Package for Social Sciences (SPSS 
2013). The purpose of livestock keeping and major 
livestock constraints were analyzed and summarized by 
index method. The index was computed with the principle 
of weighted average according to the following formula as 
employed by Musa et al. (2006): 

 
Index = Rn*C1+Rn-1*C2….R1*Cn/∑ Rn*C1+ Rn-1*C2….R1 

 
Where;  
Rn: Value given for the least ranked level (example if 

the least rank is 5th rank, then Rn-5, Rn-1=4 and … R1= 1) 
Cn: Counts of the least ranked level (in the above 

example, the count of the 5th rank = Cn, and the counts of 
the 1st rank = C1).  

RESULTS AND DISCUSSION 

Socio-economic characteristics of respondents 
The socioeconomic characteristics of respondents in the 

two districts are presented in Table 1. From the total 
respondents, 80% were male and the remaining (20%) were 
females of different age and educational status. The 
average age of the respondents’ household member’s was 
45.41 ranging from 25 to 80 years. The age of respondents 

in the current result was comparable with the value of 
Worku (2015) who reported that the average age of the 
respondents of peri-urban and rural areas in Sekota district 
of Waghimra zone (Amhara National Regional State) was 
41.9 years. 

The mean family size observed in the current study was 
3.16 persons per household. This result was lower than the 
study of Kebede (2009) who reported that the average 
family size in Bure district of Amhara National Regional 
State was 6.22. The analysis of variance indicated that the 
areas were not significantly different (P>0.05) concerning 
of family size and HH sex. However, there was significant 
variation (P<0.001) concerning of household sex and age 
intervals.  

 
Educational characteristics of respondents 

The education characteristics of respondents are 
indicated in Table 2. Of the total respondents, 20% were 
illiterate, whereas the remaining were literate with 26% 
read and write and 30% had attended primary school. The 
trend was similar at both locations. Education 
characteristics of respondents in the current study were 
better than Asmare et al. (2016) and Bitew et al. (2014) in 
northwestern Ethiopia. In both districts, the educational 
level had positive implications for forage development 
such as improved forage production and utilization 
practices. 

 



 BIODIVERSITAS 19 (4): 1568-1578, July 2018 

 

1570

Table 1. Socio-economic characteristic of interviewed respondents within the districts 
 

Variables 
North Achefer Mecha Overall 

Prob 
N % N % N % 

HH family size 
distribution 

1-4 26 29 14 16 40 22  
5-8 51 57 64 71 115 64  
9-10 12 13 8 9 20 11  

 >10 1 1 4 4 5 3  
 Total 90 100.0 90 100.0 180 100.0  
         

HH head sex Male 72 80 72 80 144 80  
 Female 18 20 18 20 36 20 0.315NS 
 Total 90 100.0 90 100.0 180 100.0  
         
HHs age 
Interval 

20-45 65 72.2 62 68.9 127 70.6 0.000S 
46-65 23 25.6 26 28.9 49 27.2 0.000S 
>65 2 2.2 2 2.2 4 2.2 0.000S 
Total 90 100 90 100 180 100  

         

HHs age interval 20-45 97 67.4 30 83.3 127 70.6 0.000S 
 46-65 43 29.9 6 16.7 49 27.2 0.000S 
 >65 4 2.7 0 0 4 2.2 0.32 NS 
 Total 144 100 36 100 180 100  
Note: S: Significant difference at (P<0.05), NS: Not significant difference at (P>0.05), N: Number of observation 
 

 
Table 2. Educational level of the household among the two districts 
 
Educational  
the level of HHs 

North Achefer Mecha Overall 
Prob. 

N % N % N % 
Illiterate 17 20 19 21 36 20  
Read only 21 23 26 29 47 26 - 
Primary 30 33 24 27 54 30 0.057S 
Junior 10 11 6 6 16 9  
Secondary 8 9 7 8 15 8  
>Secondary 4 4 8 9 12 7 0.019S 
Total 90 100.0 90 100.0 180 100.0  
Note: HH: Household, N: Number of observations, S: Significance difference at (P < 0.05) 

 
 

 
There were significant variations concerning of 

educational level of respondents, particularly the primary 
education and secondary education showed higher 
(P<0.001) than other respondents.  

 
Landholding and land use patterns of farming activities 

 In the study areas, major farming activities were mixed 
crop and livestock farming. The overall land holding of the 
study areas was 2.24 ha per household(Table 3). The 
average total landholding of respondents in the current 
study was slightly lower than the national average land 
holding size of 2.5 ha (CSA 2013). In both districts, only a 
few farmers allocate land for forage cultivation (8%) which 
might be because of land scarcity, lack of awareness, 
shortage of input.  

The finding is in agreement with reports of Mengistu 
(2006) for low adoption of forage plants. The average 
private grazing land in the study areas was 0.024 ha per 
household. The mean grazing land owned per household in 
this study was lower 0.51 ha in Bahir Dar Zuria which was 
reported by (Tassew 2007). The landholding status of 
respondents in all districts indicated that there was no 
significant difference among households. This condition 

might be due to the fact that farmers had the same place of 
land for multiple purposes in the study area.  
 
Livestock holding of respondents 

The overall mean of livestock holding in the study areas 
is shown in Table 4. The result showed that the mean 
livestock holding per household of 5.66 TLU. The finding 
of this study was comparable with 5.31 TLU, reported by 
Mulu (2009) in Bure district and lower than 7.3 TLU, 
Anteneh (2006) in Fogera district of the same area 
previously.  

Purpose of livestock keeping 
The purpose of livestock keeping by respondents in the 

study districts is shown in Table 5. The functions of cattle 
in the area like other locations were milk production, 
draught use, beef production and household consumption. 

In the study area, livestock is an integral part of the 
agricultural systems serving as the source of draught power 
for land preparation, of meat and milk, of income and 
savings. The purpose of livestock in the current study area 
is in line with earlier reports for other areas of the country 
(Yeheyis et al. 2010; Assefa et al. 2015). 
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Livestock feed resources 
 The major livestock feed resources of livestock both in 

dry and wet seasons were presented in Tables 6 and 7. The 
most essential feed resources for livestock in the study 
areas were crop residues, natural pasture, hay and browsed 
trees, industrial by-products, improved forages and Attela 
(local breweries byproduct).  

Dry season feeds 
In the study area, during the dry season the major feed 

resources used by respondents were mixed sward grass 
hay, Attela (local breweries byproducts), improved forages, 
and household wastes and crop residues, respectively were 
among commonly used according to the order of 
availability. This result was in contrary with the result 

reported by Endalew et al. (2016) in Enebsie Sarmidr 
District, East Gojjam Zone. The contribution of crop 
residues was increasing from time to time as reported by 
Tolera (2007) which reaches up to 80% during the dry 
seasons of the year in the rural livestock feeding systems of 
the country.  

Wet season feeds 
During the wet seasons of the year, the major livestock 

feed resources in the study areas were ranked as natural 
pasture, weeds and green grasses like Andropogon species, 
improved forages and browse plants, Attela, industrial 
byproducts and HH wastes, crop residues (1st, 2nd,3rd ,4th,5th 
and 6th), respectively. This result agreed with Endalew et 
al. (2016), in Enebsie Sarmidr District, East Gojjam Zone.  

 
 
 
Table 3. Landholding of the respondents across the different districts 
 
Total landholding in 
interval (ha) 

North Achefer Mecha Overall 
Prob. N % N % N % 

1.5-1.75 2 2.2 4 4.4 6 3.3  
2-3.0 60 66.7 66 73.3 126 70  
>3.0 28 31.1 20 22.2 48 26.7 0.067NS 
Total 90 100.0 90 100.0 180 100.0  
Mean ± SE  2.29±0.053  2.18±0.051  2.24±0.052  
Note: N: Number of observation (frequency), ha: hectare (1 ha: 4 Kada the local name), NS: Not significant difference at (P>0.05) 
 
 
Table 4. Overall species composition of herds (TLU) distribution among districts per HHs 
 

Livestock species LHI (TLU) 
North Achefer Mecha Overall 

CF 
N % N % N % 

Cattle 0-2 0 0 2 2.2 2 1  
 3-4 4 4.4 5 5.6 9 5  
 5-6 35 38.9 43 47.8 78 43 0.7 
 7-8 20 22.2 33 36.7 53 29  
 >8 31 34.4 7 7.8 38 21  
 Total 90 100.00 90 100.00 180 100.00  
Sheep 0-1 8 8.9 18 20.0 26 14  
 2-3 14 15.6 16 17.8 30 17 0.1 
 >3 68 75.6 56 62.2 124 69  
 Total 90 100.00 90 100.0 180 100.00  
Goats 0-1 29 32.2 56 62.2 85 47  
 2-3 14 15.6 22 24.4 36 20  
 >3 47 52.2 12 13.3 59 33 0.1 
 Total 90 100.00 90 100.00 180 100.00  
Equines 0-1 62 68.9 70 77.8 132 73  
 2-3 28 31.1 20 22.2 48 27  
 >3 0 0 0 0 0 0 0.8 
 Total 90 100.00 90 100.00 180 100  
Poultry 0-1 15 16.7 14 15.6 29 16  
 2-3 6 6.7 3 3.3 9 5  
 4-6 14 15.6 24 26.7 38 21 0.01 
 >6 55 61.1 49 54.4 104 58  
 Total 90 100.00 90 100.00 180 100.00  
Bee colony* 0 47 52.2 43 47.8 90 50  
 1-3 30 33.3 41 45.6 71 39 No CF 
 4-7 12 13.3 5 5.6 17 9  
 8-10 0 0 0 0 0 0  
 >10 1 1.1 1 1.1 2 1  
Total  90 100.00 90 100.00 180 100.00  
Note: LHI: Livestock holding interval, N: number of observation, TLU: Tropical Livestock Unit (Source (ILCA 1991), CF: Conversion 
factor, *: No conversion factor 
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Improved green fodders such as green grasses and 
weeds were relatively better available during the wet 
season (July to October). During this period, animals gain 
better body weight and body condition, but later as 
extended dry period precedes the body weight of the 
animals reduce weight from 10 to 15 kg gradually. The 
same type of work was reported by Tegegne and Assefa 
(2010) in the same area. The study of Endalew et al. (2016) 
also compliments the current finding.  

 
 

Grazing land utilization 
Grazing on either private grazing land or communal 

grazing land was a common practiced following the onset 
of rain in most parts of the study areas in the study areas. 
There was the higher utilization of grazing land as the 
source of animal feed in the average usage of grazing in the 
study sites were (73.5%). Statistically, there was significant 
difference between the two districts (P<0.05). There were 
two types of grazing lands, i.e., private and communal. 
Over 50% of the feed to animals came from natural pasture 
which conforms to the general indication that natural 
pasture is one of the major sources of animal feed 
(Endalew et al. 2016).  

 
 
Table 5. Ranking index of livestock production purposes in the study areas 
 
Livestock production 
purpose 

North Achefer Mecha Overall 
% Index Rank % Index Rank % Index Rank 

Meat  72 0.14 3 59 0.12 4 131 0.13 2 
Milk 83 0.16 2 87 0.17 1 170 0.17 1 
 Milk products  38 0.07 6 51 0.1 5 89 0.09 4 
Sale/Income  47 0.09 5 64 0.13 3 111 0.1 3 
Work/draft 90 0.17 1 79 0.16 2 169 0.17 1 
Manure/compost 48 0.09 5 48 0.1 5 96 0.09 4 
Breeding/Mating 34 0.07 6 29 0.06 8 63 0.06 5 
Saving 46 0.09 5 46 0.09 6 92 0.09 4 
Hide and skin 58 0.12 4 39 0.07 7 97 0.1 3 
Total  516 1  502 1  1018 1  
 
 
Table 6. Ranking index of livestock feed resource in dry seasons in the study areas 
 

Feed resources 
North Achefer Mecha Overall 

% Index Rank % Index Rank % Index Rank 
Natural pasture 34 0.07 7 32 0.06 7 66 0.06 7 
Crop residues 65 0.12 4 65 0.13 3 130 0.13 3 
Hay 86 0.17 1 85 0.17 1 171 0.17 1 
Browse plants 20 0.04 8 20 0.04 9 40 0.04 8 
WGG 22 0.04 8 24 0.05 8 46 0.04 8 
HH wastes ** 68 0.13 3 60 0.12 4 128 0.12 4 
Attela 74 0.14 2 72 0.14 2 146 0.14 2 
Improved forages 66 0.13 3 68 0.13 3 134 0.13 3 
IBP 46 0.09 5 46 0.09 5 92 0.09 5 
Other feeds* 40 0.08 6 43 0.08 6 83 0.08 6 
Total  521 1  515 1  1036 1  
Note: IBP: industrial by-products, others*: such as, Multiple responses were possible, WGG: Weeds and green grasses 
 
 
Table 7. Ranking index of livestock feed resources in wet seasons in the study areas 
 

Feed resources 
North Achefer Mecha Overall 

% Index Rank % Index Rank % Index Rank 
Natural pasture 91 0.16 1 94 0.14 2 185 0.15 1 
Crop residues 36 0.06 6 48 0.07 4 84 0.07 6 
Hay 23 0.04 7 40 0.06 5 63 0.05 7 
Browse plants 77 0.14 2 96 0.14 2 173 0.14 2 
WGG 81 0.14 2 76 0.11 3 157 0.13 3 
HH wastes ** 48 0.08 4 47 0.07 4 95 0.08 5 
Attela 64 0.11 3 76 0.11 3 140 0.11 4 
Improved forages 64 0.11 3 104 0.16 1 168 0.14 2 
IBP 46 0.08 4 47 0.07 4 93 0.08 5 
Other feeds* 40 0.07 5 41 0.06 5 81 0.07 6 
Total  570 1  669 1  1239 1  
Note: IBP: Industrial by-products; others*- such as Urea molasses block, Urea treatment; WGG: Weeds and green grasses 
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The status of grazing land improvement option of 

districts is shown in Table 7. The available grazing lands in 
the study districts include communal grazing areas and 
roadside grazing areas. In the study district, in addition to 
free grazing practices, cut and carry feeding was practiced 
by dividing the field into individual who own livestock and 
regularly kept to escape from free grazing which was in 
agreement with previous reports (Tesfaye 2010; 2014). 

Status of improved forage production 
The status of improved forage production of study areas 

is shown in Table 8 and 9. Finding elucidated that there 
was a relatively good status of improved forage production 
by farmers in the two districts. The reason might be due to 
the fact that integration of improved forages with the 
farming system has been promoted in the study areas for a 
long time. Among the species of forages used by 
smallholder farmers in the soil conservation areas were 
napier grass (Pennisetum purpureum), desho grass 
(Pennestum pedicellatum), rhodes grass (Rhodes gayana) 
which was similar in both districts.  

These improved forage species and varieties were 
primarily introduced to the study districts by the 

government via the forage extension packages.Their 
productivity and feed value were also medium due to 
medium proportion of improved forages. Improved forages 
mainly legumes can improve the productivity of these 
pastures by improving the fertility status of the soil. It was 
observed that 78% of the sampled households practice 
forage cultivation in their private holding and the 
remaining (22%) of the households did not cultivate 
improved forage production. 

The primary feed resources for livestock in the study 
areas were found to be natural grazing lands, crop residues 
and cultivated forages species sesbania (Sesbania sesban), 
pigeon pea (Cajanus cajan), and napier grass (Pennisetum 
purpureum). Forage legume trees like sesbania and pigeon 
pea are established using seedlings (Tesfaye 2014). 
Similarly, forage grasses like Napier grasses are established 
using cuttings and root split(Table 10). Browse forage 
legumes like pigeon pea are usually created using direct 
seeding. Likewise, perennial forage grasses like rhodes 
(Cloris gayana) grass, buffle grass, and aquatic grass are 
established by broadcasting.  

 
 
 
Table 8. Intervention mechanisms for improved forage grown and the shortage of grazing land in the study areas 
 

Intervention mechanisms 
North Achefer Mecha Overall 

N % N % N % 
Area Enclosures 5 3 6 3 11 6 
Control of free grazing 5 3 8 4 13 7 
Good commitment rule 5 3 6 3 11 6 
Good management practice 4 2 5 3 9 5 
Livestock take off 7 4 8 4 15 8 
Mixing cropping sowing 5 3 3 2 8 4 
Preservation when abundance 6 3 5 3 11 6 
Combined intervention strategies 53 29 49 28 102 57 
Total 90 50 90 50 180 100 
 
 
 
Table 9. Improved forage production in the percentage of household in the study areas 
 

Improved forage 
production 

North Achefer Mecha Overall 
Prob. 

N % N % N % 
Yes  68 75.6 73 81.1 141 78 0.000S 
No  22 24.4 17 18.9 39 22 0.000S 
Total 90 100 90 100 180 100  
Note: S: significant difference at (P< 0.05) 
 
 
Table 10. Improved forage establishment methods used by farmers in the study areas 
 

Forage Establishment methods 
North Achefer Mecha Overall 

X2 Prob. 
N % N % N % 

Broadcasting (Rhodes grass) 82 54 66 32 148 41 74.76a 0.000S 
Cutting (Napier grasses) 32 21 67 32 99 28 1.81a 0.18NS 

Row Seeding/seed bed 24 16 41 20 65 18 13.89a 0.000S 

Seedling (sesbania) 13 9 34 16 47 13 41.09a 0.000 S 
Total  151 100 208 100 359 100   
Note: a: X2-Chi-Squares with columns having the same superscript letters are significantly different at (p<0.01) and not significantly 
different at (p>0.01), multiple responses were possible 
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Purpose of improved forage production 
Based on the current results in both districts improved 

forage plants were primarily grown for animal feed (44%) 
(Table 10). The animals were supplemented with green 
forages during the long dry seasons. Improved forages had 
good feeding value concerning nutrient contents and 
digestibility. Especially protein and energy were essential 
for better animal performance because milk and other 
products increase their nutrients flourish for the neonate 
and human nutrition (Mengistu 2012; Endalew et al. 2016).  

The current result was beside animal feeds grown 
forage provide multiple benefits forage seed production 
purpose of used in the study areas(Table 17). Different 
forage species were grown by the smallholder farmers in 
the study areas. The type of improved forage species 
produced includes Napier grass, Desmodium interterm, 
pigeon pea (Cajanus cajan), rhodes grass (Chloris gayana), 
sesbania (Sesbania sesban), vetiver grass, Ficus thinning 
and others. Biological conservation was used for gully 
treatment and degraded area rehabilitation. Here, forages 
like napier grass, vetiver grass and sesbania are largely 
utilized in combination with physical structures.  

Ranking of improved forage species according to their 
importance 

Based on the current results, among the grown 
improved forages species sesbania, pigeon pea, and napier 
grass were primarily produced by the smallholder farmers 

as first, second and third ranks based on their importance in 
the study areas(Table 11).  

On average, in both districts, 0.019 hectares of land was 
covered by improved forages (perennial crops). Concerning 
species, the overall result showed that sesbania (33%), 
rhodes grass (19%), pigeon pea (18%) and napier grass 
(16%) were produced by farmers. Similar results were 
recorded by (Mekoya et al. 2008; Tesfaye 2010).  

Forage development strategies 
Improved forage development strategies practiced in 

the districts were more related with the aim of developing 
improved forage crops,soil conservation and forage (Table 
13). The percentage of overall results in forage 
development strategies in the study areas as given by 
respondents were in the backyard/homestead16%, private 
pasture land 15%, both area exclosures and forage strips 
14%, undersowing and oversowing 12% and others. The 
practice of backyard forage production by most farmers 
might be due to the fact that backyard methods require the 
small plot of land around the homestead areas. This result 
was disagreed with the previous and others of respondents 
in used alley cropping 47%, area exclosures 28%, under 
sowing 19%, backyard/homestead 4% finding and others 
reported by Tesfaye (2014) in Eastern zone of Tigray. The 
respondents have used strips/area exclosures 36.16%, 
backyard/homestead 35.27%, under sowing11%, 
oversowing 8.29% and others (Endalew et al. 2016).  

 
 
 
 
Table 11. Purpose of improved forages under the smallholder farmers in the study areas 
 

Forage growing purpose 
North Achefer Mecha Overall 

X2 Prob. 
N % N % N % 

Forage seed production 9 10 16 18 25 14 24.20a 0.000 S 

Hedge fence  8 9 3 3 11 6 45.00a 0.000 S 
Honeybee flora 8 9 10 11 18 10 18.69a 0.000 S 
Livestock feed  42 47 35 39 80 44 25.69a 0.000 S 
Soil and water conservation  14 16 13 14 24 13 3.20a 0.074 NS 
Windbreak 6 7 5 6 11 6 30.42a 0.000 S 
Others  3 3 8 9 11 6 62.42a 0.000 S 
Total  90 100 90 100 180 100   
Note: a: X2-Chi-Squares with columns having same superscript letters are significantly different; at (P< 0.01) and not significantly 
different; at (P>0.01), others- includes fuel woods, biofuels, providing shelters), multiple responses were possible. 
 
 
 
  
Table 12. Ranking index of improved forage according to their importance to the smallholders  
 

Forage name 
North Achefer Mecha Overall 

% Index Rank % Index Rank % Index Rank 
Napier grass 15 0.15 3 17 0.17 3 32 0.16 4 
Ficus  3 0.03 5 5 0.05 6 8 0.04 6 
Desmodium  0 0 6 4 0.04 7 4 0.02 7 
Pigeon pea 28 0.28 2 7 0.07 4 35 0.18 3 
Rhodes grass 10 0.1 4 28 0.28 2 38 0.19 2 
Sesbania 34 0.34 1 32 0.32 1 66 0.33 1 
Vetivar grass 10 0.1 4 6 0.06 5 16 0.08 5 
Total 100 1.0  100 1.0  199 1.0  
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Table 13. Ranking index of forage development strategies among districts 
 

Improved forages 
North Achefer Mecha Overall 

N Index Rank N Index Rank N Index Rank 
Backyard/homestead 76 0.16 2 79 0.17 1 155 0.16 1 
Alley cropping 39 0.08 6 34 0.07 6 73 0.08 6 
Private pasture land 81 0.17 1 62 0.13 3 143 0.15 2 
Undersowing 57 0.12 5 57 0.12 4 114 0.12 4 
Area exclosures 72 0.15 3 64 0.14 2 136 0.14 3 
Forage strips 72 0.15 3 62 0.13 3 134 0.14 3 
Oversowing 44 0.09 4 67 0.14 2 111 0.12 4 
Others 39 0.08 6 48 0.10 5 87 0.09 5 
Total 480 1  473 1  953 1  
Note: N: Number of observations, multiple responses was possible. HH interview in Enamrt kebele (A: napier grass; liben kebele (B: 
pigeon pea (plantation) as well as in dembola kebele (C: Sesbania). 
 
 
  
Irrigation based improved forage production 

The survey result was indicated that households having 
irrigation facility to produce improved forage in Mecha 
area (56%) was greater than in North Achefer area (47%) 
and statistically there was significance difference (P<0.05) 
of irrigation based forage production between districts 
(Table 13). Access to irrigation supplements moisture, 
which enables farmers to maximize agricultural production. 
The smallholder farmers grew different forage both in 
North Achefer and Mecha areas. Water is an essential 
resource for forage production; the amount and distribution 
of rainfall significantly determine the growth and 
production of improved forage. Irrigation access offers the 
chance for forage production to the farmers. Farmers 
having good access to irrigation, they can practice forage 
growth three times a year. 

Forage productions were promoted in the study areas 
for a long time (Table 15 and 16). These were irrigated and 
none irrigated of improved forage grow in natural resource 
conservation at different months among in the study areas. 
Generally, even where farms were small, farmers may 
allocate a small portion of their plot to irrigated fodder 
where market linkages wereproper. Demonstrate irrigated 
fodder (integrate fodder in small-scale irrigation) 
(Haileslassie et al. 2012). 

Empirical adoption studies of improved forage grown 
on natural resource conservation areas 

Households had different perception about improved 
forage grown on natural resource biological soil 
conservation area enclosures. As already noted, the 
majority of smallholder farmers in Ethiopia are producing 
both crops and livestock. Based on farmers perceptions’ on 
soil and water conservation among the bund stabilizers, 
farmers preferred sesbania (Sesbania sesban), napier grass 
(Pennisetum purpureum), pigeon pea (Cajanus cajan) and 
vetiver grass for its adaptability and performance on the 
soil bunds in the study areas. Napier grass showed very 
outstanding establishment and performance including dry 
months in a year even as compared to local grasses (Dejene 
et al. 2012). Farmer perceptions' about improved forage 
production and use technology was one of the factors 
which can facilitate or undermine adoption of improved 
forage technology and there were different socio-economic 

and institutional factors hindering individual farmers from 
using the technology (Garedew 2005).  

Different improved forage species such as Pennisetum 
purpureum, Sesbania sesban and Cajanus cajan were 
tested and were found to be well adapted, productive and 
accepted by the farmers. Improved forage species various 
forage technologies such as hedgerow, backyard and soil 
bund mainly associated with the natural resource 
conservation areas were demonstrated. However, the 
adoption rate of forage production was found to be very 
low due to weak extension support, which mainly 
emphasized food crops in the study areas. Forage 
development strategies such as hedges around field edges 
and on soil bunds, particularly on the sloping land, 
intercropped with the cereals and alley cropping had a 
chance of better acceptance by the community. This study 
attempts to identify factors affecting the adoption and 
intensity of use of improved forage technologies, similarly, 
reported by (Beshir 2013). The current result showed that 
different organization supports different materials to the 
local community to integrate improved forage development 
on natural resource biological soil conservation areas 
enclosures. The farmers were the primarily responsible 
actors for improved forage development practice on natural 
resource conservation in the study areas. According to 
Dejene et al. (2012), the enclosures areas could be 
protected by not only community but also government 
should be involved in the protection and management of 
the enclosures areas. Farmers' perceptions and awareness of 
improved forage development on natural resource 
biological soil conservation practices in the study areas 
improved from time to time, similarly, reported by Geleti 
(2014). 

According to Teklu et al. (2011), on the previous study 
in Benishangul-Gumuz; expansion of improved forage 
among households was limited due to weak extension 
services and limited involvement and devotion of research 
institutions. The difference in farmers’ perceptions about 
the contribution of soil and water conservation to livestock 
productivity could be related to livestock management 
system. Livestock number before and after soil and water 
conservation, different in adoption of the technologies and 
geographical positions among the households of soil 
conservation.  
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Table 14. Forage production in irrigation scheme under the smallholder farmers’ between districts 
 

Irrigation access Growing forage 
North Achefer Mecha Overall 

Prob. 
N % N % N % 

Yes Yes 42 47 50 56 92 51 0.009S 

 No 25 28 13 14 38 21 0.000S 

No Yes 16 18 18 20 34 19 0.000S 
 No 7 8 9 10 16 9 0.000S 
Total   90 100.00 90 100.00 180 100.0  
Note: N: Number of observation, S: significant difference at (P<0.05) 
 

 
Table 15. Ranking index primarily responsible for improved forage development on conservation areas closure protection in the study areas 
 

Primarily responsible improved forage grown 
North Achefer Mecha Overall 

% Index Rank % Index Rank % Index Rank 
Community 94 0.37 1 100 0.42 1 194 0.39 1 
NGO 36 0.14 3 47 0.20 3 83 0.17 3 
Government 87 0.35 2 58 0.24 2 145 0.30 2 
Community leadership 36 0.14 3 32 0.14 4 68 0.14 4 
Total  253 1  237 1  490 1  
Note: NGO: Non-government organization 
 
 
Table 16. Ranking index of improved forage grown on natural resource biological conservation area closure ownership 
 
Improved forage is grown on 

NBSCA 
North Achefer Mecha Overall 

% Index Rank % Index Rank % Index Rank 
Individual 
 

82 0.28 
 

1 
 

93 
 

0.28 
 

1 
 

175 0.28 1 
 Kebele administrator 78 0.26 2 72 0.22 3 150 0.24 3 

Community 74 0.25 3 88 0.27 2 162 0.26 2 
NGO 30 0.10 5 47 0.14 4 77 0.12 4 
Others 32 0.11 4 28 0.09 5 60 0.1 5 
Total 296 1  328 1  624 1  
Note: NBSCA: natural resource biological soil conservation areas 
 
 
Table 17. Improved forage is grown on natural resource conservation after area closure establishment across in the study areas 
 

Improved forage is grown after area 
closure 

North Achefer Mecha Overall 
X2 Prob. N % N % N % 

Green area 88 17 86 17 174 17 156.80a 0.000S 

Seed production 75 15 85 17 160 16 108.89a 0.000S 
Soil fertility increase 88 17 84 16 172 17 149.42a 0.000S 
Control of free grazing land 89 18 88 17 177 17 168.20a 0.000S 

Decrease soil erosion 88 17 86 17 174 17 156.80a 0.000S 
Others 77 15 82 16 159 16 105.80a 0.000S 
Total 505 100 511 100 1016 100   
Note: a: X2-Chi-Squares with columns having same superscript letters are significantly different; at (P< 0.01), others- includes fuel 
woods, biofuels, providing shelters), multiple responses were possible 
 
 
 

As it was pointed out in the group discussion, poor 
farmers were able to buy livestock after soil and water 
conservation and started to share grasses from the 
communal areas. Therefore, those who keep the high 
number of livestock and those who used to take the share 
of the poor were the ones resisting the expansion of zero 
grazing and said that their milk yield was decreased after 
soil and water conservation. A similar observation was 
reported by Gebreyohannes and Hailemariam (2011). 
Integrating physical structure (soil bund) and biological 

measures (sesbania, napier grass, vetiver grass and etc.) 
were done with the full participation of farmers and the 
distance between the two soil bunds was determined by the 
farmers themselves. Finally, with the help of researchers 
were constructed soil bunds, planted stabilizers (napier 
grass and shrubs) and did continuous maintenance. We 
made continuous participatory, monitoring and evaluation 
and observed the improvement of the soil from time to 
time. Desho grass was also used for land conservation 
purposes (Asmare et al. 2016). 
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Table 18. Major constraints of improved forage grown on natural resource conservation areas closure across in the study areas 
 

Major constraints of improved forage 
North Achefer Mecha Overall 

N % Rank N % Rank N % Rank 
 Expanded free grazing and shortage land 63 21 2 43 17 5 106 19 3 
 Lack of protection areas 68 22 1 51 20 3 119 21 2 
Increased cost price improved forage seed 49 16 4 58 23 1 107 19 3 
Seasons of factor improved forage plantation  61 20 3 47 18 4 108 19 3 
Lack of awareness 65 21 2 57 22 2 122 22 1 
Total  306 100  256 100  562 100  
 
 
 
 

Based on the current study improved forages grown on 
natural resource biological soil conservation after area 
closures establishment across the study areas both districts 
were getting the ability to protect the environmental 
condition. The survey result was indicated that smallholder 
farmers were accepted improved forage grown in the study 
areas. The difference in the improved forage compositions 
in the study areas. The study had generated ample 
information on farmers' perceptions, yield and chemical 
composition of improved forages grown on natural 
resource conservation Midland areas in two Districts of 
West Gojjam Zone, Amhara Region. According to Demeke 
et al. (2017), the chemical composition from the natural 
resource conservation areas were above 9% CP which was 
optimum for improved livestock production in the study 
areas. There were various forage species and varieties 
introduced to the areas by Government, NGO’s and others 
across different periods and these improved forage plants 
were included sesbania, rhodes grass, pigeon pea, napier 
grass, vetiver grass and others. These species were well 
adapted to natural resource soil conservation areas which 
were served mainly as animal feeds. The chemical 
composition of improved forage was similar to what has 
been reported by Geleti (2014), Haftay and Kebede (2014), 
and Abebe and Tamir (2016). 

Constraints to improved forages cultivation in soil and 
conservation areas 

Major constraints of improved forage cultivation in the 
study areas showed in Table 18 were increased cost price 
improved forage seed in the community and lack of 
commitment to protection areas were in Mecha area (23%) 
and North Achefer area (22%), respectively, as a first 
major constraint in both districts. The overall percentages 
of lack of awareness in the community was the first ranked 
(22%) as the main constraint in the study areas, whereas 
lack of moisture, etc. improved forage plantation time and 
lack of commitment to protection area closures were (1st) 
(22%) ranked in North Achefer and Mecha areas (20%) 
districts.  

The most constraints of improved forage utilization 
were un-cutting at the proper stage of growth (esp. tree 
legumes like Sesbania sesban); un-chopping, un-mixing 
with other dry feeds, imbalance of offering of harvested 
improved forage (priority of offering to productive 
livestock especially lactating dairy cows), land and water 
scarcity, low access to improved technologies and training. 

In agree with on the previous study, shortage of land (1st), 
the high expense of forage planting materials (2nd), lack of 
awareness (3rd) and weak extension services (4th) in rank 
were the main constraints hindering adoption of improved 
forages (Assefa et al. 2015).  

In conclusion, the finding summarized that improved 
forages were already introduced, their utilization status 
wasinferior, hence more extension work should be 
implemented in the study areas to conserve natural 
resources and improve the productivity of livestock. 
Almost all of the farmers (97%) in the study areas had the 
good perception of improved forage production and 
utilization due to their function as soil conservation and 
feeding value as well as income generation. The most 
constraints of improved forage utilization were un-cutting 
at the proper stage of growth (esp. tree legumes); un-
chopping, unmixing with other dry feeds, imbalance of 
offering of harvested improved forage (priority of offering 
to productive livestock especially lactating dairy Cows), 
land and low access to improve forage technologies and 
training. Generally, the farmers' perceptions yield and 
improved forages are grown on natural resource 
conservation areas were faced with various farmers' 
perceptions awareness of improved forage strategic 
development practices. 
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Abstract. Nacua AE,  Pacis HJM, Manalo JR, Soriano CJM, Tosoc NRN, Padirogao R, Clemente KJE, Deocaris CC. 2018. Macrofungal 
diversity in Mt. Makiling Forest Reserve, Laguna, Philippines: with floristic update on roadside samples in Makiling Botanic Gardens 
(MBG). Biodiversitas 19: 1579-1585. The Mt. Makiling Forest Reserve (MMFR) stands as a highly biodiverse habitat and the only 
intact natural forest near Metro Manila, the Philippines. It is one of the 18 key centers of plant biodiversity and 32 key ecotourism sites 
in the Philippines. In monitoring the implementation plans for protecting MMFR, the information pertaining to the mushroom 
biodiversity across decades is important. Therefore, we aim to study mushroom as an indicator for biodiversity since there has been 
studies in the past 30 years on the macrofungi of MMFR which we summarized here along with ours. Sampling was done in August 
2017 based on the transect line of 1000 m along roadsides of Makiling Botanic Gardens (MBG). The distribution of the sampling units 
was carried-out using random and stratified sampling. Our study describes 21 macrofungal taxa collected from MMFR. Of these, 20 
taxa belong to Basidiomycota and only one belongs to Ascomycota. Polyporaceae was found as the most dominant macrofungi family 
(24%). There were six (6) species that are medicinal, and no poisonous species noted. There are eleven (11) species in this study which 
are unique records compared with previous studies done in the macrofungi of MMFR. This is the first study done comparing mushroom 
across 30 years on a reserved area. Information on these macrofungal flora across time serves as a reference for the currently existing 
conservation efforts and implementation of biodiversity-related policies in MMFR. 

Keywords: Ascomycota, Basidiomycota, flora, macrofungi, Makiling 

INTRODUCTION  

Fungi comprises an astounding breadth of taxa and 
ecologies, from the mushroom-forming fungi to yeasts, 
rusts, smuts, mold, and other symbionts. There is an 
estimate of 1.5 million fungal species on Earth, of which 
only about 70,000 have been described. Yet despite this, 
limited information is available for most species as it is 
estimated to take 1,000 years to characterize the over 1 
million still unidentified species  (Hawksworth 2004, 
Mueller and Schmit 2007).  

Referred to as mushrooms, macrofungi are frequently 
visible to the naked eye (> 1 cm in size). These eukaryotes 
possess morphologically distinct spore-bearing fruiting 
bodies and commonly appear with stalks. Of the four 
fungal phyla recognized, macrofungi belong to the 
Ascomycota and Basidiomycota with an estimated 53,000 
to 110,000 species  (Hibbett, Binder et al. 2007, Mueller 
and Schmit 2007). While macrofungi grow best during the 
rainy season, they can be found in almost all types of 

substrates, e.g., soil, grassy ground, rotten wood, decaying 
organic matter, etc.  (López-Quintero, Straatsma et al. 
2012). 

The nutritional and medicinal properties of many 
macrofungi are well known and documented. Fruit bodies 
of about 200 mushroom species are being consumed 
throughout the world, preferably as a delicacy. They are 
generally regarded as healthy foods, poor in calories and in 
fat, but rich in crude fiber, proteins, chitin, vitamins, 
minerals and bioactive mycochemicals  (Manzi, Gambelli 
et al. 1999, Kalač 2013). Many edible mushrooms are also 
valued in complementary and alternative medicine, 
including Lentinula edodes (shiitake mushroom), Grifola 
frondosa (maitake), Hericium erinaceus, Flammulina 
velutipes, Pleurotus ostreatus, and Tremella mesenterica  
(Sullivan, Smith et al. 2006). Limited local studies on 
macrofungi revealed several biological activities such as 
anti-hypertensive  (Eguchi, Dulay et al. 2014), anti-
microbial  (Reyes, del Rosario et al. 2017, Gaylan, Estebal 
et al. 2018), anti-thrombotic  (San Pedro, Mangansat et al. 
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2016), anti-mutagenic  (Canalita and Bajo 2017) and anti-
angiogenic  (Deocaris and de Castro et al. 2005). 

As one-third of global fungal diversity is believed to 
exist in the tropical regions with macrofungi comprising 
10% of that diversity  (Mueller, Schmit et al. 2007), fungal 
biodiversity in the Philippines covers 3956 species and 818 
genera based on old published enumeration from the classic 
studies done in the 1930s  (Teodoro 1937) as well as the 
updated list in 1977  (Quimio and Capilit 1981). However, 
despite a strong historical foundation for mycology in the 
Philippines which dates back to as early as 1820  (Graff 
1916), it has been noted that “there are only a few recent 
developments in terms of fungal survey to advance the 
field probably” which may be attributed to small number of 
mycologists in the country  (Cumagun 2015).”  

The collection and identification of the macrofungi in 
the wild could be an enormous input to promote and 
conserve mushroom biodiversity. In our paper, we present 
a recent survey of the macrofungi in Mt. Makiling Forest 
Reserve (MMFR), a 4,000-hactare forest that is the major 
headwaters of the Laguna Lake vegetation in Southern 
Philippines. Mt. Makiling stands as a highly biodiverse 
habitat and the only intact natural forest near Metro Manila, 
and which according to a recent hydrologic modeling 
study, has its forest reserve affected by the adverse impacts 
of climate variability  (Combalicer and Im 2012).  

Mt. Makiling is one of the 18 key centers of plant 
biodiversity and 32 key ecotourism sites in the Philippines 
(Ranada 2013) and is recognized by the Food and 
Agriculture Organization of the United Nations as a model 
of “Exemplary Forest Management in Asia” (Durst et al. 
2005). Despite a Philippine law in protecting MMFR by the 
UPLB, the economic growth in the region through 
exploitation of the rich natural resources base has been 
moving forward with environmental and social 
consequences.  In monitoring the implementation plans for 
protecting MMFR, the information pertaining to the 

mushroom biodiversity across decades is important. 
Therefore, we are studying mushroom as an indicator for 
biodiversity since there has been studies in the past 30 
years on the macrofungi of MMFR which we are 
summarizing here along with ours. The study is done to 
understand biodiversity and provide a trend of biodiversity 
across time. 

MATERIALS AND METHODS 

Description of the sampling area 
Mt. Makiling rises to a maximum elevation of 1,130 m 

above sea level (asl) with more than 3,000 hectares of its 
forest reserve above 400 m asl. Its forest reserve is located 
at coordinates 14°08’N 121°12’E and is 65 km from Metro 
Manila, the Philippines. Connecting the political boundary 
of the provinces of Laguna and Batangas, the forest covers 
sections of the municipalities of Bay, Los Banos, and 
Calamba in Laguna, and Sto. Tomas in Batangas. Since 
1990, the University of the Philippines-Los Baños (UPLB) 
has been granted by the Philippine government exclusive 
control, jurisdiction and administration of the forest reserve 
by virtue of the Republic Act 6967. Wet months are usually 
from May to December and drier periods are from January 
to April. The average annual rainfall is about 2.4 m. Mean 
annual temperatures range from 25.5-27.5oC.  The coldest 
month is January and the warmest are in April and May. 
There has been no recorded eruption of Mt. Makiling in 
recent history but volcanism is still evident through its 
geothermal features, like mud spring and hot springs. The 
soil in the Forest Reserve is clay-loam derived from 
volcanic tuff and ash. High in organic matter, the soil is 
very fertile. Acidity is typical of rainforest soil, the pH 
ranging from 4.3 to 6.5. The location of the study could be 
seen in Figure 1. 

 
 

 
 
Figure 1. A. Geographical satellite view of the study site in Mt. Makiling Forest Reserve, Philippines. B. 1000-meter transect line 
indicated by black arrowheads traversing from the road of Makiling Botanic Gardens towards the mountain area. (Figures was made 
using ©Scribble Maps) 

 A  B 
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Sample collection 

Sampling was done in August 2017 based on the 
transect line of 1000 m from Makiling road to Botanic 
Garden of Mt. Makiling Forest Reserve. The distribution of 
the sampling units was carried-out using random and 
stratified sampling  (de Vries 1986). Collection of 
macroscopic fungi was performed in the morning when 
temperature is favorable and fruiting bodies of the 
macrofungi are expanded. Fruiting bodies were carefully 
detached and stored in water-proof containers with 
moisture absorbent. The collected macrofungi specimens 
were preserved either in 2% (for fleshy) and 4% 
formaldehyde (for woody or hard). All the macrofungi 
were photographed in their natural habitat, collected, 
identified and classified. All samples were kept by the 
Bureau of Plant Industry (BPI) of the Republic of the 
Philippines. 

Characterization and identification 
Macrofungal specimens were characterized and 

identified based on standard procedures in Quimio (2001) 
and Tadiosa et al. (2012). The following criteria were used 
to describe and identify the collected specimens: (i) cap or 
pileus- size (cm), shape, color and color changes (upper 
and lower surface), margin, and firmness of basidiocarp; 
(ii) gills or lamellae-attachment to the stipe, thickness, 
forking, color and color changes, and orientation of hyphae 
in the inner gills; (iii) stipe or stalk- size (cm), diameter 
(cm), attachment or position, shape, and firmness; (iv) 
presence or absence of cystidia, basidia, and basidioles; (v) 
presence or absence of sterigmata; (vi) mycelium-if visible, 
color when still attached to the basal stipe and the roots; 
(vii) hyphae, relative size, presence or absence of septation 
and clamp connection; (viii) habitat (substrate) and (ix) 
edibility  (Stamets and Chilton 1983, Angeles, Arma et al. 
2016). Ecology, habitat and edibility status were also 
noted. Confirmation of initial identities of the specimens 
was done by consulting with an expert from the National 
Museum of the Philippines, Manila. 

RESULTS AND DISCUSSION 

Surveys of macrofungi has been reported by different 
researchers as it is estimated that about 60% of the known 
Philippine fungi are data derived from field surveys in Mt. 
Makiling Forest Reserve  (Quimio and Capilit 1981, 
Quimio 1986, De Castro and Dulay 2015).  The extensive 
bibliography on fungi in Mt. Makiling has provided 
essential data for the aims of this paper. 

Our study describes 21 macrofungal taxa collected from 
Mt. Makiling Forest Reserve in August 2017 (Table 1). Of 
these, 20 taxa belong to Basidiomycota and only one 
belongs to Ascomycota. Furthermore, the samples were 
classified under 10 families and 17 genera. There were 15 
samples identified up to species level, and 6 samples were 
identified only at the genus level. Polyporaceae with 5 
species had the highest distribution in terms of species 
occurrence (24%), followed by Stereaceae with 3 species 

(14%), Agaricaceae, Fomitopsidaceae, Ganodermataceae, 
and Russulaceae each with 2 species (10%), and 
Sarcoscyphaceae, Bondarzewiaceae, Cantharellaceae, and 
Dacrymycetaceae each with only one species (5%). 
Panaeolus papilionaceus has not been assigned officially 
under a family, hence the term incertae sedis. The collected 
macrofungi are listed in Table 1 together with their 
morphological and ecological descriptions.  

Moreover, our checklist also includes six (6) species of 
medicinal value – Ganoderma lucidum, Ganoderma 
sinense, Trametes pubescens, Trametes versicolor, Stereum 
hirsutum, and Stereum ostrea. Notably, Ganoderma 
lucidum has been recorded to contain antitumor 
polysaccharides such as (1➝3)-ß-glucan (Han et al. 1995) 
and proteoglycan (Baek et al. 2002) while Trametes 
versicolor shows cytotoxic activity in restricting the 
proliferation of cancer cells in case of leukaemia and breast 
cancer due to polysaccharide-protein compounds (Lau et al. 
2004). Some edible species are also found with no 
poisonous species noted.  

The species diversity and distribution of macrofungi in 
this study may have been affected by some factors. One is 
the prevailing meteorological parameters. The study area 
exhibits type I climate which is characterized to have two 
marked distinct seasons - dry and wet. Our team and that of 
de Castro’s  (De Castro and Dulay 2015) both surveyed in 
August (2013 and 2017) due to favorable growth 
conditions for the mushrooms. Mt. Makiling rains are 
usually frequent between June to September which is 
accompanied by the abundant collection of macroscopic 
fungi during field sampling. Heavy rains are known to 
cause mushrooms to grow and decompose its substrates 
quickly. Recent studies have provided evidence of 
climate-induced elevational shifts in fungal productivity 
and diversity (Parmesan and Yohe, 2003; Walther, 2010). 
Forest fungi have been known to colonize new areas 
faster than tree or shrub species (Bebber et al. 2013; 
Bebber et al. 2014) and hence can be used as proxies to 
monitor early climate change impacts on forest 
communities (Alday et al. 2017). 

Another factor for the macrofungal diversity is the 
presence of diversity of vascular plants in the region  
(Schmit and Mueller 2007). Rare occurrence of other 
mushroom families may be caused by biological barriers 
such as restricted reproductive strategies that can be caused 
by substrate, nutrient, or atmospheric limitations.  Mt. 
Makiling Forest Reserve is home to 225 families, 949 
genera, and 2,038 species, 19 sub-species, 167 varieties, 
and many cultivars of flowering plants and ferns  (Pancho 
1983). Macrofungi are suitably occurring in varying 
habitats with the pronounced climate and presence of 
lignocellulosic agricultural wastes found in the forest. It 
must be noted that there was also a recent study by De 
Castro and Dulay (2015) documenting macrofungi in a 
multistorey agroforestry system of Mt. Makiling which is 
located opposite side of the mountain with reference to the 
sampling site of this study. Interestingly, records show 
distinct mushroom floral patterns in opposite areas of Mt. 
Makiling. For instance, Russula virescens has been  
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Table 1. Checklist of the 21 taxa (species or genus level) of macrofungi identified from the roadsides of Makiling Botanic Gardens of the Mt. Makiling Forest Reserve, the Philippines and their 
morphological and ecological descriptions 
 
 

Family Species (or genus level) Cap 
Cap diameter 
(mm) 

Gills Spore color Ecology Habitat/Substrate Edibility 

A
sc

om
yc

ot
a 

Sarcoscyphaceae Cookeina speciosa infundibuliform 11 smooth unidentified saprotrophic decaying woods edible 

B
as

id
io

m
yc

ot
a 

Agaricaceae Coprinus sp. conical 63 free black saprotrophic decaying leaves edible 
 Lepiota cristata umbonate 12 crowded deep red to 

reddish brown 
saprotrophic decaying leaves inedible 

Bondarzewiaceae Heterobasidion annosum offset 26 lacking unidentified parasitic decaying woods inedible 
Cantharellaceae Cantharellus sp. infundibuliform 74-82 decurrent white cream saprotrophic deciduous or mixed 

forest 
edible 

Dacrymycetaceae Dacryopinax spathularia coral like 8 lacking white saprotrophic decaying woods inedible 

Fomitopsidaceae Daedalea sp. offset 33 teeth like white saprotrophic decaying woods inedible 
 Fomitopsis sp. offset 42 lacking white saprotrophic decaying woods inedible 

Ganodermataceae Ganoderma lucidum offset 42 (primordia) lacking  brown saprotrophic decaying woods edible, medicinal 
 Ganoderma sinense offset 18 lacking brown saprotrophic decaying woods inedible, medicinal 

Polyporaceae Hexagonia sp. crustose 37 lacking white saprotrophic decaying woods inedible 
 Polystictus sp. flat 56 lacking white saprotrophic, 

parasitic 
decaying woods  inedible 

 Lentinus tigrinus infundibuliform 17 decurrent white saprotrophic decaying woods, 
dried leaves 

edible 

 Trametes pubescens offset 32 lacking white saprotrophic decaying woods inedible, medicinal 
 Trametes versicolor offset 42 lacking white saprotrophic decaying woods edible, medicinal 

Russulaceae Lactifluus piperatus infundibuliform 23 crowded white saprotrophic, 
mycorrhizal 

decaying leaves semi-edible 

 Russula virescens flat to convex 23 adnate white mycorrhizal deciduous or mixed 
forest 

edible 
 

Stereaceae Stereum ostrea  offset 19 lacking white yellowish to 
brownish 

saprotrophic decaying woods inedible, medicinal 

 Stereum hirsutum offset 16 lacking white saprotrophic decaying woods inedible, medicinal 
 Stereum sp.  infundibuliform 24 decurrent unidentified saprotrophic decaying woods inedible 
incertae sedis Panaeolus papilionaceus campanulate 9 adnate black saprotrophic decaying leaves edible 
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Table 2. Macrofungi found in different areas or habitats in Mt. Makiling Forest Reserve, Philippines 
 
Roadside samples in MBG 
 (This study 2018) 

Multistorey Agroforestry Systems 
 (De Castro & Dulay 2015) 

Associated with Decaying Dipterocarps 
 (Tadiosa et al. 2012; Tadiosa & Militante 
2006) 

Mt. Makiling (representative samples with majority collected from 
the foot of the mountain) (Quimio 2001) 

Cantharellus sp. Agaricus perfuscus Auricularia auricula-judae Agaricus sylvaticus Marasmius ramealis 
Cookeina speciosa Auricularia auricula Auricularia polytricha Agaricus rhoadsii Marasmius rotula 
Coprinus sp. Auricularia polytricha Auricularia sp. Agaricus merilli Marasmius scorodinius 
Dacryopinax spathularia Boletinellus sp. Corticium sp. Agaricus perfuscus Mycena vulgaris 
Daedalea sp. Cantharellus infundibuliformis Daedalea ambigua Agaricus pocillator Mycena fibula 
Hexagonia sp. Coprinus sp. Fomes pachyphloeus Agaricus augustus Mycena alcalina 
Fomitopsis sp. Corticum sp. Fomes senex Agrocybe sp. Mycena sp. 
Ganoderma lucidum Crepidotus herbarun Fomes sp. Armillaria sp. Nematoloma fasciculare 
Ganoderma sinense Ganoderma applanatum Ganoderma applanatum Amanita hemiphaba Ompholatus (?) sp. 
Heterobasidion annosum Ganoderma lucidum Ganoderma lucidum Amanita angustilamellata Omphalina (?) sp. 
Lactifluus piperatus Geastrum triplex Ganoderma sp. Cantharellus aureus Oudemansiella canarii 
Polystictus sp. Lentinus sajor-caju Hexagonia tenuis Cantharellus infundibuliformis Panaeolus foenisecii 
Lentinus tigrinus Lentinus tigrinus Hexagonia sp. Chlorophyllum molybdites Panus rudis 
Lepiota cristata Marasmius scorodinius Hymenochaete tenuissima Clitocybe dealbata Pholiota sp. 
Panaeolus papilionaceus Oudemansiella canarii Lenzites striata Clitocybe gibba Pleurotus ostreatus 
Russula virescens Polystictus sp. Phellinus gilvus Collybia dryophila Pleurotus cystidiosus 
Stereum ostrea  Schizophyllum commune Polyporus sanguineus Collybia reinakeana Pleurotus pulmonarius 
Stereum hirsutum Stereum sp. Polyporus semilaccatus Conocybe tenera Pleurotus opuntiae 
Stereum sp.  Termitomyces clypeatus Polyporus sp. Coprinus niveus Pleurotus flabellatus 
Trametes pubescens Tremella sp. Polystictus affinis Coprinus fibrillosus Pleurotus sapidus 
Trametes versicolor  Polystictus flabelliformis Cortinarius callisteus Pleurotus ulmarius 
  Polystictus xanthopus Cortinarius sp. Pleurotus cornucopiae 
  Poria sp. Crepidotus herbarum Pluteus cervinus 
  Poria straminea Entoloma lividum Psathyrella diseeminatus 
  Schizophyllum commune Gymnopilus sp. Psilocybe sp 
  Stereum sp. Hebeloma sp. Russula emetica 
  Trametes corrugata Hygrocybe miniate Schizophyllum commune 
   Hygrophorus pratensis Stropharia rugosoannulata 
   Laccaria ochropurpurea Suillus granulatus 
   Lactarius piperatus Termitomyces clypeatus 
   Lentinus sajor-caju Termitomyces albuminosa 
   Lentinus crinipillis Termitomyces eurhizus 
   Lepiota cristata Tricholoma sp. 
   Lepiota besseyi Tricholomopsis sp. 
   Leucocoprinus luteus Volvariella volvacea 
   Marasmius foetidis  
n=21 n=20 n=27 n=71  
  
 
 



BIODIVERSITAS  ISSN: 1412-033X 
Volume 19, Number 4, July 2018 E-ISSN: 2085-4722  
Pages: 1579-1585 DOI: 10.13057/biodiv/d190451 
distinctively identified in Makiling trail roads within UPLB 
upper campus. Members from the genus Russula is found 
to be an indicator of lead (Pb) on its fruiting body (Cayir et 
al. 2009). It can be associated with public utility vehicles 
accessing the upper campus of UPLB.  

In total, eleven (11) species in this study is unique with 
reference to the records of De Castro and Dulay (2015), 
Tadiosa et al. (2012), Tadiosa and Militante (2006), and 
Quimio (2001). Table 2 presents the comparison of species 
recorded by different authors with Quimio (2001) having 
the most number of species recorded representing the first 
effort in documenting macrofungal diversity in MMFR. In 
summary, this is the first study done comparing mushroom 
across 30 years on a reserved area. As a consequence, 
information on these macrofungal flora across time serves 
as a reference for the currently existing conservation efforts 
and implementation of biodiversity-related policies in 
MMFR. 

In conclusion, a total of 21 macrofungi taxa (both genus 
and species level) belonging to 10 families and 17 genera 
had been recorded in roadside samples within the Makiling 
Botanic Gardens (MBG) vicinity at Mt. Makiling Forest 
Reserve. The study declares that Polyporaceae was found 
as the most dominant macrofungi family (24%). There 
were six (6) species that are medicinal, and no poisonous 
species noted. There are eleven (11) species in this study 
which are unique records compared with previous studies 
done in the macrofungi of MMFR. The researchers 
emphasize the need for the integration of local macrofungi 
researches into a general macroecological framework and 
in national biodiversity assessments in order to establish 
useful information to aid in harnessing the potential of 
these valued macrofungal resources. 
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Abstract. Seran YN, Sudarto, Hakim L, Arisoesilaningsih E. 2018. Sandalwood (Santalum album) growth and farming success 
strengthen its natural conservation in the Timor Island, Indonesia. Biodiversitas 19: 1586-1592. Sandalwood (Santalum album L.) is a 
unique plant of the East Nusa Tenggara (NTT) Province of Indonesia and locally known as the unity symbol woody fragrance (hau 
meni). The study aimed to compare growth quality of trees grown in plantations and forests in the districts of North Central Timor 
(TTU) and South Central Timor (TTS). Vegetation analysis was held by purposive sampling in eight sites comprising 87 plots. Plots 
sizes were 20x20 m2 for trees, 10x10 m2 for poles, and 5x5 m2 for saplings. Variables observed in each plot included density, trunk 
diameter, height, crown quality, and vitality. Data were analyzed by descriptive and multivariate statistics. The results showed that the 
growth of sandalwoods varied spatially in all study sites and was classified into five groups. Two plantations in TTS District showed 
better trees growth quality compared to those in TTU. Higher saplings and poles density were found in two sites, a plantation and a 
forest in TTU plantation, and in a forest in TTS. However higher vitality were found in two plantations, each one in TTS and TTU. 
Inferior growth was observed in Nununamat plantation. Farmers had a significant role in strengthening sandalwood conservation in two 
districts as shown by their successful farming and trees growth quality that was similar to those in the forests.  

Keywords: Forest, growth quality, NTT, plantation, sandalwood 

INTRODUCTION 

East Nusa Tenggara (Nusa Tenggara Timur, NTT), 
Indonesia is a dry climate area and rich with deciduous 
tropical plants. A prolonged dry season is a great constraint 
in the agricultural sector in NTT. Therefore, local farmers 
cultivate various drought resistant commodities, one of 
them is the endemic plant of NTT, namely sandalwood 
(Santalum album L.). Sandalwood tree grows naturally in 
the forests or cultivated by the local people for a long 
generation using traditional farming due to its high 
economic, social, and cultural values. In addition, 
sandalwood is also well known as a symbol of unity, 
producing fragrance (hau meni) and livelihood for the 
families (Tallo 2001). Since 1986 the sandalwood was 
established as the mascot of NTT (Suripto 1992). The 
sandalwood highly contributed to the Local Government 
Revenue (Pendapatan Asli Daerah, PAD) of NTT per year, 
so the government determined sandalwood as one of the 
main commodities to support the NTT local revenue. 
Therefore according to the Forestry Regional Office of 
NTT, from 1986 to 1998, sandalwood had played an 
important role as the primary PAD source of NTT, reached 
28.20% to 47.60% of the revenue. Meanwhile, the 
contribution of sandalwood for the PAD of the South 
Central Timor (TTS) and North Central Timor (TTU) 
Districts was around 50% per year (Banoet 2001). This 
contribution was possible due to a high density of 
sandalwood in East Nusa Tenggara, Indonesia.  

According to Widyatmika (2000), in the past, 
sandalwood in NTT naturally grew in the forests, and its 
distribution was largely found in Timor, Alor, Sumba, 
Solor, Lembata and Flores Islands. However, in 1987 its 
natural distribution significantly reduced, then 
sandalwood population in the forest and field was only 
found in Timor and Sumba Islands. In 1997, the 
sandalwood population continued being decreased and 
remained in only four districts in Timor Island, namely 
TTU, TTS, Belu, and Kupang.  

TTU has a total area of 266,970 hectares, among which 
40.18% was the habitat of sandalwood. Data from 2006 
revealed that the natural population of sandalwood in TTU 
was 33,678 trees, a reduction of 98.82% compared to that 
from 1997 (Forestry Office of TTU 2007). Meanwhile, the 
population of sandalwood in TTS based on inventory 
conducted in 2010 was 1,426 trees or reduced by 79.03% 
compared with those conducted in 1997 of 112,710 trees 
(Forestry Office of TTS 2010). These population 
reductions due to overexploitation caused sandalwood 
status to become rarer in the local, national, and even 
regional markets (Butarbutar 2008). The production of 
sandalwood in NTT, especially in Timor Island, had not 
met the demand for the timber, and now the trees are 
extremely rare. Following the survey from 1999 to 2003, 
the harvesting of sandalwood trees in the two regions had 
been stopped, and the supply of sandalwood in the market 
had been provided from other regions. The main reason for 
the rarity and low regeneration of sandalwood were 
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exploitation activities that exceeded the tree reproduction 
capacity, the high annual logging rate of the tree, forests 
degradation, conversion of sandalwood forests into 
agricultural and residential areas, and forest fires. These 
problems occurred not only in Timor Island but also in 
regional and worldwide levels. This significant reduction in 
sandalwood population changed the world conservation 
status of the plant from "not threatened" (Walter and Gillet 
1998) into "vulnerable" (IUCN 2016). 

Recovery efforts have been conducted by the local 
government to conserve the sandalwood species, among 
them is the NTT Province Regulation Number 2, Year 
1999 on the conceding of sandalwood ownership to the 
district government and farmers; the TTS Regional 
Regulation Number 25 Year 2001, and the TTU Regional 
Regulation Number 2 Year 2004 on sandalwood (Raharjo 
2013). These policies favor the local people because they 
guarantee the ownership of sandalwood trees cultivated as 
the belonging of the farmer. The provision of incentives 
and sandalwood seedlings to the local people has promoted 
their interest to re-cultivate sandalwood in the plantations 
and home gardens. More farmers actively cultivate 
sandalwood in the garden, sustaining the species 
conservation effort and supporting the economic growth.  

The success of sandalwood planting is determined by 
many factors such as the plant survival success; life cycle 
completion (vitality); density, diameter, canopy quality, 
height, and branchless trunk height of the tree. Besides, the 
economic value of sandalwood depends on their hearth 
wood growth. Therefore, the growth quality analysis using 
trunk diameter is an important tool for the evaluation of 
sandalwood growth. The growth of trunk diameter and 
height will be more significant in open areas compared to 
that in covered ones. Riswan (2001) stated that after 
growing 20 to 30 years old, sandalwood tree height can 
reach 12 to 15 m, with a trunk diameter of around 20 to 35 
cm. Tree diameter increases if the net photosynthesis 
output exceeds the energy needed for respiration, 
reproductive activities, leaf change, and root and trunk 
height growth (Husch et al. 2003; Charles 2011). 
Unfortunately, the growth of sandalwood in plantation and 
forest has not been reported yet.  

The availability of data regarding the growth quality of 
sandalwood trees grown in both forests and plantations by 
local people in TTS and TTU becomes very important after 
15 years’ implementation of the new provincial policies. 
This study aimed to evaluate the growth quality of 
sandalwoods in the plantations and compare it to that in the 
forests in TTS and TTU districts. The farming success of 
sandalwood in plantations in comparison to those in its 
natural habitat, will not only strengthen the availability of 
mother trees and seedling sources but also increase the 
favorable growth habitat for sandalwood conservation 
effort, as well as support the master plan for sandalwood 
conservation in the Province of East Nusa Tenggara (NTT), 
Indonesia. 

MATERIALS AND METHODS 

Study area  
This study was conducted in Timor Tengah Selatan 

(TTS) and Timor Tengah Utara (TTU) Districts, Province 
of East Nusa Tenggara (NTT), Indonesia. The study sites 
were in forests and plantations. Naturally, sandalwoods 
grow symbiotically with wild plants of Timor Island such 
as Acacia auriculiformis A.Cunn ex Benth, Acacia 
leucophloea (Roxb.) Willd, Tamarindus indica L., 
Eucalyptus alba Rein.ex Blume., Timonius amboinicus 
Boerl, Alstonia scholaris (L.) R.Br, Pittosporum timorence 
Blume, Lantana camara L., Pterocarpus indicus Willd, 
and Zizyphus timorensis DC. The determination of 
observation and sampling sites was based on the base map 
of sandalwood distribution (Figure 1), as well as the initial 
survey, and consideration of the location’s accessibility.  

The study location in TTS consisted of five observation 
stations: two stations in the forest, namely the forest of 
Tetaf (SFTe) (868,8 m asl., 9˚50′ 26.3″S-124˚25′ 41.3″E, 
hilly topography, slope 20%), and the forest of Karang Siri 
(SFKs) (962,8 m asl., 9˚49′ 38.9″S-124˚15′ 46.4″E, 
undulating topography, slope 30%); and three stations in 
the plantation of Binaus (SPBi) (972,7 m asl., 9˚47′ 10.9″S-
124˚16′ 51.6″E, hilly topography, slope 20%), Oelbubuk 
(SPOe) (1038 m asl., 9˚46′ 01.3″S-124˚16′ 34.7″E, steep 
topography, slope 40%), and Nununamat (SPNu) (727,9 m 
asl., 9˚59′ 04.3″S-124˚30′ 35.6″E, very steep topography, 
slope 60%). The study location in North Central Timor 
(TTU) consisted of three observation stations: one station 
in the plantation of Upfaon (UPUp) (398,3 m asl., 9˚22′ 
55.7″S-124˚40′ 45.6″E, hilly topography, slope 20%); and 
two stations in the forests, namely the forest of Banamlaat 
(UFBa) (383,8 m asl., 9˚30′ 38.5″S-124˚31′ 53.1″E, plain 
topography, slope 15%) and Oinbit (UFOi) (534,8 m asl., 
9˚26′ 34.2″S-124˚43′ 07.9″E, undulating topography, slope 
30%). The average temperature in the study site 11-35C, 
humidity 65-90% and soil pH 6.3-8.07. The study was 
conducted from September 2015 to June 2016. 

Procedures 
Data collection for the growth quality of sandalwood 

trees in both the forests and plantations in TTS and TTU 
used a vegetation analysis method of purposive nested 
sampling approach. The samplings were done at 8 stations 
using 87 square-shaped observation plots of 20x20 m2 for 
trees, 10x10 m2 for poles, and 5x5 m2 for saplings (Figure 
2). The sampling was done based on the combination of 
various treatments of population, slope, and temperature. 
Variables observed in each plot included sandalwood 
density, trunk diameter, tree height, canopy quality, and 
vitality. Data collection was done by recording the 
number of individuals per plot for each growth stadium, 
such as the plant height, saplings height, trunk diameter, 
branch-free trunk height, density, and vitality. The 
sandalwood growth stadia were classified as follows: (i) 
trees including plants with a height of over 10 m, and  
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Figure 1. A. Map of the study area in Timor Tengah Selatan (TTS) and Timor Tengah Utara (TTU) Districts, Province of East Nusa 
Tenggara (NTT), Indonesia; B. Sandalwood Forest; C. Sandalwood Mixed-Plantation. Dashed lines indicate of sandalwood plant 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Nested plots. Note: T: Trees: 20 x 20 m2 plot, P: Poles: 
10 x 10 m2 plot, Sp: Saplings: 5 x 5 m2 plot, Sd: Seedlings: 2 x2 
m2 plot. Circle patches represent for sampling of sandalwood plant 
 
 
trunk diameter >20 cm; (ii) poles or small trees stage 
including plants with a height of 5-10 m, and trunk 
diameter of 10-19 cm; (iii) saplings or younger growth 
stage comprising plant with 1.5-5 m in height, and less 
than 10 cm in trunk diameter; and (iv) seedlings 
consisting of germinated seedlings up to ones with a 
height of 1.5 m (Rohadi 2002; Michael and Bashir 2011; 
Subasinghe 2014). The sandalwood tree canopy was 
classified according to Daubenmire cover classes standard: 
Class 1 (0-5% canopy cover), class 2 (5-25% cover), class 
3 (25-50% cover), class 4 (50-75% cover), class 5 (75-95% 
cover), class 6 (95-100% cover). Finally, the vitality of the 
sandalwood trees was scored and classified as follows: 

Score 1, the highest vitality in which all plant stages, 
seedlings, saplings, poles, trees are present and complete 
life cycle; score 2, a high vitality, in which the plant life 
cycle is complete but irregular; score 3, a medium vitality 
in which the life cycle is rarely complete, trees, poles, and 
saplings are present but seedlings are absent; score 4, a low 
vitality, in which the life cycle is sometimes complete but 
only comprises some sprouts and rarely survive (Nuhamara 
et al. 2001).  

Data analysis 
Data analysis was conducted using descriptive 

qualitative and multivariate statistics with Biplot and 
Cluster using Euclidean distance of PAST 3.0 to compare 
the variation and similarity among the growth parameters 
of sandalwood trees The parameters included the canopy 
cover, trunk diameter, DBH, height, and vitality of parent 
trees as a whole according to the spatial variation among 
locations and variation in forests and plantations of every 
growth strata (Glaser 2010). 

RESULTS AND DISCUSSION 

Crown quality variation of sandalwood trees and poles  
The result of this study indicated that crown qualities of 

sandalwoods in all study sites were highly varied both in 
the plantation and forests (Figure 3.A). Sandalwoods 
growing naturally in the forests or cultivated in the 
plantations in TTS showed slightly higher crown quality 
and homogenous crown variation compared with those in 
TTU. Viewing the difference in crown quality value of 
sandalwood at the study site, it was at level 3 of the crown 
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quality (25-50%). It means that growth quality of 
sandalwood canopy cultivated in the plantation was similar 
with one grown in the forest. This result indicated that 
farmers in the two districts had successfully cultivated 
sandalwoods using agroforestry system. The sandalwood 
crown size would highly affect the photosynthetic and 
respiration rate of the tree. Tree with a large crown cover 
had a larger capability in photosynthesis; thus it would 
produce more carbohydrate for synthesizing and 
maintaining tree’s biomass (Sitompul 2002). The crown 
quality of the sandalwood poles was relatively similar to 
one another among the study sites (Figure 3.B), ranging 
from 25% to 50% (level 3). The crown quality of the poles 
in the forests was also similar to those grown in the 
plantations in both TTS and TTU. Sandalwoods cultivated 
in plantations generally showed a lower shading level; thus, 
this caused the higher biomass accumulation compared to 
trees grown in forests where the shading level was higher. 
Anderson and Belanger (1987) suggested that a significant 
improvement in crown quality would affect sandalwood's 
growth quality.  

Trunk diameter variation of sandalwood of trees, poles, 
and saplings in forest and plantation 

The result of this study showed that trunk diameters 
of sandalwoods slightly varied among the study sites 
(Figure 4.A). Sandalwoods grown in the plantations in 
TTU and TTS showed larger trunk diameters than those 
found in the forests. Sandalwood trees in the forests in 
TTU and TTS had similar trunk diameters to one 

another. (Figure 4.B showed) that trunk diameters of 
sandalwood poles were similar among all the study sites, 
both in the forests and plantations.  

Trunk diameters of sandalwood saplings in all the 
locations in TTU and TTS districts were similar to one 
another (Figure 4.C). Overall, growth variations in trunk 
diameter as shown in Figure 4.A-C indicated that 
cultivated sandalwoods in the plantations showed similar 
diameters compared with those found in the forests. Our 
present study also concluded that farmers in both TTS 
and TTU districts have succeeded in cultivating 
sandalwood in the plantations by implementing 
agroforestry system in locations with different 
characteristics. Although Anderson and Belanger (1987) 
reported that there was a correlation between a tree's 
crown quality and its trunk diameter, in which the higher 
the crown cover, the higher the increase in trunk 
diameters, our study revealed a weak correlation 
between both variables.  

Varied sandalwood trunk diameters of all the study 
sites indicate that techniques used by sandalwood 
farmers in both districts are selective in choosing good 
seeds, qualified parent trees; effective in maintaining the 
seedlings as well as managing the pests and diseases. 
These practices positively contribute to the sandalwood's 
trunk diameter. Previous studies suggest that diameter 
growth will increase if the need for photosynthesis 
product for respiration, leaf change, root growth and 
plant height is in a stable condition (Husch et al. 2003; 
Charles 2011; Sumardi et al. 2014). 
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Figure 3. Canopy density of sandalwood (a) trees, and (b) poles. Note: Up = Upfaon, Oe = Oelbubuk, Bi = Binaus, Nu = Nununamat, 
Ba = Banamlaat, Oi = Oinbit, Te = Tetaf, Ks = Karang Siri stations 
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Figure 4. Mean trunk diameter of sandalwood (A) trees, (B) poles, and (C) saplings. Note: Up: Upfaon, Oe: Oelbubuk, Bi: Binaus, Nu: 
Nununamat, Ba: Banamlaat, Oi: Oinbit, Te: Tetaf, Ks: Karang Siri stations 
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Figure 5. Mean height of sandalwood (A) trees, (B) poles, and (C) saplings. Note: Up = Upfaon, Oe = Oelbubuk, Bi = Binaus, Nu = 
Nununamat, Ba = Banamlaat, Oi = Oinbit, Te = Tetaf, Ks = Karang Siri stations 
 
 
 
 

 
 

 
 
Figure 6. Sandalwood vitality in all study sites. Note: Up: 
Upfaon, Oe: Oelbubuk, Bi: Binaus, Nu: Nununamat, Ba: 
Banamlaat, Oi: Oinbit, Te: Tetaf, Ks: Karang Siri stations 
 
 
Height variation of sandalwood of trees, poles, and 
saplings in forest and plantation 

Heights of sandalwood trees were highly varied 
among study sites (Figure 5). Same sandalwood trees 
grown in the forests were taller than those in the 
plantations of both districts. Interestingly, sandalwoods 
in TTU District were higher than that in TTS. Heights of 
sandalwood poles and saplings found in the forests and 
plantations were similar to each other. Figure 5.A-C, 
showed that plant height variation was more affected by 
the plant age and plantation condition. Kurniawan (2012) 
showed that densely shading increased sandalwood trees 
and poles height, but a moderately or lightly shading 
inhibited saplings and seedlings tall. Although 
sandalwood trees and poles were spatially varied in 
sandalwood heights among the study sites, but sapling 
ones were almost equal. This variation increased with 
age. This finding supports Riswan report (2001) that 
after 20-30 years old, sandalwood trees could reach a 
height of 12-15 m and trunk diameter of 20-35 cm. 
Observation and deep interview with farmers in the 
study site also suggested that most sandalwoods grown 
in the plantations were 10-20 years old. Moreover, Orwa 
et al. (2009) showed that sandalwood trees in Timor 
Island were higher than those in Australia but still lower 
than those in India. 

Vitality of sandalwood in forest and plantation 
Sandalwoods in the forests and plantations showed a 

slight vitality variation other (Figure 6). Generally, the 
vitality scores of sandalwoods ranged from level 2 to 
level 3 indicating that the life cycle (trees, poles, 
saplings, and or seedlings) were often complete but 
irregular. This vitality also indicated the fertility and or 
survival rate of a plant in its life cycle as a response 
toward environment (Doberrtin 2005). A study by 
Ramya (2010) suggests that depletion of sandalwood life 
cycle can be attributed to several factors, both natural 
and anthropogenic. The limiting factor to low vitality an 
natural regeneration of sandalwoods in forests included 
the annual fires, illegal logging, long dry season, and 
seedlings pest and disease attacks. These factors 
decreased regeneration and vitality in the forest areas 
and reduced the seed stock. 

Principal Component Analysis of sandalwood growth 
qualities using Biplot and Cluster 

Principal Component Analysis (PCA) showed two 
principal components of sandalwood growth quality. 
The first principal component had Eigenvalue 3.8 and 
variance value 52.60%. The second principal component 
had Eigenvalue 2.569 with a variance value of 36.71%. 
Therefore, the cumulative contribution of growth quality 
variables in the plantations and forests toward the 
formation of two principal components were 89.30%. 
Based on the relationship value between the seven 
growth quality variables, we obtained the first principal 
component comprising the trees crown quality (Tcrown), 
vitality (vitality), trees diameter (Tdia), and poles 
diameter (Pdia). The second principal component 
comprising the poles density (PD), saplings diameter 
(Sdia) and saplings density (SD).  
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Figure 7. Biplot diagram of growth quality variation of 
sandalwood plant. Note: SPNu: Soe Plantation Nununamat, 
UFOi: Kefa Forest Oinbit, UPUp: Kefa Plantation Upfaon, SFTe: 
Soe Forest Tetaf, SPOe: Soe Plantation Oelbubuk, SPBi: Soe 
Plantation Binaus, UFBa: Kefa Forest Banamlaat, SFKs: Soe 
Forest Karang Siri stations 

 
 

 

  
Figure 8. Grouping of observation stations based on common 
growth quality of sandalwood by using Euclidean distance index. 
SPNu: Soe Plantation Nununamat, UFOi: Kefa Forest Oinbit, 
UPUp: Kefa Plantation Upfaon, SFTe: Soe Forest Tetaf, SPOe: 
Soe Plantation Oelbubuk, SPBi: Soe Plantation Binaus, UFBa: 
Kefa Forest Banamlaat, SFKs: Soe Forest Karang Siri stations 

 
 
 
Biplot analysis (Figure 7) showed that the sandalwood 

growth was spatially varied in all study sites. Best 
sandalwood growth was found in a TTS plantation namely 
station SPBi (Group I), and followed by SPOe (Group II). 
High-density poles and saplings were found in the 
plantations and forests of TTU District and the forest of 
TTS District (Group III). Sandalwoods in the plantations 
showed a better vitality compared with those in the forest 
(Group IV). Lowest sandalwood growth quality was found 
in Nununamat of TTS District (Group V). Therefore, it 
revealed that sandalwoods farmers in TTU and TTS 

districts had successfully cultivated sandalwood in 
plantations as shown by the similar growth quality of the 
tree population to those found in the forests. The grouping 
of sandalwood growth quality was also held based on the 
cluster analysis by using Euclidean distance (Figure 8). The 
cluster analysis revealed that five groups with similarity 
value over 40. Group I consists of observation station SPBi 
(Soe Plantation Binaus); Group II consists of observation 
station SPOe (Soe Plantation Oelbubuk); Group III 
comprises observation station UPUp (Kefa Plantation 
Upfaon), UFOi (Kefa Forest Oinbit), and SFTe (Soe Forest 
Tetaf); Group IV consists of observation station SFKS (Soe 
Forest Karang Siri) and UFBa (Kefa Forest Banamlaat); 
and Group V includes observation station SPNu (Soe 
Plantation Nununamat). 

In conclusion, the growth quality of sandalwood trees in 
TTU and TTS were spatially varied in all study sites. Trees 
growth quality of two plantations in TTS District (Binaus 
and Oelbubuk) was better than to those in TTU. Moreover, 
higher saplings and poles density were found in two sites of 
TTU plantation and forest or a TTS forest. However higher 
vitality was found in plantation of TTS or TTU. The 
inferior growth was observed in Nununamat plantation. It 
revealed that farmer in two districts successfully cultivated 
sandalwood in plantation shown by similar growth quality 
with those of forest trees. 
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Abstract. Sutarno, Kurnianingrum N, Herawati E, Setyawan AD. 2018. Interspecies and intraspecies genetic diversity of Ongole Grade 
cattle and Madura cattle based on microsatellite DNA markers. Biodiversitas 19: 1593-1600. DNA microsatellite has been extensively 
employed for estimating the degree of kinship between genotypes and improving the quality of cattle products. Microsatellite markers 
are short-patterned DNA sequences and repeated tandem (sequentially) with 2-5 nucleotide units scattering the entire genome. The 
purpose of this study was to investigate the genetic characteristics of inter and intraspecies of Ongole Grade cattle and Madura cattle 
using microsatellite DNA markers. Blood samples from 20 individuals of each species were extracted by the method referring to Wizard 
Genomic DNA Purification Kit (Promega, USA) and PCR amplification was performed using 5 microsatellite loci, i.e., BM1824, 
ETH225, INRA005, MM12, and TGLA227. Results of the genetic characteristics of both species were calculated using the POPGENE 
program version 1.31. The data suggest that there is a genetic diversity of inter and intraspecies of Ongole Grade cattle and Madura 
cattle. The average value of Shannon's Information Index (I) at all microsatellite loci for Ongole Grade cattle was 0.76 and for Madura 
cattle was 1.12. Meanwhile, the average interspecies I value was 1.03. The mean intraspecies Polymorphic Information Content (PIC) of 
Ongole Grade and Madura cattle was 0.43, and 0.63, respectively, and the mean interspecies PIC value was 0.57. The data altogether 
suggest that all loci meet the standards as being informative markers in the assessment of genetic population because it has a PIC value> 
0.5 especially for intraspecies of Madura cattle. 

Keywords: Ongole Grade cattle, Madura cattle, genetic diversity, DNA microsatellite 

INTRODUCTION 

Livestock such as cattle continues to make significant 
contributions to global food supply due to the high-value 
protein that the cattle products offer. The type of beef cattle 
available in Indonesia today are indigenous and imported 
breeds. The Indonesian native beef cattle have distinctive 
properties, both in their morphological (body size, coat 
color) or genetic (growth rate) features. Beef cattle that are 
raised in Indonesia for meat production include Bali, 
Ongole, Ongole Grade (in Indonesian called Sapi 
Peranakan Ongole), Madura, and Aceh (Sutarno and 
Setyawan 2015, 2016).  

Genetic diversity is regarded as the basis of 
crossbreeding for livestock (Buis et al. 1994). Information 
on the genetic diversity may serve as a starting point for 
artificial selection in an attempt to increase the quality and 
quantity of breed. Knowledge of the pattern of genetic 
variability from each breed will help the development of 
crossbreeding programs and serve as a basis for the 
conservation of genetic resources. Thus, information on the 
genetic diversity and genetic kinship are critical to 
obtaining superior cattle breed. 

Genetic diversity in cattle, as well as in other livestock 
has declined very rapidly (Hall dan Bradley 1995; 
Hammond dan Leitch 1995). The selection of a particular 
breed for consideration of economic benefits, e.g., for 

production, becomes the primary factor that potentially 
reduced its genetic diversity (Sutarno et al. 2002). 
Currently, breeders compete to crossbreed many cattle in 
Indonesia in the hope of getting the best quality of cattle 
product. The conventional breeding technique based on 
phenotypic selection has no longer perceived as an 
effective nor optimum method. Therefore, a more 
sophisticated approach based on genetic data is 
indispensable. 

Recent technological advance such as Restriction 
Fragment Length Polymorphism (RFLP), Amplified 
Fragment Length Polymorphism (AFLP), Radom 
Amplified Polymorphic DNA (RAPD), and microsatellite 
have reached DNA polymorphism testing for genetic 
mapping, markers for breeding, and exploration of genetic 
relationships (Powell et al. 1996). Microsatellite markers 
share similar properties with RFLP markers; it is a simple 
motif of a sequence of nitrogen bases found on the 
chromosome of an organism. This sequence is repeated as a 
unique motif. Researchers have mapped such sequences; 
thus, microsatellite markers can detect a segregated 
population as accurately as RFLP (Panaud et al. 1995; 
McCouch et al. 1997). Besides, microsatellite markers can 
distinguish up to one base pair difference so that the use of 
microsatellite markers will greatly assist in accurate 
genome analysis. Especially for the study of the linkage 
between individuals differentiated only by one base pair, 
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microsatellite markers provide a higher level of confidence 
than other known markers (Cooper and Krawczak 1993). 

Population and genetic links studies using microsatellite 
markers are often done with the assumption that the 
polymorphism of each locus is high and complex, with 
higher polymorphism when the replication unit is more 
than 10 fold (Weber 1990). The difference in the length of 
the microsatellite allele at the locus is usually due to the 
variation in the number of replicates, and the nucleotide 
pairing mismatches in the event of replication is considered 
the main mechanism causing the length of the allele 
variation, even the emergence of new alleles (Travis at al. 
1996). Variations in microsatellite loci can be tested by 
Polymerase Chain Reaction (PCR) method using a 
complementary primer with a sequence of repeating 
nucleotide sequencing unit, followed by electrophoresis of 
the PCR product (Tauzt 1993). The data of allele frequency 
on microsatellites can be used for the study of genetic 
relationships within species as well as between populations 
with relatively close relationship (Takezaki and Nei 1996). 
The use of microsatellite markers is relatively easy because 
PCR method allows amplification on the entire 
chromosome. Accordingly, the chances of getting a marker 
that corresponds to a character are higher. Utilization of 
microsatellite-based linkage maps in the generation of new 
varieties can also save time, cost, and laboratory effort 
(Akagi et al. 1996) 

In Indonesia, value and need for the characterization 
and conservation of different livestock genetic resources 
have been well realized. The current study aimed to assess 
the genetic diversity of Ongole Grade and Madura cattle in 
Java using microsatellite DNA markers. The results of this 
study may serve as basic information in breeding programs 
to improve livestock productivity, primarily because 
Ongole Grade and Madura cattle are commonly traded as 
beef cattle. 

MATERIALS AND METHODS 

Blood sampling and DNA isolation 
Blood samples of Ongole Grade and Madura cattle 

were obtained from Wonogiri District, Central Java, 
Indonesia and Sampang District, Madura, East Java, 
Indonesia respectively. The blood samples were collected 
by venal puncture from jugular veins, using 10 mL of 
venoject containing 2.5 mL of 200 mM EDTA as an 
anticoagulant.  

Genomic DNA was isolated from 20 blood samples 
from each species using Wizard Genomic DNA 
Purification Kit (Promega, USA) as per manufacturer 
instruction. Briefly, 450 µL Cell Lysis Solution was added 
into 300 µL total blood, mixed thoroughly by inverting the 
tube 5-6 times, then incubate for 10 minutes at room 
temperature (invert 2-3 times once during the incubation) 
to lyse the red blood cells. The mixture was then 
centrifuged at 14,000×g for 20 seconds at room 
temperature to obtain pellet containing white blood cells. 
Supernatant was removed and discarded, followed by 
vortexing the tube for 3-5 minutes to separate clumps of 

white blood cells. Nuclei Lysis Solution (150 µL) was 
added to the tube containing the resuspended cells and 
mixed well by pipetting the solution 5-6 times to lyse the 
white blood cells. RNase Solution (1.5 µL) was mixed with 
the nuclear lysate, and incubated at 37°C for 15 minutes, 
and then cool to room temperature. Protein Precipitation 
Solution (60 µL) was added to the nuclear lysate, vortex 
vigorously for 10-20 seconds, then centrifuged at 14,000×g 
for 3 minutes at room temperature. At this step, a dark 
brown protein pellet should be visible. The supernatant was 
transferred to a clean 1.5 mL microcentrifuge tube 
containing 150 µL of room-temperature isopropanol. The 
solution was gently mixed by inversion until the white 
thread-like strands of DNA form a visible mass. DNA was 
centrifuged at 14,000×g for 1 minute at room temperature. 
The DNA will be visible as a small white pellet. 
Supernatant was removed by decantation, added with one 
sample volume (300 µL) of room-temperature 70% ethanol 
to the DNA. The tube was inverted gently several times to 
wash the DNA pellet and the sides of the microcentrifuge 
tube, followed by centrifuge again at 14,000×g for 1 
minute at room temperature. After removing the ethanol, 
the tube was inverted on clean absorbent paper to let the 
pellet air-dry, then the DNA was resuspended in 
Rehydration Solution (100 µL).  

Determining DNA concentration and purity 
Determination of DNA concentration and purity is very 

crucial to obtain best result of DNA amplification by PCR. 
DNA concentration was measured on spectrophotometer at 
wavelength 260 nm with distilled water as a blank 
(Boesenberg-Smith et al. 2012). Because DNA absorbs 
light most strongly at 260 nm, the absorbance value at this 
wavelength (A260) can be used to estimate the double 
stranded DNA concentration using the equation below. 
DNA sample purity was estimated by calculating the ratio 
at 260 nm and 280 nm. 

 
DNA concentration (µg/mL) = A260 x dilution factor x 50 µg/mL 
  1.0 
Where:  
A260: DNA absorbance at wavelength 260 nm 
 

Primers and DNA amplification by PCR  
A total of 5 microsatellite labelled primers (SIGMA), 

were used in the PCR process (primers sequence, range of 
PCR product size, and annealing temperature are shown in 
Table 1). The PCR reagent composition is as follows: Go 
Tag Green Master Mix 2X (Promega, USA) (12 μL), 
forward and reverse primers (200 ng/μL), DNA samples (5-
30 ng/μL), and nuclease free-water meshed up to 25 μL per 
reaction. The program in the PCR machine (Gene 
Amplification PCR System 9700 Thermocycler, Applied 
Biosystem) was set as follows: 95°C; 5 min (1 cycle), 30 
cycles consisting of three stages: i) 95°C; 90 s, ii) 55°C to 
60°C; 90 s depends on the primers (55°C for BM1824, 
59°C for ETH225, 60°C for TGLA227, 55°C for 
INRA005, and 55°C for MM12), and iii) 72°C; 30 s, 
followed by 1 cycle at 72°C; 5 min.  
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Table 1. Sequence of 5 microsatellite loci used in this study  
 

Locus Primers sequence 
Chrom. 
number 

Size range (base pairs)  Annealing temp. (C) 

BM 1824 F: 5’- GAG CAA GGT GTT TTT CCA ATC -3’ R: 3’-
CAT TCT CCA ACT GCT TCC TTG -5’ 

1 180-192 
Bishop et al. (1994) 

58 
Bishop et al. (1994) 

ETH 225 F: 5’- GAT CAC CTT GCC ACT ATT TCC T -3’ R:
3’- ACA TGA CAG CCA GCT GCT ACT -5’ 

29 141-159 
Bishop et al. (1994) 

58 
Bishop et al. (1994) 

INRA 005 F: 5’- CAA TCT GCA TGA AGT ATA AAT AT -3’ 
R: 3’- CTT CAG GCA TAC CCT ACA CC -5’ 

29 240-246 
Vaiman et al. (1992) 

58 
Vaiman et al. (1992) 

TGLA 227 F: 5’- CCC TCC TCC AGG TAA ATC AGC -3' 
R: 3'- AAT CAC ATG GAA ATA AGT ACA TAC -5' 

21 64-115 
Georges and Massey (1992) 

60-48 
Crawford et al. (1995) 

MM 12 F: 5’- CAA GAC AGG TGT TTC AAT CT -3’ R: 3’-
ATC GAC TCT GGG GAT GAT GT -5’ 

9 107-133 
Mommens and Coppieters 
(1994) 

50 
Mommens and Coppieters 
(1994) 

Note: F= Forward Primer dan R= Reverse Primer 
 
 

 

Electrophoresis 
The PCR products were visualized by electrophoresis 

using 12% polyacrylamide gel containing 7.2 g urea, 1.5 
mL of 10X TBE buffer, 5.6 mL of 30% acrylamide: bis 
(19: 1), 75 uL 10% ammonium persulfate (APS), and 7.5 
uL N,N,N',N'-Tetramethylethylenediamine (TEMED) 
(Tegelstrom 1986). Polyacrylamide gel 12 % provide good 
separation for small DNA fragments (40-200 bp) and only 
requires small amount of sample (Allen et al. 1984). Before 
loading into the wells, the PCR products were denatured at 
95°C for two minutes, then cooled down on ice. 
Electrophoresis was performed at 125 volt/400 
milliampere, followed by ethidium bromide (EtBr) staining 
by soaking the gel into EtBr solution (1 mg/mL) for 15-30 
minutes. The DNA banding patterns were visualized on a 
UV transilluminator and documented using Gel 
Documentation System (Vilber Lourmat, France). 

Data analysis 
A heterozygous allele was confirmed when a sample 

yielded two bands, as such, a homozygous allele was 
confirmed when only one band was detected. For ease of 
scoring, the lowest band was identified as A, continued 
with B, C, D, and so on for upper band. The scoring is 
based on assumption that all bands that migrate at the same 
rate are homologs allele (Nei 1987). 

The expected heterozygosity (gene diversity) was 
calculated from individual allele frequency according to 
Nei’s equation (Nei 1987):  
 

Xi = (2nii + Σnij)/(2n) 
 
Where:  
Xi : frequency of allele -i 
nij : number of individual with genotype ij  
nii : number of individual with genotype ii 
n  : number of samples  
 
Therefore, level of heterozygosity (ĥ) can be calculated 

through the following equation:  
 
ĥ = 2n (1 - ΣXi2)/(2n - 1) 

 
Where:  
Xi : frequency of allele -i 
ĥ  : level of heterozygosity of each locus 
 
Calculation of fixation index, allele frequency, number 

of alleles, effective allele number, observed homozygosity, 
expected homozygosity, observed heterozygosity, expected 
heterozygosity, and Shannon information index are done 
with POPGENE Program Version 1.31. Botstein et al. 
(1980) described that the value of Polymorphism 
Informations Content (PIC) for microsatellite loci is 
measured by equation:  

 

 
 
Where:  
ij is the frequency of allele i and j 

RESULT AND DISCUSSION 

Intraspecies genetic diversity 
Genotype data of individuals from Ongole Grade and 

Madura cattle are presented in Table 2. All the 
microsatellite loci (TGLA227, ETH225, BM1824, 
INRA005, and MM12) showed a genotype variation except 
for the TGLA227 locus on the Ongole Grade cattle in 
which all samples were uniformly identified as AB. 
Variations of genotypes that appear in these loci indicate 
the presence of polymorphism. The highest variety was 
found at MM12 locus, with genotypes of an AD, CD, CE, 
AB, AC, and BC present in Ongole Grade cattle, whereas 
genotypes of BC, BE, AE, BD, AD, AC, and AB appears 
in Madura cattle. The TGLA227 locus in Ongole Grade 
cattle shows deficient levels of variation, where all 
individuals bearing AB. Low variation level was also found 
at ETH225 locus, in which, among the domination of 
genotype AA, only one individual showing different 
genotype (AB). Although displaying similar band pattern, 
TGLA227 locus differs from the ETH225 locus in the fact 
that the later locus is homozygous. 
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Table 2. Results of genotype of Ongole Grade and Madura cattle 
on 12% polyacrylamide gel with ethidium bromide staining. 
 

Ind. 
no. 

Ongole Grade cattle Madura cattle 
TGLA ETH BM INRA MM TGLA ETH BM INRA MM 

 227 225 1824 005 12 227 225 1824 005 12 
1  AB AA AA BC AD AB AC AC AB BC 
2  AB AA AA BC AD AA AD AC AB BC 
3  AB AA AA BC AD AB AD AC AB BE 
4  AB AA AA AB AD AD AD AC AB BC 
5  AB AB AA AB AD AD AD AC AB BC 
6  AB AA AA AB AD AC AD AC AB AE 
7  AB AA AA AB AD AB AC AB AB BD 
8  AB AA AA BC AD AB AC AB AC BE 
9  AB AA AA BC CD AC AC AB AB AD 

10  AB AA AA AB CE AA AB AB AC BC 
11  AB AA AB AB AB AB AD AB AC AE 
12  AB AA AB AB AC AB AD AB AC AE 
13  AB AA AC AC BC AA AD AC AC AE 
14  AB AA AA BC BC AA AC AB AC AB 
15  AB AA AA AB BC AB AC AB AC AC 
16  AB AA AC AB BC AB AC AB AC AB 
17  AB AA AC AB BC AA AC AB AC AB 
18  AB AA AA AB BC AB AC AB AC AB 
19  AB AA AA BC BC AB AD AA AC AB 
20  AB AA AA BC BC AB AB AA AC AB 

 
 
Table 3. Intraspecies variation and allele frequency of Ongole 
Grade and Madura cattle at 5 microsatelite loci. 
 

 Locus 
Alelle Species TGLA22

7 
ETH225 BM1824 INRA00

5 
MM12 

A OG 0.50 0.97 0.87 0.30 0.25 
 Madura 0.62 0.50 0.55 0.50 0.30 

B OG 0.50 0.02 0.05 0.47 0.22 
 Madura 0.27 0.05 0.27 0.20 0.35 

C OG - - 0.07 0.22 0.27 
 Madura 0.05 0.15 0.17 0.30 0.15 

D OG - - - - 0.22 
 Madura 0.05 0.22 - - 0.05 

E OG - - - - 0.02 
 Madura - - - - 0.15 
Note: OG: Ongole Grade 
 

 
Table 4. Parameters of intraspecies genetic diversity observed in 
Ongole Grade and Madura cattle at 5 microsatellite loci  

 

Locus Species Na Ne OHm EHm OHt EHt I PIC 
TGLA227 OG 2 2.00 0.00 0.49 1.00 0.51 0.69 0.50 
 Madura 4 2.12 0.25 0.46 0.75 0.54 0.95 0.53 
ETH225 OG 2 1.05 0.95 0.95 0.05 0.05 0.12 0.05 
 Madura 4 2.83 0.00 0.34 1.00 0.66 1.17 0.65 
BM1824 OG 3 1.29 0.75 0.77 0.25 0.23 0.46 0.23 
 Madura 3 2.45 0.10 0.39 0.90 0.61 0.99 0.59 
INRA005 OG 3 2.73 0.00 0.35 1.00 0.65 1.05 0.63 
 Madura 3 2.63 0.00 0.36 1.00 0.63 1.03 0.62 
MM12 OG 5 4.16 0.00 0.22 1.00 0.78 1.46 0.76 
 Madura 5 3.85 0,00 0.24 1.00 0.76 1.44 0.74 
Average  OG 3,00 2.25 0.34 0.55 0.66 0.44 0.76 0.43 
 Madura 3,80 2,.77 0.07 0.64 0.93 0.64 1.12 0.63 
Note: OG: Ongole Grade. Na.: Observed number of alleles; Ne.: 
Effective number of alleles [Kimura and Crow 1964]; I.: Shannon's 
Information index [Lewontin 1972]; OHm.: Observed Homozygosity; 
EHm.: Expected Homozygosity, EHt.: Expected Heterozygosity, 

OHt.: Observed Heterozygosity. PIC.: Polymorphism Information 
Content 

Table 2 also indicates that some individuals from the 
Ongole Grade and Madura cattle are still pure breed, as 
evidence from the dominance of homozygous genotypes 
such as AA at ETH225 locus in Ongole Grade cattle. The 
pure breed can be obtained via inbreeding of animals after 
many years; thus, it is possible to obtain lines which 
produce uniform offspring. 

The variation and allele frequency in each species for 
each locus are presented in Table 3. Because allele 
variation exists in all loci, this finding suggests that the 
percentage of polymorphism reaches 100%. High allele 
variations were found at the MM12 locus that extends until 
the E allele, whereas the lowest variation was located at the 
INRA005 and BM1824 loci, only reaching the variation of 
C allele.  

In Ongole Grade cattle, ETH225 locus shows 
dominance in AB allele frequency (97%) and TGLA227 
locus shows the balance of frequencies between allele A 
and allele B, each by 50%. The BM1824 locus also 
explains the dominance of the allele A by 87%, while for 
allele B and C by 5% and 7%, respectively. Nearly 
comparable allele frequency was shown at INRA005 locus, 
where A, B, and C allele account for 30%, 47%, and 22%, 
respectively. No dominance of a specific allele at the 
MM12 locus which has the greatest allele variation. The 
allele frequencies are almost equal between alleles A, B, C, 
D, i.e, 25%, 22%, 27%, and 22%, respectively, while the 
lowest value was found in allele E by 2%. In Madura cattle, 
the dominance of allele frequencies was observed in allele 
A (62% at TGLA227 locus, 50% at ETH225 and INRA005 
loci, 55% at BM1824 locus). Except for the MM12 locus, 
the most considerable frequency was found in allele B by 
35%. In all case, the highest combination was found in 
allele A, an indicator that this allele mostly controls the 
variation of the traits that appear on the Ongole Grade 
cattle and Madura cattle. 

Table 4 shows the number of alleles, observed homo-
zygosity, expected homozygosity, observed heterozygosity, 
expected heterozygosity, effective number of alleles, and 
Shannon's Information Index. All loci indicate 
polymorphism, and the number of alleles obtained varies 
between 2 (TGLA227 and ETH225) to 5 (MM12). The 
average number of alleles for Ongole Grade cattle is 3.00, 
while for Madura cattle is 3.80. It is crucial to know the 
number of alleles per locus to estimate the genetic distance 
between species populations. Multiple alleles generally 
yield more accurate estimation on the genetic distance than 
loci with few alleles, especially for closely related 
populations (Kalinowski 2002). For improving the quality 
of livestock, it is generally advisable to cross-breed 
between two species with distant kinship. Crossbreeding 
allows the flow of genes from the parent to the offspring to 
establish better genetic stability in the offspring. 

The effective number of alleles (Ne) is the approximate 
number of alleles by adjusting their frequency to the PIC 
value. The lowest value was found in the Ongole Grade 
cattle (ETH225 locus; 1.05), whereas the highest value was 
measured in the Madura cattle (MM12 locus; 3.85). The 
average Ne score was 2.25 for Ongole Grade cattle and 
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2.77 for Madura cattle. The average Ne values obtained in 
this study were slightly lower than the average Ne values in 
Hariana cattle (2.87) and Hissar cattle (2.89), as reported 
by Rehman and Khan (2009). Also, it was lower than the 
studies on Kangayam cattle (Bos indicus) of Tamilnadu 
with an average Ne score of 2.90 (Karthickeyan et al. 
2009). The effective number of alleles was smaller than the 
observed number of alleles in general. One of the reason 
might be due to fluctuation in the number of populations in 
the past. There are also contributions from mutations 
(deletions) occurring in the population resulting from 
balance of mutation-selection (Crow and Dove 2000). 

The value of observed homozygosity (OHm) in Ongole 
Grade cattle ranged from 0.00 to 0.95, while for Madura 
cattle varied between 0.00-0.25. The expected value of 
homozygosity (EHm) in Ongole Grade cattle has a 
narrower range than the observed homozygosity value. The 
observed heterozygosity (OHt) per locus for Ongole Grade 
cattle ranged from 0.05 to 1.00 while for Madura cattle 
ranged from 0.75 to 0.90. The expected value of 
heterozygosity (EHt) in Ongole Grade cattle falls in the 
range of 0.05-0.77, while Madura cattle ranges from 0.54 
to 0.76. The range of observed heterozygosity values 
obtained in this study is much higher than that of Sumantri 
et al. (2007) conducted on Friesian-Holstein dairy cow at 
the Dairy Cattle Breeding Center, Baturaden (0.6151-
0.7303) and of five local cattle (Luxi, Nanyang, Jinnan, 
Qinchuan and Yanbian) in China that ranged from 0.63-
0.86 (Zhou et al. 2005). The main differences can be 
caused by different genus and more microsatellite loci used 
in previous studies, i.e, between 8-10 loci. The average 
observed heterozygosity value for Ongole Grade cattle was 
0.66 and for Madura cattle was 0.93. Sodhi et al. (2006) 
reported an average observed heterozygosity in Tharparkar 
cattle from India was 0.57, while in Indian Cow Red 
Kandhari and Deoni are 0.47 snf 5.47, respectively. 
Ibeagha-Awemu et al. (2005) argued that the low observed 
heterozygosity (0.117) in cattle in Cameroon and Nigeria 
might be due to inherited factor. 

Table 4 shows that almost all loci for each species have 
an observed heterozygosity higher than expected hetero-
zygosity, thereby indicating a decrease in heterozygosity. 
The lower expected heterozygosity may be an effect of 
gene flow from outside into the studied population, 
whereas the expected value of heterozygosity in the 
existing population depends on the application of artificial 
insemination techniques (Brotherstone and Goddard 2005). 
Inbreeding can increase the frequency of homozygous 
genes and decrease the proportion of heterozygosity (Khan 
and Sing 1990). The further the relationship between the 
two cattle, the less common their genes and the greater the 
degree of heterozygosity (Noor 2000). 

Shannon Information Index (I) is the information of 
gene diversity measurements (Kimura and Crow 1964). 
The I in Ongole Grade cattle was 0.69 (TGLA227), 0.12 
(ETH225), 0.46 (BM1824), 1.05 (INRA005), and 1.46 
(MM12). Meanwhile, the value for Madura cattle was 0.95 
(TGLA227), 1.17 (ETH225), 0.99 (BM1824), 1.03 
(INRA005), and 1.44 (MM12). Madura cattle demonstrated 
higher I value at some loci, for example for the TGLA227, 

ETH225, BM1824, and MM12 loci which suggests that the 
genetic diversity of Madura cattle for the above four loci is 
higher than that of the Ongole Grade Cattle. On the other 
hand, for the INRA005 locus, genetic diversity is more 
prevalent in Ongole Grade cattle than in Madura cattle. The 
I average for Ongole Grade cattle was 0.76, whereas 
Madura cattle was 1.12. Nevertheless, the value of I in this 
study was much greater when compared with the findings 
from previous study, e.g, Red Chittagong cattle in 
Bangladesh, cattle from Anwara region (0.29) (Mufti et al. 
2009), and Holstein's Cow (1.606) (Movahedin et al. 
2010). Pashaei et al. (2009) suggest that low biodiversity in 
Holstein cattle may be due to an intensive selection 
program. 

Polymorphism information content (PIC) is an 
important measurement of DNA polymorphism. The PIC 
illustrates the probability that a marker genotype of an 
offspring of a heterozygous parent affected with a 
dominant disease allows one to deduce which marker allele 
the offspring inherited from the parents (Botstein et al. 
1980). The PIC value of Ongole Grade is 0.50 at TGLA227 
locus, 0.05 at ETH225 locus, 0.24 at BM1824 locus, 0.63 
at INRA005 locus, and 0.76 at MM12 locus. In Madura 
cattle, the PIC value is 0.53 at TGLA227 locus, 0.68 at 
ETH225 locus, 0.59 at BM1824 locus, 0.62 at INRA005 
locus, and 0.74 at MM12 locus. According to Botstein et al. 
(1980), genetic markers with PIC values less than 0.25 
(PIC <0.25) were categorized as less informative and those 
with values greater than 0.5 (PIC> 0.5) were considered 
informative markers in the assessment of genetic 
populations. 

Based on the microsatellite locus selection standard 
(Barker 1994), the microsatellite locus should have at least 
four alleles to be considered for its use for the evaluation of 
genetic diversity. The results obtained in this study are not 
in line with the findings of Zhou et al. (2005) on five local 
livestock species in China where the ETH225 and BM1824 
loci both exhibited PIC values> 0.5. Another study 
conducted by Karthickeyan et al. (2008) in Ongole cattle 
mentioned that the PIC values for the INRA005 and 
ETH225 loci are >0.5. However, Sodhi et al. (2006), 
claimed that Zebu cattle in India showed a PIC value <0.5 
for locus ETH225. Based on the differences in these data, it 
can be concluded that the same microsatellite locus works 
differently for different types of livestock. 

Fixation Index (Fis) or Wright's Fixation Index is a 
calculation of inbreeding estimates in the population (Table 
5 and Table 8). Data on the calculation of the Fisher value 
(Table 5) shows that the Ongole Grade and Madura cattle 
have a broad genetic diversity and are also amongst cattle 
that breed naturally (Karthickeyan et al. 2009), as indicated 
by the emergence of negative physical values that reached 
100% of all loci used. 

The addition of a heterozygous allele ratio compared to 
a homozygous allele can be a useful deviation factor in 
Hardy-Weinberg equilibrium that can justify the emergence 
of negative values in the Wright's Fixation Index (Fis). Fis 
presents an increase or decrease in the observed 
heterozygosity frequency rating against the expected 
heterozygosity of -1 to 1 and 0 which in Hardy-Weinberg 
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equilibrium occurs when both frequencies are equal. 
Negative physical values may also be caused by controlled 
breeding systems that occur in the studied population and 
unintentional breeding strategies (Movahedin et al. 2010). 

Interspecies genetic diversity 
The interspecies allele frequencies of Ongole Grade and 

Madura cattle are presented in Table 6. The data show a 
considerable diversity for the MM12 locus, i.e, there are 
variations ranging from alleles A to E, whereas, for the 
TGLA227 and ETH225 loci, the variation only extended to 
allele D. Meanwhile, BM1824 and INRA005 loci have the 
lowest allele diversity, showing only allele A, B, and C. 

The parameters of interspecies genetic diversity of 
Ongole Grade and Madura cattle are presented in Table 7. 
The number of alleles ranges from 3 to 5 with an average 
number of alleles of 3.80. The lowest effective number of 
alleles was 1.75 for ETH225 locus, the highest was 4.35 for 
MM12 locus, and the average effective number of alleles of 
2.59. The average value of the observed homozygosity is 
0.20, while the expected average value of homozygosity is 
0.42. The largest observed heterozygosity values were found 
at the INRA005 and MM12 loci at 1.00, while the greatest 
heterozygosity was found at the MM12 locus by 0.78. 

The highest value of I was 1.53 for MM12 locus 
whereas the lowest value of I was 0.80 for BM1824 locus. 
The mean interspecies I value of Ongole Grade and 
Madura cattle was 1.03. The highest value of PIC was 0.77 
for the MM12 locus whereas the lowest value was 0.43 for 
the ETH225 locus. The mean value of PIC is 0.57, meaning 
that the locus used in this study is generally considered 
informative in the genetic population assessment because it 
has a PIC value > 0.5. 

The number of interspecies inbreeding between Ongole 
Grade and Madura cattle shows a negative value, 
suggesting there is no inbreeding between the population of 
Ongole Grade and Madura cattle. In the context of 
livestock breeding efforts, inbreeding also means 
degradation of the livestock quality, since the chance of 
accumulation of undesirable traits brought on from closely 
related species to their offspring is much higher than the 
accumulation of its good qualities. 

The value of intraspecies genetic diversity of Madura 
cattle is higher than that of Ongole Grade cattle, whereas 
the interspecies genetic diversity of Ongole Grade-Madura 
is smaller than the value of intraspecies genetic diversity of 
Madura, albeit only 0.09 difference. This may be attributed 
to the considerable range of intraspecies Shannon's 
Information Index of Ongole Grade and Madura cattle, thus 
affecting the low interspecies genetic diversity. 

This study is a small part of the great effort to improve 
the quality of livestock in Indonesia. To bring up certain 
traits in a species, the cooperation of genetic and environ-
mental factors is needed. Therefore, to achieve the ultimate 
goal of this research, genetic data and other supporting 
data, such as phenotype, geographical conditions of the 
livestock environment, and the culture of local 
communities are needed. By knowing those supporting 
data, we can analyze the relationship between genetic data 
and phenotype data formed from the geographical 

condition of the environment and the treatment (culture) of 
the local community to the livestock concerned.  
 
Table 5. Intraspecies Fixation Index (Fis) of Ongole Grade and 
Madura cattle at 5 microsatelite loci. 
 
Alelle Species TGLA 

227 
ETH 
225 

BM1824 INRA005 MM12 

A OG 
Madura 

-1.00 
-0.60 

-0.02 
-1.00 

-0.14 
-0.82 

-0.42 
-1.00 

-0.33 
-0.43 

B OG 
Madura 

-1.00 
-0.38 

-0.02 
-0.05 

-0.05 
-0.38 

-0.90 
-0.25 

-0.29 
-0.54 

C OG 
Madura 

- 
-0.05 

- 
-0.29 

-0.08 
-0.21 

-0.29 
-0.43 

-0.38 
-0.18 

D OG 
Madura 

- 
-0.05 

- 
-0.29 

- - -0.29 
-0.05 

E OG 
Madura 

- - - - -0.02 
-0.17 

Total 
 

OG 
Madura 

-1.00 
-0.42 

-0.02 
-0.55 

-0.10 
-0.52 

-0.58 
-0.61 

-0.31 
-0.35 

Note: OG: Ongole Grade 
 
 
 
Table 6. Interspecies variation and allele frequency of Ongole 
Grade and Madura cattle at 5 microsatelite loci. 
 

 Locus 
Alelle TGLA227 ETH225 BM1824 INRA005 MM12 

A 0.56 0.74 0.71 0.40 0.27 
 B 0.39 0.04 0.16 0.34 0.29 
 C 0.02 0.11 0.12 0.26 0.21 
 D 0.02 0.11 - - 0.18 
 E - - - - 0.09 

 
 
 
Table 7. Parameters of interspecies genetic diversity in Ongole 
Grade and Madura cattle at 5 microsatelite loci 
 

Locus Na Ne OHm EHm OHt Eht I PIC 
TGLA227 4 2.14 0.12 0.46 0.87 0.54 0.87 0.53 
ETH225 4 1.75 0.47 0.56 0.52 0.43 0.84 0.43 
BM1824 3 1.82 0.42 0.54 0.57 0.46 0.80 0.45 
INRA005 3 2.92 0.00 0.33 1.00 0.66 1.08 0.66 
MM12 5 4.35 0.00 0.22 1.00 0.78 1.53 0.77 
Mean 3.80 2.59 0.20 0.42 0.79 0.57 1.03 0.57 
Note: Na.: Observed number of alleles; Ne.: Effective number of 
alleles [Kimura and Crow 1964]; I.: Shannon's Information Index 
[Lewontin 1972]; OHm.: Observed Homozigocity; EHm.: Expected 
Homozigosity, EHt.: Expected Heterozigosity, OHt.: Observed 
Heterozigocity. PIC.: Polymorphism Information Content 

 
 
Table 8. Interspecies Fixation Index (Fis) of Ongole Grade and 
Madura cattle at 5 microsatellite loci.  
 

 Locus 
Allele

  
TGLA227 ETH225 BM1824 INRA005 MM12 

A -0.78 -0.35 -0.40 -0.67 -0.38 
B -0.63 -0.04 -0.19 -0.51 -0.40 
C -0.02 -0.13 -0.14 -0.35 -0.27 
D -0.02 -0.13 - - -0.16 
E - - - - -0.09 

Total -0.64 -0.22 -0.28 -0.52 -0.30 
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In conclusion, based on Shannon's Information Index, 
the intraspecies genetic diversity of Ongole Grade cattle 
was greater than that of Madura cattle. The average 
Shannon's Information Index of interspecies was 1.03. The 
average intraspecies PIC value of Ongole Grade and 
Madura cattle were 0.43 and 0.63, respectively, whereas 
the mean interspecies PIC value of Ongole-Madura cattle 
was 0.57. Therefore, all loci meet the standard to be 
considered as being an informative marker in the 
assessment of genetic populations due to having a PIC 
value of> 0.5 especially for intraspecies in Madura cattle. 
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