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Abstract. Medina CE, Díaz DR, Malaga BA, Medina YK, López E. 2018. Short Communication: Second record of Eumops chiribaya 

(Chiroptera, Molossidae) in Peru. Biodiversitas 19: 1979-1984. The bat Eumops chiribaya was recently described from southwestern 

Peru, based on unique specimen collected in the coastal desert of Moquegua Department. Herein, we document the second record for the 

country based on a specimen collected in Arequipa Department. This specimen is described in detail and compared with the holotype of 

E. chiribaya. This record represents a significant extension of the geographic range for this species, both in latitude and elevation, and it 

show the high diversity of bats living in the coastal valleys of southwestern Peru. Our record adds one genus and species to the Arequipa 

Department, totaling 17 bat species in the Department. 

Keywords: Arequipa, Bonneted Bat, Chiribaya, geographic range extension  

INTRODUCTION 

Peru is one of the five countries in the world with the 

greatest diversity of mammals, it being estimated that at 

least 566 species of mammals are distributed throughout 

Peru (Velazco 2013; Moras et al. 2015, Pacheco et al. 

2009; Medina et al. 2016; Uturunco and Pacheco 2016; 

Sanchez and Pacheco 2016; Miranda et al. 2017; 

Nascimento et al. 2017; Hurtado and Pacheco 2017; Rocha 

et al. 2017; Ruedas et al. 2017; Suárez-Villota et al. 2017; 

Velazco et al. 2017; Do Prado and Percequillo 2018; 

Emmons and Fabre 2018; Voss et al. 2018; Zeballos et al. 

2018). Rodents and bats represent two thirds of the total 

diversity (64%) for Peru (Pacheco et al. 2009), due to 

evolutionary and adaptive exclusiveness that they have 

developed over time. Fourteen per cent of rodents and bats 

are endemic species from Peru and are distributed along the 

coast and western slope of Andes (Pacheco et al. 2009).  

The bats of genus Eumops Miller belongs to the nearly 

cosmopolitan bat family Molossidae (Eger 2008), ranging 

from southern United States to Patagonia in Argentina 

(Eger 1977), and can be easily recognized by the following 

characters: upper lip smooth or rarely with a very small 

facial grooves but never deeply wrinkled, ears joined on the 

forehead, longer antitragus not detached from lower border 

of the ear, and upper border of nostrils surrounded by 

pointed and very small warts and small hairs (Gregorin 

2009). Currently Eumops includes 16 species recognized as 

valid (Gregorin et al. 2016). The majority of species were 

described between 1800’s to 1940’s (Sanborn 1932; Eger 

1977). However, after seven decades three new species 

were recently described: Eumops wilsoni Baker et al. from 

the lowlands of western Ecuador and Peru, Eumops 

chiribaya Medina et al. from the coastal desert and western 

slopes of southwestern Peru, and Eumops chimaera 

Gregorin et al. from lowlands of eastern Bolivia and Brazil.  

Ten species of Eumops occur in Peru, namely E. 

auripendulus (Shaw), E. chiribaya, E. delticus Thomas, E. 

hansae Sanborn, E. maurus (Thomas), E. nanus (Miller), E. 

patagonicus Thomas, E. perotis Schinz, E. trumbulli 

(Thomas), and E. wilsoni (Pacheco et al. 2009; Medina et 

al. 2016). They are widely distributed throughout the 

country, including northwestern dry forest, coastal desert, 

mountain forest, Amazonian forest and savannah portions 

(Eger 1977; Eger 2008; Baker et al. 2009; Pacheco et al. 

2009; Díaz 2011; Medina et al. 2012). E. chiribaya is 

endemic to Peru, known by one specimen collected in the 

coastal desert of Moquegua Department (Medina et al. 

2014).  

Despite the peculiar fauna from coast and western slope 

of southern Peru, very few studies have been conducted to 

record the mammalian diversity in this region (Escomel 

1929; Jiménez et al. 1982; Dávila et al. 1987; Zeballos et 

al. 2001; Pari et al. 2015). However, after seven years of 

field works, we report the second specimen E. chiribaya 

from Peru, based on one specimen caught in the Ocoña 

Valley, Arequipa department, southwestern Peru.  
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MATERIALS AND METHODS 

Study area 

The specimen of Eumops was captured in the Ocoña 

Valley, which is on the western slope of the Andes in 

southern Peru (Figure 1). Ocoña Valley is an unusual 

region as it connects with the deepest canyon in the World, 

the Cotahuasi Canyon, which have a depth of 3535 m 

(Jimenez et al. 2003). 

The climate in the basin of Ocoña River changes with 

the altitude. Up to 2000 m, the annual mean temperature is 

16°C and the annual precipitation is 300 mm, considerably 

higher in summer (ANA 2015). The native vegetation 

along the river is dominated by trees (Prosopis pallida 

Kunth) and shrubs (Tessaria integrifolia Ruiz and Pav.), 

that are used sometimes as firewood by local populations 

(Jimenez et al. 2003). The native fauna is composed mainly 

of frogs (Rhinella limensis [Werner]), lizards (Microlophus 

spp. Duméril and Bibron), snakes (Bothrops pictus 

[Tschudi]), birds (Merganetta armata Gould, Xenospingus 

concolor [D'Orbigny and Lafresnaye]), foxes (Lycalopex 

griseus Gray), otters (Lontra felina [Molina]), bats 

(Amorphochillus schnablii Peters, Platalina genovensium 

Thomas, Tomopeas ravus Miller) and rodents 

(Oligoryzomys arenalis Thomas) (Zeballos et al. 2001; 

Jimenez et al. 2003). Some of these vertebrates are 

considered threatened in national and international 

legislation or are endemic to Peru (Pacheco et al. 2009; 

Schulenberg et al. 2010; MINAGRI 2014; IUCN 2018). 

Historically, agriculture was the principal economic 

activity in Ocoña Valley. However currently, the informal 

mining and urban expansion have the most negative impact 

on to the native flora and fauna in the region.  

Methods 

The specimen is housed in the Museo de Historia 

Natural de la Universidad Nacional de San Agustín 

(MUSA). External measurements were recorded from the 

original field tags, which included: total length, distance 

from the tip of the nose to the tip of the tail; tail length, 

length of tail vertebrae; Ear length, distance from the base 

of the notch to the uppermost margin of the pinna; hindfoot 

length, distance from the heel to the tips of the claws; 

forearm length (FA), distance from the wrist to the elbow, 

including the skin; and weight, corporal masa. Wing 

measurements were taken following the definitions and 

illustration of Freeman (1981) and Bernardi et al. (2009). 

Measurements were taken with digital calipers to the 

nearest 0.1 mm as follows: fourth digit metacarpal length 

(LIV), distance from the wrist, including the skin, to the 

metacarpal-phalangeal joint; first phalanx of fourth digit 

length (fal1-IV), distance from the metacarpal-phalangeal 

joint to the distal end of the first phalanx of the third digit; 

greatest length of skull (GLS), distance from one condyle 

to the anterior face of the incisors; braincase breadth (BB), 

maximum width measured dorsal to the auditory bullae 

with the blades of the calipers resting on the zygoma; 

condyle-incisive length (CIL), distance from the occipital 

condyles to the anterior face of the incisors; zygomatic 

breadth (ZB), distance between the zygomatic arches 

measured on the squamosal bones; postorbital breadth 

(PB), minimum interorbital distance measured across the 

frontals; palate length (PL), distance from the anterior face 

of the incisors to the posterior margin of the palate lateral 

to the posteromedial projection; maxillary toothrow length 

(MTRL), distance from the anterior face of the canine to 

the posterior edge of the third molar; breadth across upper 

molars (M–M), distance across the crowns of the third 

molars; width across upper canines (C-C), width across the 

canines including cingula; mandible length (DENL), 

distance from one condyle to the anterior face of the 

incisors; and mandibular toothrow length (MANDL), 

distance from the canine to the third molar.  

The specimen was identified with taxonomic keys 

(Anderson, 1997, Eger 2008, Diaz et al. 2016), specialized 

literature (Eger 1977, Freeman 1981, Gregorin 2009, 

Medina et al. 2014, Gregorin et al. 2016) and by 

comparison with housed specimen in MUSA. Taxonomy 

follows Wilson & Reeder (2005). 

RESULTS AND DISCUSSION 

Order Chiroptera Blumenbach, 1779 

Family Molossidae Gervais, 1856 

Eumops chiribaya Medina, Gregorin, Zeballos, Zamora 

and Moras, 2014 

Chiribaya's Bonneted Bat 

Specimen examined 

MUSA 20972, adult male preserved in fluid and skull 

removed, collected at San Antonio-Ocoña Valley, Ocoña 

District, La Unión Province, Arequipa Department, Peru 

(15°42'57" S, 073°05'11" W WGS84, elevation 740 m), on 

5 June 2017.  

MUSA 8493, Holotype, adult female preserved as skin, 

skull, and partial skeleton, collected at El Algarrobal, Ilo 

Province, Moquegua Department, Peru (17º37'22" S, 

071º16'07" W WGS84, elevation 110 m), on 1 June 2010.  

Description 

The specimen MUSA 20972 was identified as Eumops 

chiribaya by following combinations of characters: 

medium body size (Table 1); dorsal coloration light olive-

brown to griseous, with slightly lighter belly (Figure 1); 

pelage is soft, long (6-7 mm taken at the level of the 

shoulder region); dorsal hairs bicolored, with white base 

that conspicuously contrast with the tip. Face naked; upper 

lip smooth to weakly wrinkled on distal edge of snout. 

Nose blackish; upper border of narial region surrounded by 

small and pointed warts, internarial ribs covered by small, 

spoon-like and blackish hairs. Ears large (25.7-28 mm), 

round, blackish and joined on the forehead; upper border 

smooth, but the inner face with brown hairs distributed 

from the dermal keel to the top of the ear. Tragus square-

shaped. Antitragus semicircular, wider than higher. Dorsal 

surface of propatagium and plagiopatagium near to forearm 

and dactilopatagium at basal middle of fifth metacarpal 

covered with short light olive-brown to griseous hairs. Feet 

blackish; external edges and ventral surface of the first and 
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fifth toes of the feet covered by short hairs, silver in color, 

with claws covered by longer hairs of the same color. 

Calcar longer than feet. Uropatagium dull brown with free 

portion of the tail blackish.  

Skull with elongated and narrow rostrum in dorsal 

view, and straight in profile (Figure 2). Braincase rounded, 

tending to be angular anteriorly; opisthocranion curved 

dorsally and anteriorly. Nasal process of the premaxilla 

well-developed. Postorbital constriction narrow. Medial 

sagittal crest poorly developed. Palate long and slightly 

wide. Medial process of posterior margin of palate bridge 

absent. Incisive foramina tiny, with two concentric cusps 

longitudinally. Mesopterygoid fossa broad and rectangular. 

Foramen ovale well-developed. Sphenorbital fissure 

narrow. Basisphenoid pits large, deep, rectangle-shaped, 

and separated from each other by a narrow septum. 

Mastoid foramen present. Premetacrista equal to half the 

length of postparacrista on M3. Mandible gracile with well-

developed keel. 

The main differences between the specimen MUSA 

20972 and the Eumops chiribaya Holotype are the 

morphometric measures (Table 1), which could be 

associated with sexual dimorphism reported within the 

family Molossidae (Freeman 1981). The specimen MUSA 

20972 help to describe the range of variation for E. 

chiribaya (Medina et al. 2014). 

Natural history 

MUSA 20972 was captured with a mist net of standard size 

installed at water level over backwater, following protocols 

presented by Jones et al. (1996). The river backwaters are 

apparently a “hotspot” of feeding, because four bat species 

were recorded along with MUSA 20972 during field work 

in the Ocoña Valley. Amorphochilus schnablii and Myotis 

atacamensis (Lataste) were the most abundant species, both 

with a value of 1.61 individuals per 10 mist nets-night 

(Calhoum and Casby 1958); meanwhile Promops davisoni 

Thomas, Tadarida brasiliensis I. Geoffroy St.-Hilaire and 

Eumops chiribaya were less abundant species (values of 

1.29, 0.65 and 0.32, respectively). 

 

 
Table 1. External and cranial measurements (mm) and weight (g) 

of known specimens of Eumops chiribaya (Medina et al. 2014). 

Abbreviations are defined in text. 

 

Measures 

Moquegua  Arequipa 

Holotype 

MUSA 8493 

Female 

 
Present study 

MUSA 20972 

Male 

Total length 134  135 

Tail length 52  53 

Hindfoot length 13.5  11.0 

Ear length 25.7  28.0 

Weight 20.3  30.0 

FA 61.1  62.1 

LIV 58.02  62.36 

fal1-IV 20.66  20.27 

GLS 23.36  23.66 

CIL 22.51  22.76 

PL 9.38  9.61 

ZB 13.23  13.85 

PB 4.55  4.69 

BB 11.59  11.22 

C-C 4.93  5.18 

MTRL 8.55  8.72 

M-M 8.40  9.13 

DENL 15.92  16.82 

MANDL 9.41  9.20 

 

 

 

 

 
 

Figure 1. External morphology of the living individual of Eumops chiribaya (MUSA 20972) collected in Ocoña Valley, Arequipa, Peru 

(Photograph by B.A. Malaga) 
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Figure 3. Distribution map of Eumops chiribaya. The new record is denoted with a triangle and type locality with a star (Medina et al. 

2014) 

 

 

 

 

 
 

Figure 2. Dorsal, ventral and lateral views of cranium and 

mandible of Eumops chiribaya from Peru. Left, holotype (MUSA 

8493); and right, specimen collected in Ocoña Valley (MUSA 

20972). Scale bar equal to 10 mm. 

Mormopterus kalinowskii (Thomas) is another bat 

species that are sympatric with E. chiribaya (Medina et al. 

2014). These records shown complex trophic relationships 

in the bat community that allow the coexistent of many 

insectivorous bat species (Pari et al. 2015), a fact that has 

been discussed by some authors in relation to bat sizes and 

its preys (Freeman 1981). So, if follow the statement of 

Muñoz and Molinari (2000) it is probable that the diet of E. 

chiribaya is mainly composed by big insects, like 

Coleoptera and Lepidoptera species. 

The known localities for Eumops chiribaya suggest like 

preference by inhabit valley surrounded by steep hills 

(slope > 60°). None data is available about its dens, 

however it's probable that use cracks at steep hills. 

Distribution 

MUSA 20972 increases the upper distribution limit of 

Eumops chiribaya to 743 m of elevation, and it extends the 

distribution range of the species in 286.57 km northeast 

from type locality, El Algarrobal, Ilo, Moquegua, Peru 

(Medina et al. 2014) (Figure 3). It’s very probable that 

distribution potential models might infer a high suitability 

of E. chiribaya in the valleys of Camana, Chili and Tambo, 

meanwhile the upper distribution limit of E. chiribaya 

might be from sea level to 2,000 m of elevation, 

considering that others Eumops species of medium body 
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size inhabit along this range altitudinal distribution (Eger 

2008; Medina et al. 2014). 

Final considerations 

Pari et al. (2015) report 10 species of bats in the Ocoña 

Valley and show information about the high diversity of 

bats living in the coastal valleys of Arequipa Department, 

as well as the kinds of refuges used and its reproduction 

patterns. The record of Eumops chiribaya is an evidence of 

this diversity and it reinforce the nomination of the Ocoña–

Cotahuasi Basin as Area Importance for the Conservation 

of Bats (AICOM) from Arequipa (Aguirre and Barquez 

2013; Pari et al. 2015). This strategy would help to stop the 

main threats that bats currently face in Ocoña Valley, such 

as: habitat degradation, informal mining, extensive 

pesticide use, beliefs or superstitions of local people, new 

infrastructure projects, between others (Pari et al. 2015). 

Eumops chiribaya adds one genus and species to the 

Arequipa Department reaching to 17 bat species in the 

region (Zeballos et al. 2001; Zeballos and Lopez 2002; Pari 

et al. 2015). Besides the record here presented, other bat 

species has been registered with acoustic sampling by the 

authors, but none capture has been made of these in mist 

nets. In the future, more field exploration almost certainly 

will reveal new records from Arequipa, or even new 

species for science. Consequently, E. chiribaya can easily 

be separated of others living species bats from Arequipa 

using the following key (modified from Pari et al. 2015):  

 
1a.  Noseleaf present 2 

1b.  Noseleaf absent 5 

 

2a.  Noseleaf reduced to a pair of dermal outgrowths above 

rhinarium; thumb longer than 10 mm Desmodus rotundus  

 Geoffroy St.-Hilaire 

2b.  Noseleaf well-developed; thumb shorter than 8 mm  3 

 

3a.  Rostrum wide and short; rudimentary uropatagium; tail 

absent  Sturnira bogotensis Shamel 

3b. Rostrum narrow and elongate; uropatagium well-

developed; tail present  4 

 

4a.  Forearm longer than 45 mm; tongue with deep lateral 

grooves  Platalina genovensium 

4b.  Forearm shorter than 40 mm; tip of the tongue with 

filiform papillae  Glossophaga valens Miller 

 

5a.  Tail enclosed in uropatagium  6 

5b.  Tail extends well beyond the posterior border of the 

uropatagium (free section > 5 mm)  9 

 

6a.  Thumb tiny enclosed in propatagium; tail extend until 

middle of uropatagium  Amorphochilus schnablii 

6b.  Thumb develop not enclosed in propatagium; tail extend 

until border of uropatagium  7 

 

7a.  Ears longer than 26 mm  ....................................................... 

    Histiotus montanus Philippi and Landbeck 

7b.  Ears shorter than 25 mm  8 

 

8a.  Forearm longer than 36 mm; face pelage blackish  ................ 

  Myotis oxyotus (Peters) 

8b.  Forearm shorter than 35 mm; face pelage cream color .......... 

  Myotis atacamensis 

9a.  Small antitragus and tragus developed; ear with a basal 

lobe  Tomopeas ravus 

9b.  Large antitragus and tragus reduced; ear lacks a basal 

lobe  10 

 

10a.  Ears separated on the forehead  11 

10b. Ears united in a point on the forehead or by a nasal keel 

on the rostrum  12 

 

11a. Forearm longer than 40 mm  Tadarida brasiliensis 

11b. Forearm shorter than 40 mm  Mormopterus kalinowskii 

 

12a. Upper lip deeply wrinkled resulting in vertical grooves  13 

12b. Upper lip smooth or slightly wrinkled  15 

 

13a. Forearm longer than 55 mm  Nyctinomops macrotis Gray 

13b. Forearm shorter than 55 mm  14 

 

14a. Forearm longer than 47 mm; greatest length of skull more 

than 19 mm  Nyctinomops aurispinosus (Peale) 

14b. Forearm shorter than 47 mm; greatest length of skull less 

than 19 mm  ...........................................................................  

   Nyctinomops laticaudatus (Geoffroy St.-Hilaire) 

 

15a. Ears longer than 20 mm, extending to tip of nose when 

laid forward  Eumops chiribaya 

15b. Ears shorter than 20 mm, do not reach the tip of the nose 

when laid forward   16 

 

16a. Forearm longer than 45 mm; four incisors lower  ....................  

  Promops davisoni 

16b. Forearm shorter than 45 mm; two incisors lower ................... 

  Molossus molossus (Pallas) 
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Abstract. Priyono DS, Solihin DD, Farajallah A, Arini DID. 2018. Anoa, dwarf buffalo from Sulawesi, Indonesia: Identification based 

on DNA barcode. Biodiversitas 19: 1985-1992. Anoa is an endangered endemic species in Sulawesi. The controversial issue of anoa 

conservation until now is the taxonomic status of lowland and mountain anoa. This study aims to test the ability of DNA barcoding 

techniques to identify the taxonomy between mountain anoa and lowland anoa. A 681bp fragment of cytochrome oxidase subunit 1 

(COI) gene was obtained and used to solve the molecular taxonomic problem and to resolve the phylogenetic relationships of the two 

types of anoa. Our results showed that the DNA barcode is useful in assigning the taxonomic position of anoa. In the phylogenetic tree, 

we found that the two types of anoa were in separate clades. We also found that based on the Kimura-2 parameter (K2P), the genetic 

distance between the two types of anoa showed higher values (3.4%) than the threshold of the separating species level. We, therefore, 

proposed that the binomial nomenclature for both types of lowland and mountain anoa are respectively Bubalus depressicornis and 

Bubalus quarlesi. We suggest that the use of DNA barcode techniques in anoa taxonomic studies and their implementation will be 

useful in conservation management 

Keywords: Anoa, COI, DNA barcoding, phylogenetic, molecular taxonomy 

INTRODUCTION 

Anoa is an endemic animal in Sulawesi Island. Anoa 

has a unique characteristic as compared to other Bovidae 

family members, in which anoa has a smaller size. The 

population of anoa in the wild continues to decline (Broto 

2015). The main causes of anoa population decrease are 

due to poaching, conversions of forests into agricultural 

land, industrial areas and human habitats (Burton et al. 

2005). The IUCN Redlist has categorized anoa as an 

endangered species since 1986, and The CITES included 

anoa in Appendix I since 1975, meaning that anoa is 

protected and cannot be traded. Various efforts in anoa 

conservation have been taken including captive breeding 

programs. 

The success of species captive breeding program is not 

only supported by the large population but also on the 

information of the variation and genetic status of the 

species. Information about the genetic status of species in 

captivity provides records and guidelines in case of 

transportation between different breeding populations (Xie 

and Gipps 2012). If the genetic condition of the species is 

ignored, extinction will occur, and the most significant loss 

is the loss of germplasm of this endemic species in 

Indonesia. In addition to genetic information, one of the 

main problems in anoa conservation studies is the 

taxonomic status of anoa (Burton et al. 2005). 

Until now, the status of anoa taxonomy is still much 

debated. Anoa is classified by habitat and some of its 

morphological characters, such as lowland anoa and 

mountain anoa. The varying number of chromosomes in 

these two types of anoa (2N = 44, 45, 47, 48) shows 

phylogenetic and taxonomic problems (Schreiber et al. 

1993). At the subgenus level, the identification of the skull 

(Groves 1969), the hemoglobin α amino acid sequence 

analysis (Kakoi et al. 1994), and the identification of 

cytochrome b (Tanaka et al. 1996) suggest that both types 

of anoa are categorized under the anoa subgenus. However, 

nuclear DNA analysis (cytochrome P450 aromatase partial 

sequence and lactoferrin gene) shows that lowland anoa is 

closer to the genus of Boselaphus, not Bubalus (Pitra et al. 

1997). At the species level, the anoa taxonomic position 

also encounters problems. A few researchers (Lydekker 

1905; Dolan 1965) claimed that the anoa is divided into 

two species, Bubalus depressicornis, and Bubalus quarlesi, 

or as a species with three subspecies which is Bubalus d. 

depressicornis, Bubalus d. quarlesi, and Bubalus d. 

fergusoni. Schreiber et al. (1993) conducted allozyme 

analysis on 25 anoas in European zoos. The allozyme 

distance formed is between D=0.0206 to D=0.0505. The 

range of allozyme distance is more likely to indicate a 

separation of subspecies level (Nei 1987). Hartl et al. 

(1988) previously also analyzed the greater distance of 

allozyme (D=0.1389 to D=0.7621) to classify many species 

in Bovini. Based on the taxonomic ambiguities that appear 

at the subgenus, species and subspecies levels, further 

research is needed to diagnose taxonomy of anoa using a 

more robust marker, such as mitochondrial DNA markers 

(Solihin 1994). 

One of the most widely used mitochondrial DNA 
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markers in identifying taxonomic units is the cytochrome c 

oxidase subunit I (COI) gene marker. The used of COI 

gene as DNA barcoding marker has been declared as an 

accurate tool in the identification and phylogenetic 

inferences of a species (Hebert et al. 2003). Some recent 

studies in Bovidae family member show that the use of 

DNA barcode has also solved various problems in 

determining a more appropriate taxonomic unit (Yang et al. 

2013; Barmann et al. 2013). 

Certainty in determining taxonomic units is necessary 

to support the success of breeding in conservation. 

Valuable data from genetic approaches such as genetic 

information, evolution, and phylogenetics are required for 

species monitoring and conservation management 

(Schwartz et al. 2007). In such cases, conservation efforts 

for 'endangered species' may be misdirected concerning the 

goal of protecting biodiversity. This study aims to apply 

DNA barcode techniques and to identify genetic 

differences and taxonomic status of lowland anoa and 

mountain anoa based on the mtDNA COI gene. These 

results are used as a baseline for future planning and 

management of anoa conservation management.  

MATERIALS AND METHODS 

Sample collection 

A total of 10 samples of anoa was obtained, consisting 

of 5 lowland anoa and five mountain anoa. Lowland anoa 

were obtained from Palu (n=2), Gorontalo (n=1), Bolaang 

Mongondow (n=1), and Toli-toli (n=1). Mountain anoa was 

obtained from Sidenreng Rappang (n=2), Luwu (n=2) and 

Seko (n=1) (Figure 1).  

 

 

 

 
 

Figure 1. The location of origin of anoa used in this study: A. Ambo Sidenreng, B. Indo Sidenreng, C. Indo Luwu, D. Ambo Luwu, E. 

Indo Seko, F. Denok, G. Manis, H. Rambo, I. Rita, J. Rocky 
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DNA isolation, PCR amplification, DNA sequencing 

Total genomic DNA from blood was extracted by using 

DNeasy Blood & Tissue Kit (Qiagen) following 

manufacturer protocols with some modifications of the 

original protocol to improve the yield and quality of the 

extracted DNA. Modification of the protocol consisted of 

adding proteinase-k to 40 µL and the length of the 

incubation time was overnight after addition of ethanol. 

The COI gene was amplified using the Polymerase chain 

reaction (PCR) technique. PCR reaction was carried out 

with a total mixture of 25 µL, with the composition of 1x 

PCR buffer (Promega), GC 1x enhancer, 0.2 mM dNTP 

(Qiagen), 10pg DNA template, 0.02 U/µL Taq polymerase 

(BioLabs, England), 0.02 µM of each primer (COI 

B_Depress (F)-5’GGCACCCTGTATTTGCTGTT3’, COI 

B_Depress (R)-5’GCCGGAACATCATACTTCGT3’). The 

amplification condition consisted an initial step for 5 min at 

94°C followed by 35 cycles of 45 seconds at 94°C, 45 

seconds at 53.4°C, and 6 min at 72°C, followed by a final 

incubation at 72°C for 10 min. The 1.2% agarose gel was 

used to visualize PCR amplicons. PCR products were then 

sent for sequencing using an ABI3730 sequencing machine 

provided by the First Base Laboratories (Singapore). 

Data analysis 

Alignment and sequence visualization was carried out 

using ClustalW on MEGA ver. 6 (Tamura et al. 2013) and 

manually checked in the BIOEDIT program ver 7.0.9 (Hall 

1999). The final alignment consisting of 681 base pairs was 

then verified into the Barcode of Life Data System (BoLD 

System) (www.barcodinglife.org) to ensure the identity of 

the samples and to test homology with the available 

sequences in GenBank. Conspecific COI sequences of 

lowland anoa species that have been obtained from 

GenBank with the accession number of EF536351, 

NC020615 (Hassanin et al. 2012) were also included in the 

analysis and compared with the aligned sequences. The 

sequence was derived from anoa that the origin of the anoa 

was unknown, and the individual was housed at the 

Ménagerie du Jardin des Plantes of the Museum national 

d'Histoire Naturelle of Paris (Hassanin, pers. comm.). The 

Kimura-2 Parameters method (K2P) was used to calculate 

intra-and inter-species genetic distances (Kimura 1980). In 

a case for overlooked species, we employed a sequence 

divergence of 2,5 % as a screening threshold for mammals 

as recommended by Tobe et al. (2010). Phylogenetic trees 

were constructed with a combination of three models: 

Maximum Likelihood in the Treefinder (Jobb et al. 2004) 

with 1000 replications, Bayesian analysis using MrBayes 

3.1.2 with Markov Chain Monte Carlo (MCMC) 10 million 

(Huelsenbeck and Ronquist 2001) and 2500 burn-in, and 

Neighbour Joining using Mega 6 (Tamura et al. 2013) with 

1000 bootstrap replicates. 

Currently, the anoa is in captivity of Anoa Breeding 

Center (ABC), Center for Environment and Forestry 

Research and Development (BP2LHK), Manado, North 

Sulawesi, Indonesia, and Conservation Center of 

Bontomarannu Education Park (BEP), Gowa, South 

Sulawesi, Indonesia. As much as 5-10 mL of blood was 

taken from the jugular vein from each specimen using the 

EDTA vacutainer tube and then stored at-40ºC. 

RESULTS AND DISCUSSION 

BoLD identification 

The 681 bp sequence was obtained and then analyzed 

using the BoLD system to ensure the conformity of 

samples with available databases (Table 3). The similarity 

of the lowland anoa in this study with those of anoa in 

BoLD system showed high similarity, ranged between 

97.64-98.08%. Whereas for mountain anoa case, the 

highest similarity was not with those of lowland anoa, but 

with the Buffalo group (Bubalus bubalis) with the 

similarity level ranging from 97.96-97.22% or divergence 

ranging from 2.04-2.78%. The high similarity between the 

mountain anoa and the buffalo (Bubalus bubalis and 

Bubalus carabanesis) in BoLD system perhaps due to 

misidentification occurred in the BOLD system as the 

range of available base in genebank database (query cover) 

did not reach the base length of anoa to be identified. The 

previous case of BoLD misidentification has also been 

described, especially in sequence coverage for 

identification (Kwong et al. 2012). On the other hand, a 

previous DNA barcode study, buffalo groups had huge 

divergence that separate buffalo groups and buffalo group 

classification is still a matter of debate (Cai et al. 2011, 

Kochar et al. 2002). To clarify this case, it is important to 

reconstruct a phylogenetic tree by including buffalo group. 

Nucleotide variations 

The concern when using mitochondrial DNA 

amplification was the amplification of "COI-like 

sequences" or nuclear pseudogenes of mitochondrial origin 

(numt) (Buhay 2009). To confirm this sequence was utterly 

originated from mitochondrial DNA COI gene, we 

conducted several investigations. One of the numt 

characters of numt is the presence of insertion and deletion 

in DNA sequences (NUMTs, Bensasson et al. 2001). 

However, the results of anoa COI gene alignment in this 

study found no insertion-deletion (indel) event. Also, to 

ensure in filtering numt, we carefully examined 

heterozygosity of peak sequences (Buhay 2009), and the 

obtained sequence did not contain any overlapping peaks. 

So it could be ascertained that sequences used in the DNA 

barcode technique in this study are COI genes in the 

mitochondrial DNA. 

Variations in base transitional mutations in COI genes 

were occurring more than transversions. In all anoa 

samples, the number of transition mutations sites was 33, 

while transversion mutation sites were 14 or with ratio 2.3 

(Table 2). The number of these transition mutations is also 

found in mitochondrial DNA as reported Lakra et al. 

(2009). The results of their research suggested that the ratio 

of transition with transversion were 2.0 in the COI gene. 

Although the phenomenon of transition bias was a few 

little understood, it was suggested that there are two 

contributing factors. First, spontaneous mutations rate 

involving transitional mutations was much greater than 

transversion mutations. Second, purification selection 

affected the transition bias because transitional mutations 

are more likely to be synonymous than transverse 

mutations (Beckenbach et al. 1990). COI anoa gene 
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sequence showed less GC base composition than AT base 

composition. GC base compositions range from 45.6-

45.8%. In many cases in mammals, GC base composition 

was <50% (Martin 1995) and also found in other Bovidae 

species (Hassanin et al. 2009). Each taxon had different GC 

base composition but almost all show base composition 

<50%, for example in other mammal groups: Bos taurus 

33.1%, Homo sapiens 47.2%, Mus musculus 26.6%, (Perna 

and Kocher 1995). The difference in GC base composition 

probably related to metabolic physiology. 

Closed examination on the aligned DNA sequences of 

12 anoa samples (2 additional from GenBank) showed that 

there are 47 variable sites and 634 conserved sites (Table 

3). Of all the variable sites, there were unique sites that 

found specifically for each type of anoa. For example, 

lowland anoa has base A at position 60, while mountain 

anoa only has base G. These unique sites are at the position 

of 24, 30, 43, 60, and 384, with nucleotide T, A, G, A, and 

G recorded for the lowland anoa, while G, C, T, G, and A 

for the mountain anoa. These unique nucleotide sites can be 

used as diagnostic characters for discriminating the 

lowland and mountain anoa. Character-based identification 

method (in this case, nucleotide DNA) was one of the 

alternatives proposed in identification because they retain 

lost information inherently in distance approach (Kelly et 

al. 2007; Waugh et al. 2007). Such characters can be 

regarded as a simple diagnostic nucleotide, sND). Sarkar et 

al. (2002) used this term to describe the diagnostic 

character that consists of several shared nucleotide sites. 

ND, or character attribute (CA) in terms of Sarkar et al. 

(2002), has been widely applied in molecular identification 

studies in species (Wong et al. 2008; Wong et al. 2009; 

Kelly et al. 2007; Rach et al. 2008). In this study, the 

potential use of ND is for identification of anoa using COI 

barcode sequence, especially in conservation forensics. 

This identification method can also be a quick 

identification alternative for both types of anoa, providing 

the presence of ambiguity in the identification of distance-

based on BoLD.  

Genetic distance 

The genetic distance (Table 4) within and between 

lowland and mountain anoa (including GenBank 

sequences) was calculated based on the Kimura-2 

parameter (K2P). The lowest genetic distance for all 

specimens was 0.00, while the highest genetic distance was 

0.039 (Table 4). Interspecific genetic ranges between the 

two types of anoa ranged from the lowest (0.030) to the 

highest (0.039) with an average of 3.4%. The average 

interspecific genetic distance was lower than previous 

DNA barcode study in the Bovidae group, i.e., 6.3% (Cai et 

al. 2010). Cai et al. (2010) indicated that the high mean of 

genetic distance in the study (6.3%) was due to the high 

maximum genetic distance in the Bubalus bubalis group 

(12.44%). The classification of buffalo that consists of 4 

groups as a single species or not, is still being debated 

(Kochar et al. 2002). The problem of buffalo classification 

may because of ambiguity occurs when identifying 

mountain anoa using the BoLD system. 
 

Table 1. The top three BoLD identification result of anoa species 

with respective percentage similarity 

 

Name of 

specimens 

Putative 

species 

identification 

Top three BOLD 

identification result 

Similarity 

(%) 

Rambo Lowland anoa B. depressicornis 98.08 

  B. bubalis 97.22 

  B. bubalis bubalis 97.17 

Rita Lowland anoa B. depressicornis 98.08 

  B. bubalis 97.41 

  B. bubalis bubalis 97.02 

Manis Lowland anoa B. depressicornis 98.08 

  B. bubalis 97.41 

  B. bubalis bubalis 97.02 

Denok Lowland anoa B. depressicornis 97.64 

  B. bubalis 97.59 

  B. carabanesis  97.16 

Rocky Lowland anoa B. depressicornis 98.82 

  B. bubalis 97.96 

  B. bubalis bubalis 97.77 

Ambo Sidenreng Mountain anoa B. bubalis 97.78 

  B. carabanesis  97.4 

  B. depressicornis 96.76 

Indo Seko Mountain anoa B. bubalis 97.22 

  B. carabanesis  96.93 

  B. depressicornis 96.61 

Ambo Luwu Mountain anoa B. bubalis 97.78 

  B. carabanesis  97.4 

  B. depressicornis 97.05 

Indo Luwu Mountain anoa B. bubalis 97.78 

  B. carabanesis  97.16 

  B. depressicornis 96.61 

Indo Sidenreng Mountain anoa B. bubalis 97.96 

  B. carabanesis  97.4 

  B. depressicornis 97.05 

Rambo Lowland anoa B. depressicornis 98.08 

  B. bubalis 97.22 

  B. bubalis bubalis 97.17 

Rita Lowland anoa B. depressicornis 98.08 

  B. bubalis 97.41 

  B. bubalis bubalis 97.02 

Manis Lowland anoa B. depressicornis 98.08 

  B. bubalis 97.41 

  B. bubalis bubalis 97.02 

Denok Lowland anoa B. depressicornis 97.64 

  B. bubalis 97.59 

  B. carabanesis  97.16 

Rocky Lowland anoa B. depressicornis 98.82 

  B. bubalis 97.96 

  B. bubalis bubalis 97.77 

Ambo Sidenreng Mountain anoa B. bubalis 97.78 

  B. carabanesis  97.4 

  B. depressicornis 96.76 

Indo Seko Mountain anoa B. bubalis 97.22 

  B. carabanesis  96.93 

  B. depressicornis 96.61 

Ambo Luwu Mountain anoa B. bubalis 97.78 

  B. carabanesis  97.4 

  B. depressicornis 97.05 

Indo Luwu Mountain anoa B. bubalis 97.78 

  B. carabanesis  97.16 

  B. depressicornis 96.61 

Indo Sidenreng Mountain anoa B. bubalis 97.96 

  B. carabanesis  97.4 

  B. depressicornis 97.05 
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Table 2. Nucleotides variations, mutations types, and base composition of COI gene 

 

Species Conserved sites 
Variation 

Variable sites si sv 
Base composition (%) 

Pi s AT GC 

Gen COI         

 Bubalus depressicornis 655 18 8 26 19 7 54,2 45,8 

 Bubalus quarlessi 658 7 16 23 19 4 54,4 45,6 

 All specimen 634 36 11 47 33 14 54,4 45,6 

Note: Pi: Parsimony-informative site, s: singleton site, si: transition pair, sv: transversi pair dan R: ratio of number of transitions to 

number of transversions 

 

 

 

 

Table 3. Variable sites in anoa based on COI gene. Bold indicates the unique nucleotide variations of each anoa type.  

 

Specimen 

Variable sites 
                              1 1 1 1 1 2 2 

2 2 2 3 3 3 4 4 4 4 4 6 6 8 9 1 2 2 4 5 0 0 

1 4 9 0 2 5 2 3 4 6 7 0 3 1 0 4 0 4 7 9 4 7 

B.depreesicornis_Rambo T T G A C G A G G A C A G T G G C G A C T T 

B.depreesicornis_Rita . . . . . . . . A . . . . . T . . . . . . . 

B.depreesicornis_Rocky . . . . . . . . . . . . . . . C . . . . C . 

B.depreesicornis_Manis . . . . . T . . . . . . . . . . . A . . C . 

B.depreesicornis_Denok . . T . G T . . A G . . . . . C . A . . C . 

B.quarlessi_AmboSidenreng G G T C G . . T A G A G A . . C T A G . C . 

B.depreesicornis_IndoSeko G G T C G . . T A G A G A . . C T A G . C . 

B.depreesicornis_AmboLuwu . G T C . . T T . G A G A . . C T A G . C . 

B.depreesicornis_IndoLuwu . G T C G . T T A G G G A . . C T A G . C . 

B.depreesicornis_IndoSidenreng . G C C . . T T . G A G . C . C . . . T C C 

                                             

Specimen 

Variable sites  
2 2 2 2 2 2 2 2 3 3 3 4 4 4 4 4 5 5 5 5 6  
0 1 2 3 3 4 5 8 6 8 8 1 4 5 7 9 3 5 8 9 7  
8 0 2 1 7 6 2 5 0 1 4 4 4 9 4 2 4 9 3 1 3  

B.depreesicornis_Rambo G A T G C G T G C A G A T T C T G C C T C  
B.depreesicornis_Rita C . . . . . . . . G . . . . . . . . . . .  
B.depreesicornis_Rocky C . C A . . . A . G . . . . T C . . T C .  
B.depreesicornis_Manis . . . . T . . A . G . T . . T C A . . . .  
B.depreesicornis_Denok . . . . T . . A . G . T . . T C A . . . .  
B.quarlessi_AmboSidenreng C . . A . A C A . . A . C . T C . . . . .  
B.depreesicornis_IndoSeko C . . A . . C A . G A . C C T . . T . . .  
B.depreesicornis_AmboLuwu C . . A . A C A . . A . C . T C . . . . .  
B.depreesicornis_IndoLuwu C . . A . A C A . . A . C . T C . . . . A  
B.depreesicornis_IndoSidenreng C G . A . . . A T G A . . . T C . . . . A  

 

 

 

 
Table 4. Genetic distance in mountain and lowland anoa based on K2P method. Bold indicates the high genetic distances between two 

type of anoa.  

 

Specimen 1 2 3 4 5 6 7 8 9 10 11 12 

1 EF536351_B.depress                         

2 NC020615_B.depres 0.000                       

3 B.depress_Rambo 0.019 0.019                     

4 B.depress _Rita 0.019 0.019 0.006                   

5 B.depress _Rocky 0.012 0.012 0.016 0.016                 

6 B.depress _Manis 0.019 0.019 0.015 0.018 0.016               

7 B.depress _Denok 0.024 0.024 0.022 0.022 0.021 0.007             

8 B.quarles_AmboSidenreng 0.033 0.033 0.038 0.038 0.033 0.038 0.030           

9 B.quarles _IndoSeko 0.035 0.035 0.039 0.036 0.035 0.039 0.032 0.007         

10 B.quarles _AmboLuwu 0.030 0.030 0.035 0.038 0.030 0.035 0.033 0.006 0.013       

11 B.quarles _IndoLuwu 0.035 0.035 0.039 0.039 0.035 0.039 0.032 0.006 0.013 0.006     

12 B.quarles _IndoSidenreng 0.030 0.030 0.035 0.035 0.027 0.035 0.035 0.028 0.029 0.022 0.026   
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Table 5. Intra-species and interspecies genetic distances in 

mountain and lowland anoa based on the K2P method 

  

Genetic distance Bubalus 

depressicornis 

Bubalus 

quarlessi 

Gen COI   

Minimum intraspecies distance 0.0 0.6 

Maximum intraspecies distance  2.9 2.6 

Average of intraspecies distance 1.6 1.6 

Average of interspecies distance  3.4 

 

 

Interesting result was found in genetic distance between 

mountain and lowland anoa. The genetic distance between 

these two species of anoa was 3.4% (Table 5). This genetic 

distance is higher than 3% threshold for species-level 

separation as mentioned by Hebert et al. (2003) in the study 

of DNA barcodes, and also more than 2.5% threshold of 

species-level separation for mammals according to Tobe et 

al. (2010) for COI gene. Based on these higher distance, it 

was suggested that both types of anoa have high genetic 

differences and may have been even two different species. 

Reconstruction of phylogenetic trees 

A phylogenetic tree was reconstructed by including 

domestic buffaloes to clarify the relationship between anoa 

and domestic buffaloes regarding the ambiguity of BoLD 

results, as well as Boselaphus tragocamelus. Previous 

research by Pitra et al. (1997) suggested that anoa is 

included within the Boselaphus group based on the nuclear 

gene sequence. The phylogenetic reconstruction showed 

that there are three main monophyletic clades (Figure 2). 

Clade I consists of lowland anoa, Clade II consists of 

mountain anoa, and Clade III consists of domestic buffalo. 

Finally, results of this phylogenetic analysis have 

successfully clarified that the mountain anoa was separated 

from buffalo group and closer to the lowland anoa. In 

addition, the anoa was included within the Bubalus group, 

not within the Boselaphus group. These results support 

previous studies on grouping anoa into Bubalus group 

(Kakoi et al. 1994; Schreiber et al. 1995; Burton et al. 

2005). The branch supports between groups of anoa had a 

high percentage of posterior probability, bootstrap, and a 

high ML (1/100/100), thus supports the separation and 

polarity of two types anoa into different groups. These 

results were similar to the results of genetic distance 

analysis. A genetic richness that existed in anoa species had 

previously been reported by Sugiri and Hidayat (1996) who 

suggested that there were more than two species in anoa 

based on karyotype of wild anoa from mountains of Central 

Sulawesi. Three individuals from one region have a 

chromosome number of 2n = 46, yet another anoa had 2n = 

44. Recent research (Rozzi 2017) on fossil analysis 

suggested there were three species of anoa, B. grovesi, B. 

depressicornis and B. quarlesi.  

 

 

 
 

Figure 2. Reconstruction of anoa phylogenetic tree with the addition of domestic buffaloes, and Boselaphus tragocamelus from 

Genbank (node value from left-right: BA probability, NJ bootstrap, and ML percentage) 
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The endemicity of Anoa in Sulawesi island may be the 

results of adaptive radiation process, a process by which 

organisms diversify rapidly from ancestor species into 

many new forms. This may be implied by the results of our 

genetic study that discriminate anoa and the buffalo. Other 

similar studies include an examination of seven Sulawesi 

black ape morphotypes (Cynopithecus spp., Fooden 1969), 

tarsiers (Tarsius spp., Merker et al. 2010), birds (White and 

Bruce 1986), insects (Knight and Holloway 1990), 

gastropods (Glaubrecht and Rintelen 2008), and frogs 

(Setiadi et al. 2011). Such studies have provided examples 

and cases that animals have undergone adaptive radiation 

into various forms of species in Sulawesi.  

There are several genetic information and molecular 

taxonomy of anoa that have been identified in this study 

that can become baseline information for further studies. 

Conservation management of anoa can be carried out in 

captive breeding with the aim is to increase quantity and 

quality of breeding population/individual by correctly 

grouping animal units according to their species and 

genetic entity, as well as developing cryopreservation of 

germplasm for its sustainability. A broader genetic study is 

still needed to be carried out, especially by including more 

samples and the use of the more advanced molecular 

technique. 
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Abstract. Bramandito A, Subhan B, Prartono T, Anggraini NP, Januar HI, Madduppa HH. 2018. Genetic diversity and population 

structure of Siganus fuscescens across urban reefs of Seribu Islands, Northern of Jakarta, Indonesia. Biodiversitas 19: 1993-2002. 

Jakarta bay and Seribu Islands reefs have been affected by anthropogenic activities which causing them degraded and low quality of the 

ecosystem. However, lack of study has been conducted to investigate the effect on reef fish population due to change in ecosystem 

quality. Therefore, this study was undertaken to analyze genetic diversity and population structure of Siganus fuscescens population 

against heavy metals (Pb, Cd, and Cu) concentration across Jakarta Bay and Seribu Islands environmental gradient. Genetic diversity 

and structuring of S. fuscescens populations were determined using partial sequences of the mitochondrial cytochrome C oxidase I. 

Monitoring of heavy metal was measured by Atomic Absorption Spectroscopy (AAS) shows highest concentration of heavy metal (Pb, 

Cd, and Cu) was observed in the southern of Seribu Islands, closest to Jakarta. However, the diversity of haplotype obtained from each 

location indicates a varied range between 0,1429 (Pramuka Island, located in the center) and 0,75 (Untung Jawa Island, located in the 

south). Linear regression test reveals that Cu elements had a moderate effect (R2 adjusted = 0.665) to the nucleotide diversity of the fish. 

The study shows some populations of S. fuscescens have been affected by heavy metal and could be an alarm to manage this artisanal 

targeted fish in the Seribu Islands. 

Keywords: Genetic differentiation, heavy metal, population connectivity, reef fishes, urban ecosystem 

INTRODUCTION 

Fish is one of the income and protein sources for million 

people worldwide (Jennings and Polunin 1996; Allison and 

Ellis 2001; Badjeck et al. 2010). In contrary, social inequality 

combined with vast natality rate causes stressed condition 

in reef fish population, which further can affect the health of 

an ecosystem (Miller and Sweatman 2004; Wilkinson 2008; 

Burke et al. 2012). After being damaged, coral reef ability 

to recover depends on some factors, including the initial 

condition of the ecosystem and the extent to which the 

cause of the degradation has been eliminated. 

The number of ecological indicators has been 

developed to determine the condition of the aquatic 

ecosystem. This includes the indicator based on abundance 

of a specific species, e.g., Chaetodontidae family or other 

herbivorous fish (Crosby and Reese 1996; Kulbicki et al. 

2005; Hoey and Bellwood 2011); the relationship between 

reef fish and its habitat in coral reef (Madduppa et al. 2012, 

Madduppa et al. 2013; Nugroho et al. 2018) to the fisheries 

utilization as bio-indicator of heavy metal exposure 

(Authman et al. 2015). Low level of pollution exposure 

may not have any detrimental effect on fish. However, it 

can affect fish fertility that leads to population degradation 

(Madduppa et al. 2018). As the population number 

decreases, genetic shifting increases and allele will subside 

(Garza and Williamson 2001). Another impact from 

population degradation is the high number of 

heterozygosity and allele eradication as their potential to 

become homozygous increases (inbreeding depression) 

(Lande 1988). The decline in genetic diversity and 

heterozygosity can be observed in the bottlenecked 

population (England et al. 2003). Recent studies have 

indicated the impact of global climate change on genetic 

diversity of organisms (Bálint et al. 2011). 

The impact of pollution on fish length as one of the 

health parameters of fish populations began to be studied 

by Zhang et al. (2008) stating that the size of certain types 

of fish will have a negative correlation with pollutant 

content. Further research was conducted by Kousar and 

Javed (2015) where freshwater fish exposed to heavy 

metals for 30 days would have genetic damage. Spielman 

et al. (2004) reported that 77% of 170 taxa were threatened 

with lower heterozygosity than other taxa that were not 

threatened. Unawareness of the decline in genetic diversity 

occurs due to its long-term and invisible effects, compared 

to its visual impact on the population (Frankham 1995). 

Seribu Islands, a group of 110 islands located north of 

Jakarta with around 25 million inhabitants (Brinkhoff 

2011), represents an ideal area to assess the relative effects 

of multiple stressors on coral reef ecosystems. Here, a 

marked inshore-offshore gradient in heavy metal pollution, 

nutrient input (Williams et al. 2000; Cleary et al. 2006), 

coral cover (Fahlevy et al. 2017) and fish abundance 
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(Fahlevy et al. 2018) has been observed. 

In this study, the Siganus fuscescens fish genetic 

diversity and population structure in the Seribu Islands 

based on partial sequences of mitochondrial cytochrome 

oxidase I (COI) genes was investigated. The presence of S. 

fuscescens fish is essential because they categorized as a 

functional group as browsers, which is a group of 

herbivorous fish that play an important role in reducing 

overgrowth and shading by macroalgae (Woodland 2001; 

Hoey and Bellwood 2013).  

MATERIALS AND METHODS 

Study sites 

The location of Siganus fuscescens fish sampling was in 

the Seribu Islands region, North Jakarta, specifically in 

Kelapa Island (14 samples), Pramuka Island (14 samples), 

Panggang Island (13 samples), Semak Daun Island (16 

samples), Bokor Island (7 samples), Untung Jawa Island (8 

samples) and Damar Island (5 samples) (Figure 1). 

Sampling conducted in May 2015-October 2015 using gill 

nets and a total sample of 77 fish was obtained with an 

average length of 14.95 ± 2.26 cm and an average weight 

of 59.87 ± 28.26 g. Collected fish, water, and sediment 

samples were preserved in an ice box and transferred to the 

laboratory after weighed and measured by total length until 

further analysis. 

DNA extraction, amplification, and sequencing 

All DNA samples were extracted using RNeasy 96 Kit-

Qiagen derived from fish fin tissue that had been preserved 

using 96% alcohol. GeneRulerTM 1kb DNA Ladder Plus 

(Applied Biosystems) is used as a reference. Polymerase 

Chain Reaction (PCR) is performed with a 25 μL  total 

volume consisting of 2.5 μL  10x PCR buffer, 3 μL  25 mM 

MgCl2, 1 μL 2 mM dNTP, 1 μL every 10 mM forward and 

reverse primer, 0.1 μL (5 units/μL ) Taq polymerase 

(F100L Taq DNA), and 1 μL  (1-10 ng) extract DNA. The 

primer used in the PCR method is COI 501F 

5'CATGAAACCTCCYGCTATYTCC3 'COI 1286R 

5'TGTTGTGGGAAGAAAGTYAGRTT3' (Ivanova 2007). 

The optimum PCR condition used is the initial denaturation 

cycle at 94°C for 30 seconds followed by 35 repeated 

annealing cycles at 52°C for 35 seconds and an additional 

cycle at 70 for one minute. The finished PCR product was 

then assessed using electrophoresis gel made from 0.75 g 

of agarose 1%, buffer 75 ml and ethidium bromide dye 4 

μL then observed visually with UV light emitting device 

Protein simple-Alpha imager mini. All optimal PCR 

products are sent to the 1st Base company in Malaysia for 

sequencing.  

 

 

 

Figure 1. The localities (circles) of samples of Siganus fuscescens used for the analyses of population structure in Seribu Islands, 

Northern of Jakarta, Indonesia in this study 
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Water and sediment collection 

Preparation of subsamples and analysis were made 

according to FAO (1983), APHA (2012), and BSN (2011). 

Sediment samples from each station were collected using 

Ekman grab. The top 3-5 cm of each sediment samples 

were placed in a polyethylene plastic bag with a plastic 

spoon as much 500 g. Water samples were taken with the 

Van Dorn Water Sampler (PVC material with a capacity of 

2 liters) in the coating surface (approximately at a depth of 

50-100 cm). The water sample was then removed into a 

bottle of polyethylene sample with a volume of 1 liter and 

stored in an ice box.  

Water, sediment and muscles digestion 

Analysis of heavy metal content in seawater was done 

by adding 5 ml of HNO3 1 N and heated, aquadest were 

added into the solution and shaked until homogenous, 

followed by analysis using Atomic Absorption 

Spectroscopy (AAS) at 283.3 nm wavelength. Sediment 

was dried at 105°C for 5 hours and then cooled in a 

desiccator for 30 minutes. Meanwhile, muscle samples 

were dried at -40°C for 4 hours. The smoothed sample was 

then dissolved as much as 10 g with HNO3 and filtered 

using Whatman filter paper grade 1: 11 µm (medium flow 

filter paper). The mixture was then added aquadest up to 50 

ml volume and ready to be analyzed using AAS at 283.3 

nm wavelength. The obtained results were expressed as 

ppm.  

 

Data analysis 

The results of DNA sequencing were aligned and edited 

using MEGA version 6.0 software. Phylogenetic analysis 

was prepared using MEGA software version 6.0 (reference) 

with the Neighbor-Joining (NJ) method. The estimation of 

confidence interval used was a bootstrap analysis of 1000 

replications. Paired genetic distance test (D), haplotype 

diversity (h) and nucleotide diversity (π) were calculated 

using the DnaSP version 5.10 software (Rozas et al. 2003). 

Population differences from each population are assessed 

using the Fixation index (Fst) and Analysis of Molecular 

Variance (AMOVA) values were analyzed using 

ARLEQUIN v3.5 software (Excoffier and Lischer 2009). 

Data processing was carried out by descriptive analysis, 

non-parametric Spearman correlation, multivariable 

Principal Component Analysis (PCA), and linear enter and 

stepwise regression. Descriptive analysis and Spearman 

non-parametric correlations were conducted to determine 

trends in the value of heavy metal pollution and fish 

genetic diversity between locations. Meanwhile, PCA 

analysis was accomplished to ascertain the pattern of heavy 

metal pollution in different location groups, as well as the 

level of diversity of haplotypes and nucleosides. The 

grouping of locations for heavy metal pollution in the 

southern area (Untung Jawa, Damar, and Bokor), central 

(Pramuka and Panggang), and north (Semak Daun and 

Kelapa). Haplotypes diversity and nucleotide diversity are 

grouped based on the distribution of the highest and lowest 

values obtained, namely high, moderate, and low. Data 

transformation is done using the log function, to meet 

standard requirements in multivariable analysis and enter 

and stepwise linear regression. All statistical analyzes were 

performed using PAST Statistical Software v3.0 and SPSS 

ver 15 software (Hammer et al. 2001) 

RESULTS AND DISCUSSION 

Phylogenetic analysis and genetic diversity 

The total samples of Siganus fuscescens from seven 

locations were of 77 individuals, with a segment length of 

sequenced cytochrome C oxidase I (COI) of 433 base pairs 

(bp). A phylogenetic tree using the neighbor-joining (NJ) 

method (Figure 2) shows that there are five lineages; clade 

A, B, C, D and E (Figure 2). Clade A and Clade B have 

high Bootstrap Probability (BP) (> 50) while in Clades C, 

D and E have BP less than 50. Clade A and B form a 

monophyletic group that is only in one location. Clade C 

has a limited distribution area which is only found in two 

sampling locations. Clade D is spread more widely than C 

clade, where clade D can be found in six sampling 

locations. Clade E has the most extensive distribution that 

appears at each sampling location.  

There were nine haplotypes found in the Seribu Islands, 

two haplotypes were part of several fish populations that 

differed in geographic location, and seven other haplotypes 

were singletons. Semak Daun Island and Untung Jawa 

Island are locations where haplotypes found in S. 

fuscescens fish have more than three haplotypes (Table 1). 

The results of the Minimum Spanning Network (MSN) 

analysis of S. fuscescens haplotypes showed that the 

northern part of the Seribu Islands shared a haplotype with 

the southern region of the Seribu Islands on H_1 (Figure 

3). 

Population structure 

The diversity of haplotype (h) obtained from each 

location is varied ranged between 0.1429-0.7500. The 

highest haplotype value (0.7500) is recorded from Untung 

Jawa Island while the lowest value (0.1429) is observed in 

Pramuka Island. Akbar et al. (2014) suggest that the 

number of haplotypes and haplotype diversity would affect 

the genetic diversity of a population. The value of 

nucleotide diversity in each location has a range of 0.0003-

0.0142 with the lowest value found in Pramuka Island and 

the highest value is found in Kelapa Island. Based on the 

haplotype network and genetic diversity obtained from the 

study, Untung Jawa Island is considered as 'hotspot' for the 

S. fuscescens fish population in the Seribu Islands. 
The genetic distance value obtained from the analysis 

of the Kimura-2 parameter (K2P) method shows the range 

of genetic distance values of the S. fuscescens fish 

population is between 0.00036-0.01410 (Table 2). The 

genetic distance value is a value scale that describes the 

similarity of the base sequence in the CO1 gene fragment, 

the smaller the value, the closer the kinship relationship 

between the two populations (Nei 1972). The genetic 

distance value of fish populations between each island in 

this study indicates that the distance factor is one of the 

factors that cause differences in genetic distance values, the 
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farther the distance between populations, the higher the 

genetic distance value. It can be seen that the genetic 

distance value of the S. fuscescens fish population in 

Pramuka Island with Panggang Island has the smallest 

value where the positions of the two islands are close 

together (1.3 Km). Similar conditions are also found in 

most fish populations on each island, but some anomalies 

occur in the genetic distance value obtained in Kelapa 

Island with Damar Island. The position of Damar Island 

with Kelapa Island is separated by the farthest distance 

(44.7 Km) while the highest genetic distance value is found 

in the S. fuscescens fish population on Untung Jawa Island 

with Kelapa Island. The anomaly seems to occur due to the 

geographical position of Damar Island that was separated 

from the island group and the egg phase of S. fuscescens 

fish that are demersal or attached to an object (Duray and 

SAFDC, 1998) so that gene flow into the S. fuscescens fish 

population found Damar Island is insignificant. 
 

 

 

 

 
 

Figure 2. Neighbor-joining tree constructed from the mitochondrial cytochrome C oxidase I gene sequences (433 bp) of Siganus 

fuscescens. The evolutionary distances were calculated based on Kimura’s two-parameter model. Purple show clade A, Blue show clade 

B, Yellow show clade C, Green show clade D, and red show clade E 
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Analysis of Molecular Variation (AMOVA) using a 

confidence interval of 0.005 was used to observe the 

statistical differences in genetic distances between 

populations in the Seribu Islands (Table 3). The results of 

the analysis showed that there were significant differences 

between fish populations throughout the sampling location 

(Fst = 0.1066 and p-value = 0.00587). Other spatial 

comparisons were made by dividing the seven sampling 

locations into two groups: the northern of the Seribu 

Islands ( Kelapa Island, Pramuka Island, Panggang Island 

and Semak Daun Island) and the south of the Seribu Islands 

(Untung Jawa Island, Bokor Island and Damar Island). Fst 

value = 0.1461 and P = 0.0000 shows that there is a 

significant difference between the fish population on the 

North side of the Seribu Islands and the fish population on 

the South side of the Seribu Islands. Another AMOVA test 

was conducted by dividing fish sampling locations on 

populated islands, and uninhabited islands showed that 

there were no significant differences for these two groups 

(Fst = 0.0000 and p-value = 0.82698). Limited distribution 

has been observed in a small scale genetic population 

structure of coral reef organisms in the Spermonde 

Archipelago, Indonesia (Timm et al. 2017) 
 

Table 1. Genetic diversity of S. fuscescens accessed from the 

number of the haplotype (Hn), Haplotype diversity (h) and 

Nucleotide diversity (π). n shows the number of samples in each 

locality.  

 

Research site n 
Genetic diversity  

Hn h π 

Untung Jawa 8 4 0.7500 0.0080 

Damar 5 2 0.4000 0.0010 

Bokor 7 3 0.5238 0.0038 

Pramuka 14 2 0.1429 0.0003 

SemakDaun 16 3 0.2417 0.0006 

Panggang 13 2 0.1538 0.0004 

Kelapa 14 2 0.2747 0.0142 

 

 

 

 

Table 1. Genetic distance value of S. fuscescens fish populations in each study sites in Seribu Islands, Northern of Jakarta, Indonesia 

 

No Site 1 2 3 4 5 6 7 

1 Damar - - - - - - - 

2 Untung Jawa 0.00631 - - - - - - 

3 Bokor 0.00228 0.00675 - - - - - 

4 Pramuka 0.00065 0.00684 0.00225 - - - - 

5 Panggang 0.00059 0.00653 0.00215 0.00036 - - - 

6 Semak Daun 0.00072 0.00671 0.00229 0.00047 0.00046 - - 

7 Kelapa 0.00800 0.01410 0.00961 0.00769 0.00770 0.00782 - 

 

 

 

 

 

 

 

 
 

 

Figure 3. Minimum Spanning Network of Haplotypes for S. fuscescens based on the mitochondrial COI gene sequences (433 bp) 

identified in 77 individuals from seven geographic population of Seribu Islands, Northern of Jakarta, Indonesia. Each circle represents a 

unique haplotype, and pie slices represent a fraction of geographic populations, Size of circles is proportional to the number of 

individuals  
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Studies conducted by Masigno and Juino-Menez (2008) 

show similar results, where the S. fuscescens fish 

population was spatially structured on the eastern coast of 

the Philippines (FST = 0.03275; P <0.05). A similar result is 

also found in the study conducted by Yagishita and 

Yamaguchi (2016) in S. fuscescens fish populations in 

Okinawa waters and several islands in North Kyushu which 

had a significant difference (FST = 0.1817-0.2465; P = 

0.0000-0.001). Duray and SAFDC (1998) state that most 

fish eggs from the Siganidae family have properties 

attached to the substrate and the egg phase only lasts for a 

few days. This indicates that S. fuscescens have a closed 

genetic flow system. Theoretically, the population of biota 

with a closed genetic flow system has greater potential to 

reproduce inbreeding and indirectly affect the ability to 

survive against the pressure of ecology or polluted 

environmental conditions (Reusch et al. 2005; Hoffman 

and Parsons, 1991). 

Heavy metal concentration 

The heavy metal elements contained in the sediments at 

each sampling site of S. fuscescens have a pattern that is 

decreasing from the Southern side to the northern Seribu 

Islands. The highest concentration of Pb was observed in 

Bokor Island which is geographically located on the 

southern Seribu Islands, and the lowest level is on the 

North side of the Seribu Islands, Kelapa Island. A similar 

pattern is still seen in Cu metal elements, where the highest 

concentration was found on the southern part of the Seribu 

Islands, Untung Jawa Island and decreases towards the 

northern part of Seribu Islands, Kelapa Island. Bokor Island 

has the highest Cd concentration compared to the level of 

Cd element in other locations. Kelapa Island is the location 

with the lowest concentration of heavy metal elements 

compared to the other seven islands.  

The level of heavy metals in muscle samples of S. 

fuscescens tends to be fluctuating in seven study sites. Cu 

metal is an element that was found in most muscle samples 

with the highest concentration found in samples from 

Panggang Island, and the lowest concentration was found 

in samples from Kelapa Island. Cd is only found in the 

muscle sample from Bokor Island and Semak Daun Island 

with a concentration value of 0.37 ppm and 1.6 ppm 

respectively. The third metal element, Pb, was only found 

in muscle samples from Untung Jawa Island at the 

concentration of 0.19 ppm and Pramuka Island at 1.23 

ppm. 

Correlation between genetic diversity and heavy metal 

concentration 

The results of the Spearman correlation analysis show 

that the overall values of heavy metals in waters and 

sediments are linear, indicating that the three heavy metal 

elements come from similar sources. The determinant 

heavy metal element can be seen from the results of the 

main component analysis with the variables of heavy 

metals contained in the waters and the sediment (Figure 7). 

The main component analysis shows that there are two 

sedimentary metals (Pb and Cu) that differ between the 

sampling points of the study (99.5%). Meanwhile, Cd 

sediment differentiates by (0.5%), or the effect is least 

significant. Other components only affect 0.1%. This 

shows that significant differences between research points 

are two types of metals found in sediments. PCA analysis 

shows that sampling points in the southern region (Untung 

Jawa, Damar, and Bokor) tend to have higher levels of Pb 

and Cu compared to sampling points in the central region 

(Pramuka and Panggang) and the northern region (Semak 

Daun and Kelapa). Regarding this, it can be suggested that 

coastal area of Jakarta suspected to be the source of heavy 

metal pollution in Seribu Island sediment.  

Results obtained from Spearman correlation shows that 

heavy metals content tested in fish muscle does not have a 

significant impact on heavy metals content found both in 

waters and sediment (Table 5). However, result from PCA 

indicates the higher concentration of heavy metals found in 

fish sampled from a middle and southern area of Seribu 

Island compared to samples obtained from northern Seribu 

Island (86.2%) (Figure 8). 
 

Table 2. AMOVA results for genetic diversity in S. fuscescens 

fish populations in the Seribu Islands 

 

All samples 
Percentage of 

variation 
Fst P value 

Inter population 10.66 0.10662 0.00587 

Intra population 89.34   

 

North and south 

   

Inter population 14.61 0.14607 0.00000 

Intra population 85.39   

 

Conservation and non-conservation 

Inter population 14.61 0.14607 0.00000 

Intra population 85.39   

 

Inhabited and uninhabited 

Inter population -1.31 -0.01314 0.82698 

Intra population 101.31   

 

 

Table 4. Spearman (R) correlation was used as a non-parametric 

statistical test to determine the tendency between two aligned 

values. If R <0.5 is weak, 5> R> 8 is moderate, and R> 8 is strong 

 

Sample 
Spearman 

correlation 

Waters Sediment 

Pb Cd Cu Pb Cd Cu 

Waters  Pb 1 .893 

(**) 

.857 

(*) 

.857 

(*) 

.786 

(*) 

.929 

(**) 

 Cd .893 

(**) 

1 .964 

(**) 

.964 

(**) 

.929 

(**) 

.929 

(**) 

 Cu .857 

(*) 

.964 

(**) 

1 1.000 

(**) 

.964 

(**) 

.964 

(**) 

Sediment Pb .857 

(*) 

.964 

(**) 

1.000 

(**) 

1 .964 

(**) 

.964 

(**) 

 Cd .786 

(*) 

.929 

(**) 

.964 

(**) 

.964 

(**) 

1 .929 

(**) 

 Cu .929 

(**) 

.929 

(**) 

.964 

(**) 

.964 

(**) 

.929 

(**) 

1 

Note: (*) Correlation is significant at the 0.05 level (2-tailed). (**) 

Correlation is significant at the 0.01 level (2-tailed) 
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Figure 4. The result of dissolved heavy metal elements of Lead (Pb), Cadmium (Cd) and Copper (Cu) at each sampling location of S. 

fuscescens in the Seribu Islands, Northern of Jakarta, Indonesia 

 

 

Pulau 
Untung Jawa

Pulau Damar Pulau Bokor
Pulau 

Pramuka
Pulau Semak 

Daun
Pulau 

Panggang
Pulau Kelapa

Timbal (Pb) 1.5735 1.3874 1.6845 0.7427 0.3485 0.6783 0.0976

Kadmium (Cd) 0.3674 0.2689 0.4396 0.2867 0.1868 0.2136 0.1646

Tembaga (Cu) 0.7845 0.6894 0.7438 0.4786 0.3658 0.4387 0.2975
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Figure 5. Results of heavy metal elements of lead (Pb), cadmium (Cd) and copper (Cu) in sediments at each sampling location of S. 

fuscescens in the Seribu Islands, Northern of Jakarta, Indonesia 

 

 

 

Pulau Untung 
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Pulau 

Panggang
Pulau Kelapa

Timbal (Pb) 0.19 0 0 1.23 0 0 0

Kadmium (Cd) 0 0 0.37 0 1.6 0 0

Tembaga (Cu) 0 4.49 5.22 4.85 2.81 5.6 0.21
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Figure 6. Results of heavy metals elements of lead (Pb), cadmium (Cd) and copper (Cu) in muscle samples of S. fuscescens in the Seribu 

Islands, Northern of Jakarta, Indonesia 
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Figure 7. Principal Component Analysis (PCA) of dissolved Pb, 

Cd, and Cu with heavy metals contained in sediment. Study sites 

are categorized into three groups: the southern area (Untung Jawa, 

Damar, and Bokor), the middle area (Pramuka and Panggang), 

and the northern area (Semak Daun and Kelapa) 

 

 
Figure 8. Principal Component Analysis (PCA) of dissolved Pb, 

Cd and Cu with heavy metals contained in fish muscle. Study 

sites were categorized into three groups, the southern area 

(Untung Jawa, Damar, and Bokor), the middle area (Pramuka and 

Panggang), and the northern area (Semak Daun and Kelapa)  

 

 

 
A B 

 

Figure 9. Principal Component Analysis (PCA) of heavy metals contained in fish muscle with haplotype diversity (A) and nucleotide 

diversity (B). Study sites are categorized into three groups; they are the southern area (Untung Jawa, Damar, and Bokor), middle area 

(Pramuka and Panggang), and northern area (Semak Daun and Kelapa)  

 

 

 

Table 5. Spearman (R) correlation is used as a non-parametric statistical test to determine the tendency between two aligned values. If R 

<0.5 is weak, 5> R> 8 is moderate, and R> 8 is strong 

 

Sample 
Spearman 

correlation 

Waters Sediment 

Pb Cd Cu Pb Cd Cu 

Muscle Pb 0.401 0.267 0.267 0.267 0.445 0.401 

 Cd -0.045 0.223 0.045 0.045 0.045 -0.089 

 Cu -0.214 0.036 0.179 0.179 0.214 0 

 

 
 

 

Based on the description, haplotype and nucleotide 

diversity data are not showing the similar pattern with 

heavy metal contents in waters and sediment. However, 

heavy metals level found in fish muscle affects the genetic 

diversity from individual fish. This can be reviewed from 

the result of PCA of heavy metal pollution level on 

Haplotype diversity (A) and nucleotide diversity (B). The 

value of haplotype component 1 of 91.9% and nucleotide 

of 88.4% shows that bio-accumulation of heavy metals 

level becomes the major component in this study which 

plays an important role in haplotype and nucleotide 

diversity. Component 1 is affected by Cu value contained 

in muscle. This leads to the assumption that Cu elements 

affect the haplotype and nucleotide diversity more, 

although elements that are found in high concentration in 

waters and sediments is Pb. Quantification of bio-
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accumulation of Cu level as a determinant of fish genetic 

can be seen in stepwise linear regression analysis. 

Stepwise linear regression analysis does not show the 

independent variable of Pb, Cd, and Cu concentration level 

as a significant determinant to haplotype diversity. 

Comparison of linear regression with the overall 

independent variables (linear regression enter) gets the 

value of determination (adjusted R2) of 0.302 (Table 6), 

which shows that the determination of bioaccumulation as 

a predictor of haplotypes is low. However, stepwise linear 

regression testing (linear regression that only takes 

variables that have a significant effect on P <0.05) shows 

that Cu levels become a strong determinant of nucleotide 

diversity. 

Determination value (adjusted R2) of 0.665 from Cu's 

bioaccumulation level on nucleotide diversity showed that 

Cu had a moderate influence on the nucleotide genetic 

diversity of fish (Table 7). This indicates that although Cu 

is not a major heavy metal pollutant in Jakarta bay waters, 

bioaccumulation in fish can significantly affect the genetic 

diversity of fish found in these waters.  
 

 

Table 6. Enter linear regression test with dependent variable 

haplotype and bioaccumulation of Pb, Cd, and Cu, as independent 

 

Coefficient (a) 

Model 

Unstandardized 

coefficients 

Standardized 

coefficients 
t Sig. 

B SE Beta B SE 

1 (Constant) .530 .189  2.809 .067 

 Pb_Daging -.137 .244 -.284 -.560 .614 

 Cd_Daging -.083 .183 -.225 -.452 .682 

 Cu_Daging -.037 .046 -.400 -.813 .476 

a Dependent Variable: Haplotype 

 

Model summary 

Model R 
R 

square 

Adjusted R 

square 

SE of the 

estimate 

1 .550 (a) .302 -.395 .2602665 

a Predictors: (Constant), Cu_Daging, Cd_Daging, Pb_Daging 

 

 

 

 

Table 7. Stepwise linear regression test with nucleotide-

dependent variable and bioaccumulation of Pb, Cd, and Cu, as the 

independent 

  

Coefficient (a) 

Model 

Unstandardized 

coefficients 

Standardized 

coefficients 
t Sig. 

B SE Beta B SE 

1 (Constant) .010 .002  4.390 .007 

 Cu_Daging -.002 .001 -.816 -3.151 .025 

a Dependent Variable: Haplotype 

 

Model summary 

Model R 
R 

square 

Adjusted R 

square 

SE of the 

estimate 

1 .816 (a) .665 .598 .0033473 

a Predictors: (Constant), Cu_Daging, Cd_Daging, Pb_Daging 

 

In conclusion, there were restrictions to gene flow even 

on very small geographic scales in S. fuscescens. Larval 

behavior, motility and competition for suitable habitat in 

the studied organisms may lead to more influence of 

biological factors for dispersal. Source of heavy metal 

pollution in Seribu Island assumed to come from similar 

sources. Heavy metal pollution might affect genetic 

diversity in Seribu Islands, in addition to other factors such 

as fishing activities, adsorption mechanism, and influence 

of the season.  
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Abstract. Prasetyo B, Chikmawati T, Walujo EB, Amzu E. 2018. Ethnoecology: The traditional landscape of Osing Tribe in 

Banyuwangi, Indonesia. Biodiversitas 19: 2003-2009. There is a concern that the decreasing area of Osing tribe in Banyuwangi may 

cause the decline of the farming culture that has been rooted in their daily lives. This research aimed to analyze the traditional 

knowledge of Osing tribe in the management and utilization of landscape units generated from farming activities and the benefit 

assessment of landscape units based on gender perception. The research used explorative method with emic and ethic approaches. The 

importance of each landscape element is assessed through MLA (Multidisciplinary Landscape Assessment) by scoring with Pebble 

Distribution Method (PDM) in Focus Group Discussion (FGD). The respondents consisted of females and males with three age 

categories: 11-17 years, 18-45 years, and ≥ 46 years. The results of PDM showed that the Osing tribes in the three villages of study sites 

considered their yards as the most important landscape unit in their lives (PDM = 42.82), followed by paddy field (PDM = 26.05), 

garden (PDM = 16.12), and finally field (PDM = 15.01). Based on gender perception, a house with a yard had higher importance (PDM 

= 45.09) in female’s perception than in male’s (PDM = 40.55). Three canopy strata or layerswere found in village landscapes, namely 

yard, paddy field, garden, and field. 

Keywords: Age, emic and ethic, gender, PDM, FGD 

INTRODUCTION 

The word landscape in the geographical context has a 

comprehensive meaning and utmost importance because 

the formation of a region both physically and socially 

involves many integrated components including community, 

justice, law, economy, and politics (Olwig 1996). Due to 

the complexity and integration of the components, 

landscape can be interpreted as an environmental unit 

which is a concept of holistic and common space, much 

broader than the sum of its constituents (Sheil et al. 2002). 

Physically, the manifestation of the complexity of the 

relationship can be composed of plain, soil, vegetation and 

land use, or in fact landscape unit is considered as a 

cultural framework. 

The complexity and integration of the environmental 

components are recently considered as the basis of 

ethnoecology in analyzing cultural framework of traditional 

society on various spatial patterns of landscape unit or 

ecosystem as the result of interaction with the environment. 

The reality and realization of the cultural framework also 

exist in Osing tribe in Banyuwangi, in the easternmost of 

East Java Province. The existence of the landscape units 

assembled in a rural landscapeis the result of interaction 

between the community and natural environment. 

The Banyuwangi District is famous for its granary due 

to its fertile soil; therefore, the indigenous people of the 

Osing tribe live prosperously. The people of Osing tribe are 

believed to be the descendants of the Blambangan kingdom 

troops who are also famous as competent and tough 

farmers (Sutarto 2006). Previously, the distribution area of 

Osing tribe included 24 sub-districts, but now it decreases 

to 9 sub-districts (Sutarto 2006). The reduction of Osing 

tribe area is assumed to decrease the traditional value of 

farming which is rooted in their lives. In the environmental 

management, men and women naturally have different 

experiences in dealing with their problems, and as a result 

they will produce different knowledge and make different 

decisions, especially in handling a landscape unit with its 

biodiversity components.  

In the rapid growth of science and technology 

nowadays, Osing tribe community still keeps the custom 

and tradition built hundreds of years ago. Each landscape 

unit managed by Osing tribe community are multifunction 

ecosystems, the association of these landscape units 

illustrates the rural landscape, an important platform for 

integrating biological and cultural diversity for human 

welfare (Agnoletti and Rotherham 2015). Therefore, the 

eological study of village landscapes is expected to be the 

basic reference in understanding the related aspects in 

detail that is associated with the natural resources and 

biodiversity (Raynor and Kostka 2003). The aims of this 

study were to analyze the traditional knowledge of Osing 

community in managing and utilizing landscape units or 
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ecosystem generated from farming activities, and analyzing 

the beneficial value of each landscape unit based on gender 

perception.  

MATERIALS AND METHODS 

The research was conducted in November 2015 to 

December 2016 in the villages of Kemiren and Taman 

Suruh of Glagah Sub-district, and Jambe Sari village of 

Giri Sub-district, Banyuwangi District, East Java Province, 

Indonesia (Figure 1). The main criteria for the selection of 

research locations were: (1) most of the villagers belong to 

Osing tribe, and (2) there are many traditional and village 

elders who understand the history of Osing tribe. Kemiren 

village represented a village which still upholds and 

consistently performs various rituals and customs inherited 

from their ancestors, while Taman Suruh and Jambe Sari 

villages represented villages which rarely perform rituals 

and customs.  

The research used an explorative method based on the 

emic and ethic approaches. Through the system of 

knowledge and cognition, the knowledge which is 

conceptual, categorical, coded, and cognitive rules (emic) 

of the society was proved through the principle of science 

which is gained from scientific background (ethic) (Rosa 

and Orey 2012). The importance of each landscape element 

was collected and assessed using MLA (Multidisciplinary 

Landscape Assessment) (Boissiere et al. 2007) by scoring 

exercise using the Pebble Distribution Method (PDM) on 

the Focus Group Discussion (FGD) (Sheil et al. 2002). The 

PDM data were collected from 10 key informants and 396 

respondents, consisting of females and males (Vodouhe et 

al. 2010; White Jr. et al. 2011) with three age categories i.e. 

11-17, 18-45, and ≥ 46 years old (Dolisha et al. 2007; 

Guthiga 2008; Schaich 2009). The selection of key 

informants was based on the snowball sampling technique, 

while the respondents were selected based on the purposive 

sampling technique (Neuman 2003). The vegetation 

analysis was conducted by measuring directly every area of 

a landscape unit which was used as a research plot by 

referring to the area size in tax letter (SPPT 2015). The 

measured parameters were density, frequency, and 

dominance of plant species, and Importance Value Index 

(IVI), determined by calculating the relative density and 

relative dominance (Cox 2002).  

RESULTS AND DISCUSSION 

The general perception of Osing community towards 

environment  

The environment for Osing community is a unity that 

is closely related to their daily lives, because it provides an 

area to settle and do all social and cultural activities, and 

productive land in relation to economic business of its 

owner. The result of interaction between Osing community 

and the environment through farming activities is 

manifested in four kinds of landscape units namely yard, 

paddy field, garden, and field. However, the community 

also generates cemetery landscape unit as complement of 

their needs of life cycle.  
 

 

 

 

 
 

 

Figure 1. The location map of the study area in Banyuwangi District (Bakosutarnal 2006) 
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The assessment result using the PDM on all landscape 

units around Osing community is presented in Figure 2. In 

general Osing community in Kemiren, Taman Suruh, and 

Jambe Sari villages stated that their yards were the most 

important landscape unit in their lives followed by paddy 

field, garden, and field. 

 The PDM score of yard landscape unit was the highest 

because the community has a perception that they may 

plant various plant species such as vegetables, herbs, fruit 

trees, ornamental plants, and medicinal plants in their yard 

easily. By planting many plant species, they hope that they 

are able to suffice the nutrient of their families, save 

expenses, and increase their income (Garrity 2004). The 

Osing tribe realizes that even though they are good in 

farming, the agricultural production cannot be their major 

income for supporting their daily lives, so,the paddy field 

landscape is their second choice for increasing their income 

(Figure 2).  

Osing tribe community, both males and females, 

considers yard, paddy field, garden, and field as landscape 

units that function as supporting resources of their life. The 

result of PDM valuation on the importance of each 

landscape unit (Table 1) shows that in the yard landscape 

fruits had the highest PDM value, followed by ornamental 

plants, vegetables and herbs, and medicinal plants. The 

high score of fruit is reasonable since fruits have the second 

highest contribution to the income after paddy. Several 

fruit species that give an additional income for the 

community are two banana cultivars (pisang lempeneng 

and pisang sobo), durian, coconut, langsat, jackfruit, 

mango, and mangosteen. Pisang lempeneng is a favorite 

banana grown by Osing society in Glagah Sub-district, 

Banyuwangi District (Hapsari et al. 2015). Ornamental 

plants had the second highest PDM value after fruits. It 

indicates that Osing tribe has strong beauty flavor towards 

ornamental plants; therefore, they grow them in their yards. 

They use vegetables, herbs, and medicinal plants mostly for 

cuisine and medicines for some diseases (Rao et al. 2004).  

The PDM value of paddy in paddy field was very high 

(PDM= 53), followed by that of construction material 

(PDM=11.9), while the score of other plant species was 

relatively low. Paddy as main food source for Osing 

community becomes an asset that has high value, thus, it  

becomes irreplaceable species, and cannot be substituted by  

other species such as corn, cassava, yam, and lesser yam. 

Coconut trees are widely cultivated in paddy bunds by 

Osing community especially the bunds closed to the 

garden. A small part of the community use the coconut 

trunks for construction materials such as rafter, batten, door 

post, and window post (Table 1). 

Garden and field become the highest landscape choice 

for Osing community to get fruits, as indicated by the PDM 

value of fruits in both landscapes which was higher than 

the others’. Fruits contribute the biggest income to each 

family in Osing community. Durian, coconut, banana, and 

mangosteen often become the main fruits to support their 

economy since they sell all the fruits to the fruit collectors 

and also in traditional markets. 

 In their social life, Osing tribe cannot be separated 

from their daily needs, their secondary needs, i.e. the needs 

of alternative staple food, medicine, fire wood, and 

materials for rituals and custom. All materials to fulfill the 

secondary needs are spread in four landscape units. They 

are not primary needs but should be fulfilled and their 

availability should be sustained. The existence of the 

landscapes is very important in the three villages and 

expected to be maintained so that the areas will not 

decrease or switch functions (Dale et al. 2000; Fischer et al. 

2012), so villages indirectly become the source of natural

  

 

 
Figure 2. Result of PDM assessment on benefits of landscape 

units by all Osing tribe society  

 

 

 

Table 1. The results of PDM assessment on landscape units as the source of needs based on gender perspective  
 

 

Source of need 

Landscape unit 

Yard Paddy field Garden Field 

M F M F M F M F 

Staple food 10.26 10.01 56.11 50.08 11.20 7.81 14.84 12.70 

Fruits  37.23 32.86 8.12 10.81 40.44 39.55 34.82 36.38 

Vegetables & herbs 13.00 16.90 6.83 8.63 8.12 9.19 15.28 14.59 

Ornamental plants 17.69 17.42 2.16 3.08 4.54 4.80 6.86 5.96 

Medicinal 7.24 7.27 3.87 3.72 5.55 5.32 5.87 6.61 

Fire wood  5.12 5.42 6.73 6.10 8.35 9.35 7.67 8.18 

Building construction  6.13 5.72 11.86 11.99 17.28 18.77 10.22 10.35 

Custom ritual 3.33 4.40 4.32 5.61 4.50 5.22 4.44 5.23 

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

Note: M: Male F: Female  
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resource, to strengthen the existing food security. The 

integration of house and plants in each landscape unit 

makes the complexity of social economy, cultural, and 

ecological functions (Farina 2000; Garrity 2004). Social 

economy and cultural functions are shown in planted 

species and their benefit while ecological function is the 

results of the structure and composition of plant community 

in each landscape unit.  

Referring to ecosystem concept, the description of plant 

community structure found in each landscape unit shows 

the species composition and their abundance. Four 

vegetation analyses of all landscape units in the three 

villages were conducted and the results are presented in 

Tables 2-5. Table 2 shows that pisang lempeneng, pisang 

ketip, rambutan, and rose apple are the fruit species having 

high importance value in yard. Four fruit species are 

intentionally planted for three reasons i.e. the convenience 

in cultivating, the delicious taste, and the high economic 

value. Bananas have many benefits (Hapsari et al. 2015) 

and Osing community often uses banana for ritual and 

custom activities. Its leaves and fruit are used in 

ceremonies for renovating and building a house, and birth 

(Kennedy 2009).  

 Paddy landscape is the main source of staple food, i.e. 

paddy (Oryza sativa) and had higher IVI than the other 

species (Table 3). It shows that paddy is abundant and 

evenly distributed in three villages.  

Those data also give information that farmers are 

dependent on their agricultural products, and they are 

competent in the correct farming technique by giving 

priority to natural materials to fertilize their paddy fields, 

but they also use synthetic fertilizers. Farmers from 

Kemiren village are famous among Banyuwangi 

community for their expertise in farming, and their 

expertise is often used by neighboring villagers.  

Table 4 gives information on plant species that 

dominated the garden landscape in the three villages. 

Coconut (Cocos nucifera) and durian (Durio zibethinus) 

were the species which had high value and were evenly 

distributed in the garden of Osing community. It is believed 

that both species contribute to fulfill the daily needs; 

therefore, the community maintains the species better than 

others.  

Pisang sobo (Musa x paradisiaca triploid ABB) had 

high IVI value in Kemiren and Taman Suruh villages, 

while in Jambe Sari village it had relatively low IVI. 

Bambu benel (Gigantochloa atter) also had high IVI value 

in Kemiren dan Jambe Sari villages, but in Taman Suruh 

village it had low value. Referring to the benefits of both 

species, they had high value in their group because pisang 

sobo is delicious and bambu benel has high quality, i.e., 

high durability, to be used as building construction 

material. Their low IVI in the other two villages triggered 

curiosity regarding Jambe Sari and Taman Suruh 

community’s perception towards cultivation of both plant 

species. Several garden owners mentioned that they 

intentionally planted bamboo species including bambu 

benel in order to protect their landscape against landslide 

caused by rainfall (Gadgil et al. 1993; Tardio et al. 2017). 

 

 

 

 

 

Table 2. Plant species with the highest Importance Value Index (IVI) in the yard landscape of the three villages  

 

Local name Scientific name 
Kemiren Taman Suruh Jambe Sari 

IVI IVI IVI 

Pisang lempeneng Musa x paradisiaca triploid AAB 6.59 5.52 5.33 

Pisang ketip Musa acuminata 5.64 4.31 4.94 

Rambutan Nephelium lappaceum  5.26 5.12 6.06 

Jambu air Syzygium aqueum 5.07 4.17 4.75 

Bunga sore Mirabillis jalapa  4.90 3.09 4.56 

Katuk Aalius androgyna 4.50 3.77 2.73 

Mangga Mangifera indica  4.89 3.68 4.56 

 

 

 

 
Table 3. Plant species with the highest IVI in the landscapes of the three villages  

 

Local name Scientific name 
Kemiren Taman Suruh Jambe Sari 

IVI IVI IVI 

Padi Oryza sativa 108.90 108.28 109.03 

Gundo Cleome rutidosperma 9.10 8.34 9.09 

Kelapa Cocos nucifera 9.10 8.34 9.09 

Pisang sobo Musa x paradisiaca triploid BBB 9.09 8.33 9.09 

Pisang ketip Musa acuminata 9.09 6.95 6.06 

Rumput teki Cyperus rotundus 7.58 8.33 6.06 

Pisang lempeneng Musa x paradisiaca triploid AAB 4.55 8.33 9.09 
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Table 5 gives information that pisang sobo had high IVI 

value in field in the three villages, and the value was even 

higher in Jambe Sari village. The condition shows that the 

community prefers a field to be the best alternative besides 

a garden for cultivating pisang sobo, although, the 

treatment is less intensive due to temporary use of land.  
The distribution of dominant species in field landscape 

in each village was quite different, as seen from the IVI. 

The field in Kemiren village was dominated by spinach, 

pisang sobo, pisang lempeneng, pegagan and rumput pait. 

In Taman Suruh village, the species that dominated the 

field were, among others, spinach, pisang sobo, meniran, 

kemangi, pisang ketip, while in Jambe Sari village the field 

was dominated by pisang sobo, pisang lempeneng, pisang 

emas, papaya, and guava. These data indicate that the use 

of field to build a house or other constructions has lessened 

the interest of owners in cultivating plants, so the 

cultivation is less intensive and unplanned. However, the 

productions from the field still become their main income.  

Overall, the plant community structure in four 

landscape units show the information on the availibity of 

good food reserve of both fruits and staple food in the three 

villages that can be utilized by the community. Maintaining 

the area and the use of four landscape units in the three 

villages becomes local wisdom in Osing tribe. The 

mechanism applied in the community is by maintaining 

good perception towards high self-esteem of paddy field 

and garden owners, so they rarely sell their paddy fields 

and gardens.  

The vertical stratification and the composition of 

vegetation in each landscape unit is part of ecological 

function of the complex integrated house and cultivated 

plants. Based on the vegetation, each landscape unit has 

different vertical stratification and species composition 

(Figure 3).  
Except in paddy field landscape unit, the highest 

stratum (layer) of the yard landscape unit, garden and field, 

was dominated by hardwood tree species such as durian, 

petai, coconut, mahagony, jackfruit, and bendo. The middle 

layer was occupied by many trees and shrubs from many 

species such as banana, guava, star fruit, mango, and 

cheese fruit. On the lowest layer, there were mixed herbs 

and climbing plants such as vegetables, ornamental plants, 

herbs and spices, medicinal plants; kemangi, spinach, 

katuk, garden balsam, bougenville, ginger, and screw pine. 

The highest layer in paddy field landscape unit was 

occupied by coconuts while the lowest layer was 

dominated by paddy (Oryza sativa). The complex vertical 

stratification and diversity of plant species in each 

landscape unit express the mutual adaptation between 

human and their environment in local scale (Baiamonte et 

al. 2015).  
  

 

 

 

Table 4. Plant species with the highest IVI in the garden landscape of the three villages 

 

Local name Scientific name 
Kemiren Taman Suruh Jambe Sari 

IVI IVI IVI 

Pisang sobo Musa x paradisiaca triploid BBB 7.02 5.71 3.93 

Bambu benel Bambusa thouarsii 6.57 2.59 5.53 

Kelapa Cocos nucifera 6.40 5.76 6.33 

Durian Durio zibethinus 5.83 5.52 5.26 

Sengon Albizia chinensi 5.66 3.25 2.79 

Bambu ori Bambusa arundinacea 3.62 5.08 1.56 

Langsat Lansium domesticum 4.18 4.39 4.17 

Pisang lempeneng Musa x paradisiaca triploid AAB 5.20 4.35 5.90 

Nangka Artocarpus heterophyllus  2.88 2.49 4.73 

 

 

 
 

Table 5. Plant species with the highest IVI in the field landscape of the three villages  

 

Local name Scientific name 
Kemiren Taman Suruh Jambe Sari 

IVI IVI IVI 

Bayam Amaranthus gracilis  7.51 5.88 5.11 

Pisang sobo Musa x paradisiaca triploid BBB 6.72 7.79 8.47 

Pisang lempeneng Musa x paradisiaca triploid AAB 6.40 5.65 6.37 

Pegagan Centella asiatica  6.40 5.15 0 

Rumput pait Axonopus compressus  6.31 0 3.85 

Meniran Phyllanthus urinaria  5.52 5.88 6.37 

Kemangi Ocimum basilicum  4.67 5.74 4.28 

Pisang ketip Musa acuminata 5.27 5.69 5.49 

Pisang emas Musa acuminata diploid AA 5.55 4.55 7.88 

Pepaya Carica papaya  4.98 4.55 7.29 

Jambu biji Psidium guajava  4.98 4.32 7.00 
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Figure 3. Schematic diagram of vegetation profile on each landscape unit from representative sample research plots 

 

Description of figure     
1. Mangifera indica  

2. Pterocarpus indicus  

3. Nephelium lappaceum  

4. Psidium guajava  

5. Annona muricata  

6. Averrhoa carambola  

7. Manilkara kauki  

8. Morinda citrifolia  

9. Pleomele fragrans  

10. Moringa oleifera  

11. Parkia harbesonii  

12. Cordyline terminalis  

 

13. Syzygium aqueum  

14. Sesbania grandiflora  

15. Citrus aurantium  

16. Rosa sp.  

17. Musa acuminata 

18. Melastoma affine  

19. Aglaonema pictum  

20. Codiaeum variegatum  

21. Cocos nucifera  

22. Musa paradisiaca 

23. Oryza sativa  

24. Gnetum gnemon  

 

25. Morinda citrifolia 

26. Artocarpus heterophyllus  

27. Leucaena leucocephala  

28. Ocimum basilicum  

29. Solanum melongena  

30. Aalius androgyna  

31. Amaranthus gracilis  

32. Durio zibethinus  

33. Swietenia mahagoni  

34. Artocarpus elasticus  

35. Cananga odorata  

36. Garcinia mangostana  

 

37. Albizia chinensis  

38. Artocarpus camansi  

39. Baccaurea racemosa  

40. Lansium domesticum  

41. Pithecellobium lobatum  

42. Cynometra cauliflora  

43. Syzygium cumini  

44. Averrhoa bilimbi  

45. Moringa oleifera  

46. Syzygium malaccense  

47. Carica papaya  

48. Cymbopogon citratus  

 

 

 

 

Gender perception of Osing community towards the 

environmental values  

Like any other agrarian communities in villages, Osing 

community still follows the rules on sharing family 

responsibility between men and women. In general, women 

stay at home. Osing women in organizational structure of 

society are positioned as management controller of family, 

so the development of platform of food security in villages 

depends on women (Garrity 2004). Based on the position, 

Osing women gave higher importance value (PDM 45.09) 

on house with yard than men (PDM=40.55). Having 

different role, task, and responsibility, men have to make 

effort to provide family welfare; therefore, males’ 

perception on paddy field landscape unit was higher 

(PDM=28.47) than that of females (PDM=23.63). Paddy 

field became an important choice for males since the paddy 

field is the source to food staple and followed by garden 

and field (Table 6). 

Both males and females value paddy field as the 

second most valuable landscape unit after yard. It shows 

that paddy field becomes important part in daily lives of 

Osing tribe in Kemiren, Taman Suruh, and Jambe Sari 

since it produces staple food. The benefit of paddy field 

landscape in males’ perception was higher than in females’ 

(Table 6).  

 

Table 6. The assessment result of PDM towards landscape unit in 

gender perspective in Osing tribe community in villages of 

Kemiren, Taman Suruh, and Jambe Sari  
 

Landscape unit Male Female 

Yard 40.55 45.09 

Paddy field 28.47 23.63 

Garden 15.84 16.40 

Field 15.14 14.88 

 

 

The result shows that males have big responsibility for 

providing food for their family. They also plant several 

economically valuable plant species in paddy field as 

additional source of income.  

The the third and fourth beneficial landscapes were 

garden and field. According to the perception of female, 

the utilitarian value of the garden was higher than that of 

field, while the male had the opposite perception (Table 6). 

It may happen because the benefit assessment of both 

landscape units is to complete main needs while the main 

needs are fulfilled by yard and paddy field. Both male and 

female Osing community meet their economic necessity by 

using agricultural produce gained from paddy field, yard, 

and garden. Various plant species have economical value 

and support family income and become the source of 

additional income for Osing society.  
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The ethnoecology study of Osing tribe in the villages of 

Kemiren, Taman Suruh, and Jambe Sari, proves that there 

are ecological process which form the landscapes with their 

typical vegetation. Osing tribe recognizes four landscape 

units, namely yard with a house, paddy field, garden, and 

field. Each landscape unit has important value in the 

community’s life.  
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Abstract. Santiago JO, Buot Jr IE. 2018. Assessing the status of pinuchu as indicator of socio-ecological resilience of Chaya Socio-

Ecological Production Landscape, Ifugao, Philippines. Biodiversitas 19: 2010-2019. Safeguarding biodiversity should be one of the 

priorities of the community to attain resilience. This study was aimed to determine the conditions of the woodlot (pinuchu) along the 

altitudinal zones of the mountain ranges in Chaya and correlated this to resilience. Specifically, it aimed to (i) determine the species 

composition, structure, and diversity of the tree species in selected pinuchu and (ii) determine the environmental variables associated 

with the vegetation composition. Vegetation data were subject to classification and ordination analyses. Species diversity was also 

calculated using Shannon-Wiener index. The tree diversity showed an overall diversity of (H'=3.83) corresponding to relatively high 

diversity. According to canonical correspondence analysis (CCA), elevation, temperature, and human disturbances influenced the 

vegetation composition. It is recommended that to sustain resilience of the CSEPL, pinuchu should be biodiversity-rich at all times. 

Policymakers should use native species as planting material in the reforestation program instead of using fast-growing exotic species.   

Keywords: Biodiversity, resilience, socio-ecological production landscape, pinuchu  

INTRODUCTION 

Biodiversity plays a vital role in ecosystem resilience 

and in sustaining desirable ecosystem attributes (Peterson 

et al. 1998). In the context of socio-ecological production 

landscape, biodiversity is considered significant for it 

contributes to resilience by providing ecosystem services 

and acts as buffer against perturbations (Bergamini et al. 

2014; Jacobi et al. 2013).  

Indeed, biodiversity is really an integral part of 

resilience (Jacobi et al. 2013). Hence, in this study, the 

storehouse of biodiversity in a socio-ecological production 

landscape (SEPL), the pinuchu, was investigated. Pinuchu 

or muyong in other dialect (Banaue) is a private woodlot 

with clearly demarcated boundaries owned and maintained 

by Ifugao families or clans (Soriano and Herath 2018). 

Diverse tree species have unique ecological values 

contributing to landscape functioning. The pinuchu serves 

as a watershed ensuring an all-year-round supply of water 

for the rice field (Camacho et al. 2016) and in fact 

unknowingly to lowland rivers as well. The pinuchu 

protects the lower farmlands from runoff and erosion 

(Serrano and Cadaweng 2005). In addition, the pinuchu 

provides firewood, fruits, lumber and medicinal plants 

(Castonguay et al. 2016). It is also the major source of 

wood for wood carving industry in Ifugao (DENR, 2008). 

The pinuchu helps regulate hydrology and microclimate 

thereby providing buffer against extreme weather events 

(Bergamini et al. 2014). This demonstrates the importance 

of biodiversity of pinuchu in sustaining the integrity of the 

whole landscape.  

This means that safeguarding biodiversity should be 

one of the priorities of the community to attain resilience. 

However, information on the status of the biodiversity in 

the forest of Chaya has not been studied and thus a baseline 

information is required to serve as guide in measuring 

ecological indicators of socio-ecological resilience. This 

will lead to the formulation of management and 

conservation strategies. Hence, this study aims to (i) 

determine the species composition, structure, and diversity of the 

tree species in selected pinuchu and (ii) determine the 

environmental variables associated with the vegetation composition.  

MATERIALS AND METHODS 

Study area 

The study was conducted in Barangay Chaya, Mayoyao, 

Ifugao, Philippines (Figure 1). The study sites were the 

mountain slopes of Bfu-lak, Nagchayan and Munchipfichib. 

These three mountains surrounded the Chaya Rice 

Terraces, one of the eight rice terraces of Central Mayoyao 

Rice Terraces inscribed as UNESCO World Heritage Site 

in Mayoyao, Ifugao. Barangay Chaya’s climate is classified 

as Type III. Rainfall is significant in most months of the 

year, and the short dry season has negligible effect (Figure 

2). The northeast monsoon locally known as “amihan” and 

the Pacific trade winds influence the climate of the village. 

Heaviest rains occur during the months of July to 

November with an average annual rainfall of 1,651.4 mm. 

Precipitation is lowest in February with an average of 23 mm.  
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Figure 2. Climograph for Baguio City, the nearest weather station 

to Chaya, Mayoyao, Ifugao, Philippines (Data source: PAGASA, 

1985-2016 climate data) 

 

 

Generally, the climate is cool with temperature ranging 

from 16°C to 20°C. It is relatively dry from March to May 

and generally wet for the rest of the year. The coolest  

months are November, December, and January, while the 

hottest month is April. Barangay Chaya has a very steep 

and mountainous terrain with high ridges, deep valleys and 

with waterfalls from rivers, creeks, and brooks coming 

from barangay Liwo River flowing down to Peñanga and 

Magat River. The forested mountains in the uppermost part 

of the barangay is regarded as important for it is the 

watershed area which serves as water source of the 

barangays.  

Methods 

Biodiversity was identified as important ecological 

indicator of resilience in Chaya Socio-ecological 

production landscape in the study by Santiago and Buot 

(2018). Vegetation analysis was used to describe the 

conditions of pinuchu of Chaya. Vegetation sampling was 

done in the selected pinuchu in the mountains of Bfu-lak, 

Nagchayan and Munchipfichib. In determining the plots, 

random sampling was done per elevation starting from 

1000 m to 2000 m altitude. Every plot was set up at 100 m 

interval from the foot slope up to the peak of the three 

mountains. A total of fifteen (15) plots of 10 x 10 m2 size 

were established in the entire sites (Figure 1). All woody 

tree species with a height of about 1 m were identified. The 

scientific names and local names were recorded. Diameter 

at breast height (DBH) and total height of each species 

were recorded (Figure 3).  
 

 

 

 

 

 
 

Figure 1. The study area showing the sampling plots (green dots). Lower left inset map shows the location of Mayoyao, Ifugao in the 

Philippines and the location of Barangay Chaya in Mayoyao (Generated using QGIS) 
 

 



 B IODIVERSITAS 19 (6): 2010-2019, November 2018 

 

2012 

 
 

Figure 3. Two residents of Chaya, Mayoyao, Ifugao, Philippines 

helping in the collection of vegetation data 

 

 

Basal area was computed from DBH data using the 

equation;  

 

Basal area (BA) = 0.7857 x D2 (cm2) 

 

Where, D = diameter at breast height (Cintron and 

Novelii 1984).  

 

The dominant species were identified and calculated 

based on the relative basal area (RBA) derived from DBH 

values and the dominant species was determined using the 

equation by Ohsawa (1984):  

 

iєT (xi- )2 + iєU x2j} 

 

Where, d= the deviation, xi = the actual percent share 

[in this case, the RBA] of the top species (T), i.e., the top 

dominant in the one-dominant model, or the two top 

dominants in the two-dominant model and so on,  = the 

ideal percent share based on the remaining species (U) and 

N= the total number of species.  

RBA was further subjected to classification and 

ordination analyses using Paleontological Statistics (PAST) 

version 3.13. Cluster analysis was done using Bray-Curtis 

similarity index. A dendrogram was then constructed using 

the Unweighted Pair Group Method with Arithmetic mean 

(UPGMA) algorithm (Sneath and Sokal 1973). 

Physical and environmental data such as elevation, 

coordinates, and disturbances in each site were noted. In 

each plot, composite random soil samples were taken from 

the topsoil (up to 30 cm below ground). Each soil sample 

was analyzed for pH, Nitrogen (N) and Phosphorous (P) 

content using the UPLB Soil Test Kit. Temperature at 

different altitude was extracted from the climatic data from 

Philippine Atmospheric and Geophysical Astronomical 

Services Administration (PAGASA) using the assumption 

of Sarmiento (1986) that for every 100 m elevation rise, 

there is a corresponding decrease of 0.6° C of temperature.  

The Canonical Correspondence Analysis (CCA) of Ter 

Braak (1987) was used to pinpoint which environmental 

data are influencing species RBA.   

Tree diversity was measured using the Shannon-Wiener 

index of diversity computed as follows:  

 

 
 

Where, S = the number of species 

pi = the relative abundance of each species, calculated 

as the proportion of individuals of a given species to the 

total number of individual in the community:  

ni = the number of individuals in species i  

N = the total number of all individuals 

 

Sample specimens of unknown species were identified 

by an expert of College of Forestry and Natural resources, 

University of the Philippines Los Baños (UPLB) using the 

lexicon of Philippine Trees (Rojo, 1999).  Nomenclature 

follows that of the International Plant Name Index (IPNI) 

website (https: //www.ipni.org), Co’s Digital Flora of the 

Philippines (http://www.philippineplants.org/), Fernando et 

al (2004), Backer and Bakhuizen v.d. Brink (1965) and 

Merill (1923). Voucher specimens of the unidentified 

plants were deposited at the Herbarium of the Plant 

Biology Division, Institute of Biological Sciences (PBDH), 

University of the Philippines Los Baños, Laguna, 

Philippines. Photographs of these specimens were also 

deposited at the herbarium. 

RESULTS AND DISCUSSION 

Species composition, structure, and diversity 

Table 1 showed the structural characteristics of the 

species composition of each zone. The number of species, 

species diversity, maximum DBH and the RBA per plot 

were also indicated for comparison. A total of 88 species 

were found in the entire woodlot, 67 of which belong to 35 

families such as Pinaceae, Lauraceae, Moraceae, 

Rubiaceae, and Fagaceae and others. On the other hand, 16 

species were identified only at their local name level and 

the remaining five were not identified.   

Using the RBA, the species were subjected to cluster 

analysis forming two big zones with each two sub-zones 

(Figure 4). Each zone was named according to the 

dominant species. 

Zone I (Pinus-Gmelina-Swietenia) or the Near 

Residence Zone: This zone was in the lower elevation 

(1050 m to 1200 m) of Mount Nagchayan. This zone was 

dominated by Pinus kesiya Royle ex Gordon, Gmelina 

arborea Roxb. and Swietenia macrophylla King. The 

highest RBA was 100 found in plot 7 while the lowest 

RBA was 0.01 found in plot 14 (Table 1). The maximum 

DBH value was 54 cm found in sampling plot 8. The 

species diversity (H’) in Zone 1 was 2.98 dit. This is 

considerably lower than Zone 2 mainly because this zone 

was near the residential area and most of the plots were 
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reforestation sites. The soil in Zone I had pH ranging from 

6-6.4. Nitrogen content was found to be high in plots 14 

and 15 while Phosphorus content was high in plots 6,7 and 8.  

Subzone Ia (Gmelina-Bischofia-Palaquim). At 

similarity level of 0.05, Zone I was further divided into two 

zones. The first zone was composed of plots 5, 14 and 6 

and was dominated by Gmelina arborea Roxb., Bischofia 

javanica Blume and Palaquium luzoniense S.Vidal. The 

species diversity (H’) was 2.941 dit.  

Subzone Ib (Pinus-Swietenia-Citrus). This zone was 

composed of plots 7 and 8 and was dominated by Pinus 

kesiya Royle ex Gordon, Swietenia macrophylla King and 

Citrus maxima (Burm.) Merr. The species diversity (H’) 

was 1.745 dit.  

Zone II (Lithocarpus-pfoloblo-Toona-Elaeocarpus-

Cleistocalyx-unknown) or Forest Zone. This zone was 

composed of plots 1,2,3,4,9,10,11,12 and 13 located in 

Mount Bfu-lak and Mount Munchipfichib from 1300 m to 

2000 m asl. This was dominated by Lithocarpus 

submonticola (Elmer) Rehder, pfoloblo (local name), 

Toona calantas Merr. & Rolfe, Elaeocarpus sp., 

Cleistocalyx operculatus (Roxb.) and another unknown 

species. The highest RBA was 80.92 found in plot 12 while 

the lowest was 0.01 found in plot 9. This site had a species 

diversity of 3.49 dit. The maximum DBH value was 54 cm 

found in sampling plot 12. The soil in Zone II had pH of 6. 

Nitrogen content was found to be low to medium while 

Phosphorus content varied from low to high. 

Subzone IIa (Toona-unknown 3-Radermachera-

Elaeocarpus-Luecosyke). At similarity level of 0.08, the 

Zone II was divided into two sub-zones. Sub-zone IIa was 

dominated by Toona calantas Merr. & Rolfe, unknown 3, 

Radermachera acuminata Merr., Elaeocarpus sp. and 

Leucosyke capitellata Wedd. The species diversity (H’) 

was 3.331 dit. 

Subzone IIb (Lithocarpus-pfoloblo-Litsea). This was 

composed of plots 1, 2, 12 and 13 and dominated by 

Lithocarpus submonticola (Elmer) Rehder, pfoloblo and 

Litsea perrottets (Blume) Fern.-Vill. The species diversity 

(H’) was 3.058 dit.  

The species diversity (H’) for the entire Chaya was 3.83 

dit.   

 

Discussion 

The floristic characters of pinuchu along different 

elevation of chaya mountain ranges 

The floristic composition of the pinuchu in Chaya 

Socio-Ecological Production Landscape (CSEPL) is 

comparable to the results of Magcale-Macandog et al 

(2013), Taguiling (2014) and Rabena (2015) in various 

woodlots in the municipalities of Ifugao. The species were 

of northern character except Gmelina arborea Roxb. and 

Swietenia macrophylla which were introduced species.  

The pinuchu forest structural features along altitudinal 

gradient were illustrated in Figure 5.A to 5.F. The number 

of species per sampling site increased with increasing 

elevation as with species diversity (Figure 5.A-5.B). 

Ideally, these two parameters should decrease towards 

higher altitudes because of the low temperature in higher 

elevation based on the observation of Buot and Okitsu 

(1998) and Banaticla and Buot (2005). The inverse 

relationship could be attributed to the proximity of pinuchu 

to the residential area. Since these were located at the lower 

elevation, humans could easily access the woodlot for their 

timber needs. The anthropogenic disturbance could 

jeopardize the structural characteristics of the forest as 

observed in the study of Buot and Osumi (2011) in Mount 

Makiling. Meanwhile, the dbh and height were decreasing 

at increasing elevation.  
 

 

 

 
Figure 4. The dendrogram constructed using Unweighted Arithmetic Average Clustering (UPGMA) showing the two zones and their 

respective dominant species and land use types. Bootstrapping was done at n=100, cophenetic correlation is 0.9719 
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The structure of the biodiversity of Chaya's pinuchu 

was illustrated in a dendrogram (Figure 4) with a simple 

zonation pattern of two zones, each composed of two 

subzones, with Zone I (pine forest) and Zone II (mossy 

forest). This type of zonation is similar to Mount Akiki and 

Mount Pulag landscape having a pure and mixed Pinus 

zone and an extensive montane forest dominated by 

Lithocarpus (Buot 2007; Buot and Okitsu 1999). The only 

difference for this study is the presence of 

Gmelina arborea Roxb and Swietenia macrophylla King 

indicating that there were already anthropogenic 

disturbances. In Ifugao, pinuchu owners preferred 

hardwood species for their wood carving and house 

construction. Gmelina arborea Roxb and Swietenia 

macrophylla King are the most common reforestation 

species being planted nowadays considering their short 

rotation period and widespread availability (Camacho et al. 

2016).  
 

 

 

   
A B C 

   
D E F 

 

 

Figure 5. The forest structural features along altitudinal gradients of Chaya, Mayoyao, Ifugao, Philippines. A. Number of species, B. 

Species diversity, C. Maximum dbh, D. Minimum dbh, E. Maximum height, F. Minimum height 

 

 

 
Figure 6. Ordination diagram showing the distribution of plots as influenced by environmental factors using Canonical Correspondence 

Analysis  
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Table 1. Species composition along altitudinal gradients of Chaya mountain ranges, Mayoyao, Ifugao, Philippines showing Relative Basal Area (RBA). Dominant species are indicated with 

asterisk (*). Arrangement of taxa is according to elevation (from lowest to highest) 

 

Site number    1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
 

 
    

 
 

 
 

 
       

Plot name    14 5 15 6 7 1 8 2 9 3 10 4 11 12 13 

Elevation    1047 1100 1101 1197 1300 1380 1406 1480 1510 1580 1608 1642 1714 1817 1916 

Number of species    45 34 17 33 12 19 23 21 29 55 32 51 29 51 38 

Shannon_H (per plot)    2.06 2.22 1.95 2.58 0 1.72 1.06 2.65 2.29 2.73 2.56 2.50 2.43 2.60 2.11 

Maximum DBH (in cm)    49 22 41 14 30 40 54 54 29 50 25 34 28 60 42 

Minimum DBH (in cm)  
 

0.63 0.63 1.27 0.4 10.82 1.27 1.27 0.95 1.27 0.63 0.95 0.63 6.37 0.95 0.95 

Maximum height (in m)  
 

26 15 22 18 10 16 14 20 15 20 16 18 8 16 16 

Minimum height (in m)  
 

1.1 1.1 2.2 1.4 7 1.7 1 1.6 1.51 1.1 1.4 1.2 1.24 1.5 1.64  
 

    
 

 
 

 
 

       

 
 

    
 

 
 

 
 

       

Name of species Family  Local name RBA RBA RBA RBA RBA RBA RBA RBA RBA RBA RBA RBA RBA RBA RBA  
 

    
 

 
 

 
 

       

Gmelina arborea Roxb. ex Sm. Lamiaceae melina 93.09* 87.19* 
 

59.50* 
 

 
 

 
       

Bischofia javanica Blume  Phyllanthaceae tuwor 0.66 4.90* 
 

 
 

 
 

 
       

Palaquium luzoniense (Fern.-Vill.) Vidal  Sapotaceae chalaan 2.36* 
  

 
 

 
 

 
       

Astronia candolleana Cogn.  Melastomataceae talana' (big leaves) 
   

13.39* 
 

0.86 
 

0.20 
 

2.45 0.96 0.76 3.22 0.86 9.74* 

Toona calantas Merr. & Rolfe  Meliaceae pfangtinon 
   

7.06* 
 

 
 

 
 

53.59* 
     

Neonauclea reticulata (Havil.) Merr.  Rubiaceae alantap 
   

5.34* 
 

 
 

 
       

Pinus kesiya Royle ex Gordon  Pinaceae benguet pine 
  

3.85 1.52 100*  94.60*  
       

Swietenia macrophylla G. King  Meliaceae mahogany 
  

43.98*  
 

 
 

 
       

Pterocarpus indicus Herb. Madr. ex Wall.  Fabaceae narra 
 

6.12* 
 

11.86* 
 

 
 

 
       

Garcinia venulosa Choisy  Clusiaceae pfunog    10.26*            

Radermachera acuminata Merr.  Bignoniaceae pfaghapfajon      4.76* 33.45*         

Weinmannia luzoniensis S. Vidal  Cunoniaceae tabangawon 0.05 0.23    0.45*    0.11      

Pfoloblo  -             76.05* 20.79*   

Lithocarpus submonticola (Elmer) Rehder  Fagaceae palajun   0.24     0.06     51.36* 80.92* 50.92* 

Litsea perrottetii (Blume) Fern.-Vill.  Lauraceae baan            12.46*    

Unknown 1 -             9.65*    

Knema sp.  Myristicaeae             1.01*    

Semecarpus cuneiformis Blanco  Anacardiaceae              14.40*   

Apfala  -              4.99*   

Clerodendrum sp.  Lamiaceae mananor              10.10*  

Archachanum  -         0.01     1.30 3.62* 0.75 

Elaeocarpus sp.  Elaeocarpaceae taudchachay         33.46*      12.17* 

Cleistocalyx operculatus (Roxb.) Merr. & L.M.Perry  Myrtaceae        0.10 0.84 6.59 2.97* 28.95*   0.09 16.97* 

Gomphandra sp.  Icanicaceae lopot        5.33 3.52 1.58 27.24*     

Clethra tomentella Rolfe ex Dunn  Clethraceae umog       9.23*  1.32 4.80* 6.64 0.23  1.60* 2.49 
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Leucosyke capitellata (Poir.) Wedd.  Urticaceae pfahog       27.46*         

Pfa'an -    0.12    17.16*         

Unknown 3 -           48.70*      

Talana' small leaves -         16.47*        

Ameleng -         10.26*        

Cryptocarya paucinervia Gamble  Lauraceae tempo        0.01 17.95* 0.30   0.18 0.44 0.90 

Palubphan -        7.59  8.58*  12.87*     

Symplocos sp.  Symplocaceae olatton        0.32 7.60* 0.18 0.36  0.09 0.16 0.16 

Syzygium polycephaloides (C.B.Rob.) Merr.  Myrtaceae ato ang-ang    2.30            

Prunus pubescens Pursh  Rosaceae alacheng 0.01       1.08  20.98*   0.94 0.02  

Calophyllum soulattri "Burm." ex F.Mull.  Clusiaceae bitaor        2.28  16.79*    0.38  

Engelhardtia sp.  Juglandaceae attapfong           13.74*  1.20  5.06 

Cryptocarya lanceolata Merr.  Lauraceae tuyphu        4.81 3.67 1.22    0.75 0.79 

Chloranthus elatior R.Br.  Chloranthaceae loblopfong        0.03   0.06 0.42 0.45 0.05  

Eurya japonica Thunb.  Theaceae penalenghengon  0.08 2.69    0.17 0.08 2.01  0.80    0.06 

Evodia benguetensis Elmer  Rutaceae               1.30  

Mangifera indica L.  Anacardiaceae mangka 1.29               

Coffea sp.  Rubiaceae coffee 0.28   0.09            

Glochidion sp.  Euphorbiaceae amamokug 0.16               

Ficus nota Merr.  Moraceae lapfoy 0.01 0.11           0.18   

Pfolo -  0.01 0.11 1.34 0.02            

Villebrunea trinervis Wedd.  Urticaceae loppeng  0.81 3.90             

Fraxinus griffithii C.B.Clarke  Oleaceae onop  0.28              

Ficus annulata Blume  Moraceae peggwe  0.07     0.05         

Callicarpa subintegra Merr.  Lamiaceae atorpfo  0.04    0.03          

Deutzia pulchra S.Vidal  Hydrangeaceae hana'te  0.02     0.08         

Melastoma malabathricum L.  Melastomataceae pfugtayun  0.02 0.69   0.17 1.10  0.36     0.02  

Grewia laevigata Vahl  Tiliaceae alanchong   3.27             

Alinaw  -    0.48             

Saurauia bontocensis Merr.  Actinidiaceae choggoy   0.21             

Saurania elegans Fern.-Vill.  Actinidiaceae pfinor   0.21             

Lanipaw  -    0.02             

Artocarpus heterophyllus Lam.  Moraceae     7.59            

Ficus odorata Merr.  Moraceae apla    0.03            

Macaranga dipterocarpifolia Merr.  Euphorbiaceae anablon       0.07         

Lachao          3.50  5.56  1.07     

Leea aculeata Blume  Leeaceae ang-ang       0.03     0.07    

Canthium ellipticum Hochst. ex Delile  Rubiaceae         1.07        

Helicia paucinervia Merr.  Proteaceae lakot        0.68   0.23     

Antherostele callophylla Bremek.  Rubiaceae lanuhi (kahoy)        0.24        

Eurya japonica Thunb. var. nitida ( Korth.) Dyer  Theaceae         0.21        

Praravinia viridescens (Elmer) Bremek.  Rubiaceae lungtian        0.10        

Unknown 2 -         0.08        

Unknown 4 -          6.34       

Archidendron clypearia ( Jack ) I.C.Nielsen  Fabaceae haguchachit         1.99 0.06      
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Chulangon  -          0.08       

Ardisia sp. Primulaceae           0.90      

Evodia sp.  Lauraceae           0.28      

Chulagon  -           0.23      

Calophyllum buxifolium Vesque  Clusiaceae           0.11      

Cryptocarya merrillii C.T.White  Lauraceae           0.01      

Neolitsea villosa (Blume) Merr.  Lauraceae            1.33     

Hangachon -            1.03     

Lohong -            0.51   0.17  

Lapponte -            0.18     

Afingor -              1.71   

Ficus septica var. salicifolia Corner  Moraceae              1.29   

Ficus sp.  Moraceae              0.26   

Ficus septica Burm.f.  Moraceae liwliw           1.79  0.02   

Neolitsea vidalii Merr.  Lauraceae               0.10  

Evodia melicefolia  Rutaceae               0.05  

Unknown 5 -               0.02  
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The presence of Pinus kesiya Royle ex Gordon, 

Gmelina arborea Roxb. and Swietenia macrophylla King 

could have a profound influence in the future of 

landscape’s ecosystem services. Pine trees were reported to 

have allelopathic effect in plants and this can inhibit the 

growth of other trees (Kimura et al. 2015). In the same 

way, Swietenia macrophylla King is also allelopathic in 

nature (Mukaromah et al. 2017). Gmelina arborea Roxb. 

and Swietenia macrophylla King is a potential be bio-

invasive species in the area as emphasized by Baguinon 

and Miel (2013).  

In the study of Soriano et al. (2017), farmers in 

Kiangan, Ifugao perceived that the introduction of non-

native species in their forest led to the degradation of forest 

quality which in turn reduced the effective provision of 

ecosystem services of the forest. However, pinuchu is a 

privately managed forest and people use the above-

mentioned species for construction materials, so bio-

invasion is less likely to occur. The high diversity index of 

the entire pinuchu in Chaya (H'=3.83) is an evidence that 

bio-invasion is not yet happening. However, this should not 

be the reason to plant more introduced species in the 

locality, especially as reforestation planting material.  

Environmental variables influencing floristic diversity 

Environmental variables including elevation, 

temperature, soil characteristics, and anthropogenic 

disturbances were tested if they influence the floristic 

structure and zonation of the Chaya pinuchu. It was found 

out that elevation, temperature, and disturbance were 

positively influencing the structure of the pinuchu but soil 

nutrients and pH had minimal impact (Figure 6). This 

observation is similar to that of Sopsop and Buot (2013) 

where human disturbance (e.g. kaingin farming) impacted 

species composition. It is observable that as the elevation 

gets higher, native species belonging to the families of 

Fagaceae such as Lithocarpus submonticola (Elmer) 

Rehder dominated the area. This is because of the higher 

and steep slopes which make it difficult for humans to 

access the pinuchu, hence only lower elevation species 

were altered and planted with some introduced species. 

This was also observed by Buot and Osumi (2011) in their 

study in Mount Makiling.  

Meanwhile, with higher elevation and hence, lower 

temperature, the species composition was dominated by 

Fagaceae and Lauraceae families. Fagaceae and Lauraceae 

were the dominant vegetation type in the mountains of 

tropical Asia (Sri-Ngernyuang et al. 2003) particularly, in 

higher elevation of Cordillera Mountain ranges (Buot 2014; 

Buot 2007; Buot and Okitsu 1998). Nitrogen also played a 

vital role in the distribution of species in plots 14 and 15 

which were all in the lower elevation. This could be 

explained by possible accumulation of Nitrogen that has 

been leached from the upper slopes.  

The Chaya Pinuchu Biodiversity and its implication to 

resilience 

The species diversity (H’) for the entire Chaya’s 

pinuchu was 3.83 dit. Based on Fernando (1998) scale of 

diversity values, this is considered very high. Interestingly, 

Chaya’s pinuchu is more diverse as compared to the 

diversity of Namnama, Alfonso Lista (H’=3.59), 

Nagacadan, Kiangan (H’=3.7) and Bato, Mayoyao, Ifugao 

(H’=3.6) as observed in the study of Taguiling (2014). This 

may be attributed to the fact that pinuchu in Chaya was 

located at a much higher elevation and hence, not highly 

disturbed as compared with the pinuchu in Alfonso Lista 

and Bato, Mayoyao which were being used for slash and 

burn farming (Taguiling 2014). Associated with its rich 

biodiversity is the availability of water resources which 

provided irrigation for the rice terraces. 

The high diversity in Chaya’s pinuchu is critical to 

resilience. In the face of environmental fluctuations, 

“biodiversity insures ecosystem health as many species 

provide greater support and some maintains functioning 

even if others fail” (Yachi and Loreau 1999). This 

insurance effect can help maintain a desirable ecosystem 

state for the CSEPL to continue provide ecosystem services 

for the entire socio-ecological system.  

In conclusion, this study measured the ecological 

indicators of socio-ecological resilience by vegetation 

assessment and household survey. This was the first 

attempt to document the vegetation status of the 

biodiversity in the forest of Chaya. The study revealed that 

pinuchu of Chaya has now been planted with introduced 

species found in the lower slopes. Two of these species 

were the exotic fast-growing, Gmelina arborea Roxb and 

Swietenia macrophylla King. Elevation, pH, temperature 

and human disturbances were influencing the vegetation 

structure. The species diversity was high (H’=3.83). The 

pinuchu must be biodiversity-rich if the entire Chaya 

Socio-Ecological Production Landscape has to be resilient 

through the years. The presence of exotic species in the 

pinuchu of CSEPL requires certain steps to protect and 

conserve native biodiversity should these exotics naturally 

spread and harm the natural biota. Protection of 

biodiversity is indeed important to sustain its ecological 

function in the whole landscape. Policy makers and 

implementers need to patronize the use of pioneer native 

tree species as planting material in the reforestation 

program instead of using exotic fast-growing species.  
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Abstract. Jabbari M, Salahi M, Ghorbani R. 2018. Spatio-temporal influence of physicochemical parameters on phytoplankton 

assemblage in coastal brackish lagoon: Gomishan Lagoon, Caspian Sea, Iran. Biodiversitas 19: 2020-2027. The objective of this study 

was to determine the spatiotemporal distribution pattern of phytoplankton assemblage due to physico-chemical heterogeneity in coastal 

brackish lagoon of Gomishan. An inter-annual cycle of sampling period (April 2014-March 2015) and spatially stratified random 

sampling were established to examine 24 spatiotemporal scenarios. Water samples were preserved in 1 and 0.5 liter dark Polythene 

bottles from each station for assessing plankton community and chlorophyll a, respectively. The applied multivariate approach including 

hierarchical cluster analysis for (dis)similarity test of environmental factors, principle component analysis (PCA) and canonical 

correspondence analysis (CCA) was used to illustrate the pattern of phytoplankton variability in relation to environmental 

characteristics. The results showed that mean salinity, temperature, pH, total nitrogen, phosphorus, silica, turbidity, and electrical 

conductivity (EC) were 22.8±5.9 (ppt), 23.4° C, 8.18, 2.49 (mg.l-1), 0.258 (mg.l-1), 3.39 (mg.l-1), 42.12 (NTU), and 3.78 (dS/m3), 

respectively. Scenarios S5AT, S5W, S6W, S6AT were distinguished from other scenarios with more than 90% similarity, subsequently 

S1SU and S5SU with about 80% similarity. Inter-annual mean density of total phytoplankton (cell.l-1) was 2.45×106, whereas in 

northern sector it was constant with only a peak in June, but in southern sector it was more tolerant, so in April it tended to increase with 

a peak (7.2×106) in July which was the maximum density over the year. The phytoplankton assemblage of the lagoon comprised 47 

species from 5 different classes including Bacillariophyta, Pyrrophyta, Chlorophyta, Cyanophyta, and Euglenophyta.  

Keywords: Caspian Sea, environmental factors, Gomishan Lagoon, phytoplankton assemblages 

INTRODUCTION 

“Transitional waters” for this research and implemental 

guidance, have been described by EU Water Framework 

Directive (2000/60/EC) as “bodies of surface water in the 

vicinity of river mouths which are partly saline in character 

as a result of their proximity to coastal waters but which 

are substantially influenced by freshwater flows”. 

Furthermore, coastal waters are defined as “surface water 

on the landward side of a line, every point of which is at a 

distance of one nautical mile on the seaward side from the 

nearest point of the baseline from which the breadth of 

territorial waters is measured, extending where appropriate 

up to the outer limit of transitional waters” (European 

Communities 2000). According to Ramsar classification 

for wetland systems, Gomishan wetland is classified as a 

coastal brackish lagoon that is permanent shallow water 

separated from the Caspian Sea by a barrier which makes it 

more restricted inlet water body with at least one relatively 

narrow connection to the sea, and in this case, Gomishan 

Lagoon is oriented parallel to the coastline of Caspian Sea  

(Hails 1997). 

Ecologically, coastal lagoons as a "transitional water" 

play a critical role in all nearby ecosystems and their 

ecological services in these habitats are very important 

such as nursery ground for aquatic species (fishes and 

invertebrates)  (Spatharis et al. 2007), and other associated 

organisms. Gomishan coastal lagoon is considered to be an 

Ecotone, which is a transitional zone from aquatic to 

terrestrial ecosystems  (Odum and Odum 1959). Due to 

spatial and temporal heterogeneity of Physico-chemical 

characteristics such as turbidity (nutrients inflow of river), 

temperature and salinity, lagoon ecosystems are likely to 

have high local biodiversity and biomass productivity of 

fishes, macro-benthic, micro-invertebrates, planktonic 

fauna and flora, and especially phytoplankton  (Barbone 

and Basset 2010). 

Phytoplankton are the foundation of aquatic food chain 

in both marine and freshwater ecosystems . Phytoplankton 

species produce about 95% of marine production in a 

coastal area that is indirect or direct source of energy for a 

wide range of marine consumers from microscopic 

zooplankton to large Whales  (Nielsen 1975). Quantitative 

studies on phytoplankton population dynamic and 

distribution pattern are important for the modification of 
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eutrophication and trophic level of aquatic systems, 

determination of harmful alga bloom  (Viličić 1989) and 

understanding of its impact on water quality  (Bartram and 

Ballance 1996). 

In the following references, some physical, chemical 

and biological factors are found to cause the spatial and 

temporal changes of phytoplankton abundance and 

distribution pattern in coastal lagoons. Inorganic nutrition 

limits including Nitrate, Phosphate, and Silica leads to 

phytoplankton’s biomass environmental capacity and 

physiological limitation  (Smayda 1980); photosynthetic 

production needs light  (Kirk 1994); physical factors such 

as wind, tidal flushing, and hydrologic cycles affect 

phytoplankton bloom (both harmful and useful alga bloom) 

in costal habitats  (Cloern 1996); and most recently, 

phytoplankton dynamic controllers are described as 

nutrient level, light availability, temperature, pH, dissolved 

oxygen, relative buoyancy, wind, hydrodynamic factors 

and grazing  (Paerl 1988; Philips et al. 2002). 

The aims of this study, based on spatial and temporal 

data analyses, were to characterize physico-chemical 

factors influencing phytoplankton guild, and to determine 

phytoplankton distribution pattern in Gomishan Lagoon, 

Caspian Sea. The considered factors were dissolved 

Oxygen (DO), salinity, electrical conductivity (EC), water 

temperature, pH, turbidity, Phosphate (PO4, P, P2O5), 

Nitrate (NO3, N-NO3), and Silica (Si, SiO2) measured in 

spatially and temporally distributed sampling sites in study 

area. The result of this study will be used for ecological 

sustainability monitoring and developing a blooming 

pattern in the Gomishan Lagoon. 

MATERIALS AND METHODS 

Study site 
Gomishan Lagoon is a coastal permanent brackish 

lagoon at the southeast coastal area of the Caspian Sea 

which is one of the largest inland aquatic systems. It's an 

international transitional water along coastline of Caspian 

Sea from the Golestan State's local government in Iran to 

Gomishan area in the Turkmenistan. Geographically, it is 

located between 37˚9´ to 37˚20´ E and 53˚54´ to 53˚58´ N 

(Figure 1). The width and depth of the Gomishan Lagoon 

mostly depend on water input of Volga river (with the 

average annual depth of 1.36 meters) into the Caspian Sea 

and fluctuation of sea level. At the time of this study (2014-

2015), it had around 72 kilometers mean length and 3.5 

kilometers mean width along the coastline of Caspian Sea. 

Data collection  

Well distributed sampling stations in spatial and 

temporal scale were established to ensure that collected 

samples were representatives of Gomishan Lagoon system. 

Samples were taken every month over a year (early April 

2014 to late March 2015) and stratified random sampling 

was carried out for dividing the lagoon into 6 strata named 

S1 to S6, respectively ordered from northern to the 

southern parts of the lagoon. Within the Strata, 3 sampling 

stations were sorted by water depth, so vertically there 

were 3 different depths but randomly distributed in a 

horizontal profile. Water samples were preserved in 1 and 

0.5 liter dark Polythene bottles from each station for 

assessing plankton community and chlorophyll a, 

respectively. Samples were returned to the laboratory in a 

cooling box for extra examination. 
 

 

 

 
 

Figure 1. Study area. Sampling sites (S1-S6) and stratified sectors in Gomishan Lagoon, Iran 
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Laboratory measurements and identification 

The physic-chemical parameters measured were DO 

(mg/L), Salinity (ppt), EC (s/m), WT (C), pH, Turbidity 

(NTU), PO 4, P, P2O5, NO3, N-NO3, Si. The SiO2 was 

measured with YSI/portable probes model DR 2800 Hach 

and examined using the standard method for water and 

waste water  (APHA 2012). Phytoplankton species 

identification keys used the following references: Marshall 

1986; Moncheva and Parr 2010. The analyzed 

phytoplankton have been checked by laboratories and 

experts that are experienced in the field of phytoplankton 

analysis such as laboratory of Gorgan University of 

Agricultural Sciences and Natural Resources, and 

Hormozgan University. Average biovolume and occurrence 

of each recognized phytoplankton were calculated and 

classified into 5 functional groups (Diatoms, 

Dinoflagellates, Green algae, Cyanobacteria, Euglenoids) 

for further statistical analysis. 

Data analyses 

Multivariate approach was used for statistical analysis 

to illustrate biotic and abiotic change pattern and 

correlation between environmental parameters and 

phytoplankton distribution. Spatio-temporal analysis of 

physico-chemical parameters was done by creating 24 

scenarios that were combinations of 4 season and 6 sites 

(Table 1). (Dis)similarity of scenarios analysis were created 

with hierarchical cluster analysis. Principle Component 

Analysis (PCA) and canonical correspondence analysis 

(CCA) were applied to reveal the pattern of phytoplankton 

variability in relation to environmental characteristics using 

R package "Vegan". Relative abundance comparison was 

analyzed with one-way ANOVA at <0.05 confidence level 

using R programming language.  

RESULTS AND DISCUSSION 

Overall, measured physical and chemical water quality 

parameters fluctuated over time and space (Table 2). 

Physicochemical characteristics are described as follows in 

order to develop a change pattern:  

Salinity, temperature, and pH  

Salinity of Gomishan Lagoon with mean (±SE) 

22.8±5.9 (ppt) has changed from 13.1 unit in Autumn up to 

35.8 (ppt) in summer. Spatially, minimum and maximum 

of salinity were observed in Sites S6 and S1 which were 

significantly different from others with 8.4 and 32.5 (ppt), 

respectively. Water temperature (WT) with a range of 12.8 

to 31.1 centigrade and mean degree of 23.4 differed not 

significantly among the sites. Mean pH was 8.18, ranging 

from 7.94 in winter months to 8.94 in site S6 (Table 2). 

Total nitrogen, phosphorus, and silica  

Mean total Nitrogen concentration was 2.49 (mg.l-1) 

with minimum and maximum of 1.4 to 4.46 that occurred 

during spring and station S1, respectively. Mean observed 

phosphorus concentration was 0.258 (mg.l-1) with a low 

level in spring and summer but significantly higher level in 

autumn, and tended to decrease in the winter. 

Concentration of total phosphorus was also significantly 

higher at the site S5 (Table 2). Total Silica (TS) with mean 

concentration of 3.39 (mg.l-1) was at the highest level in 

winter and decreased to 2.5 (mg.l-1) in spring season. The 

minimum and maximum of TS were discovered in site S2 

and S5 relatively. 
 

 

Table 1. Spatio-temporal scenarios for physic-chemical similarity 

analysis in Gomishan Lagoon, Iran 

 

Site 

 Season 

 Winter 

(W) 

Spring 

(SP) 

Summer 

(SU) 

Autumn 

(AT) 

S1  S1W S1SP S1SU S1AT 

S2  S2W S2SP S2SU S2AT 

S3  S3W S3SP S3SU S3AT 

S4  S4W S4SP S4SU S4AT 

S5  S5W S5SP S5SU S5AT 

S6  S6W S6SP S6SU S6AT 

 

 

 

 

Table 2. Physical and chemical characteristics of water quality of Gomishan Lagoon, Iran (2014-2015) 
 

Parameters 
Season  Site 

Winter Spring Summer Autumn 
 
S1 S2 S3 S4 S5 S6 

DO (mg/L) 10.7±0.6* 5.65±0.8* 7.64±2.2 6.95±0.4 
 
6.29±1.9* 7.95±1.2 7.92±1.0 7.54±0.7 10.4±3.3* 7.65±0.4 

Salinity (ppt) 13.2±2.1 29.0±5.2 35.8±8.1* 13.1±3.3 
 
32.5±12* 21.6±2.4 23.4±5.0 21.4±6.1 29.3±10 8.39±1.6* 

EC (s/m) 2.02±0.4* 4.91±0.7 5.41±1.2* 3.18±1.0 
 
6.01±1.3* 3.44±0.3 3.64±0.6 3.32±0.8 4.01±1.7 1.24±0.1* 

WT (C) 19.1±0.6 30.2±1.3 31.1±0.8 12.8±0.5* 
 
23.7±4.0 22.3±3.1 22.3±4.9 24.0±5.1 25.3±5.0 23.9±4.3 

pH 7.97±0.1* 8.21±0.1 8.20±0.1 8.94±0.1 
 
8.25±0.1 8.29±0.2 7.94±0.0 7.98±0.0 8.16±0.1 8.93±0.1* 

Turbidity (NTU) 44.0±16 22.2±5.5* 44.5±14 61.8±28* 
 
10.1±3.1* 15.8±4.9 82.8±36* 51.8±12 23.1±7.7 74.3±22 

PO 4 0.13±0.0 0.08±0.0 0.08±0.0 0.22±0.1* 
 
0.04±0.0 0.05±0.0 0.05±0.0 0.08±0.0 0.35±0.1* 0.19±0.1 

P 0.04±0.0 0.02±0.0 0.02±0.0 0.07±0.0* 
 
0.01±0.0 0.02±0.0 0.01±0.0 0.03±0.0 0.11±0.1* 0.06±0.0 

P2O5 0.09±0.0 0.06±0.0 0.06±0.0 0.16±0.1* 
 
0.03±0.0 0.04±0.0 0.04±0.0 0.06±0.0 0.26±0.1* 0.13±0.0 

NO3 1.76±0.4 1.28±0.2 3.02±1.4* 2.45±0.6 
 
3.78±2.0* 1.42±0.2 1.25±0.2 1.57±0.1 2.85±1.0 1.90±0.3 

N-NO3 0.46±0.2 0.15±0.0* 0.66±0.3 0.55±0.1 
 
0.68±0.8* 0.17±0.1 0.15±0.1 0.20±0.0 0.40±0.4 0.22±0.1 

Si 2.45±1.2 1.57±0.4* 2.27±0.8 2.38±1.2 
 
1.07±0.3 0.73±0.2 1.67±0.6 1.19±0.6 5.10±1.0* 3.25±1.5 

SiO2 5.16±2.5 3.41±0.8* 4.84±1.7 5.08±2.5 
 
2.29±0.7 1.59±0.5 3.58±1.3 2.56±1.4 10.8±2.1* 6.86±3.3 

Note: (*) Significant differences in a row (P < 0.05); (DO) dissolved oxygen; (WT) water temperature  
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Turbidity and electrical conductivity (EC) 

Spatial and temporal turbidity with a minimal amount 

of 22.2 and 10.1 (NTU) in spring and site S1 tended to 

increase during summer and autumn up to 61.8 and 82.8 

(NTU) in S3. Electrical conductivity (EC) was low in cold 

season and higher at warmer season (Table 2).  

Similarity and join ability among the Spatio-temporal 

scenarios analyzed with site-season matrix for physico-

chemical parameters was computed with the Jaccard index 

to distinguish overall different scenarios. Based on cluster 

analysis, 4 branches with at least 50% similarity were 

recognizable. Scenarios of S5AT, S5W, S6W, S6AT were 

distinguished from others with more than 90% disimilarity, 

S1SU and S5SU with about 80% similarity (Figure 2). 

Inter-annually, variation of total phytoplankton density 

(cell.l-1) ranged from 0.15×106 in February to a peak of 

7.84×106 in June with mean density of 2.45×106 (Figure 3). 

The total phytoplankton density in northern sector was 

constant with only a peak in June. In contrast, 

phytoplankton density in southern sector was varying 

throughout the year, as months went by, and in April it 

tended to increase with a peak (7.2×106) occurred in July. 

Phytoplankton density in southern sector during whole 

summer (June to August) was more than overall mean 

density. 

The phytoplankton assemblage of the lagoon comprised 

47 species from 5 different classes including 

Bacillariophyta, Pyrrophyta, Chlorophyta, Cyanophyta, and 

Euglenophyta (Table 3). Tetraselmis gracilis is a green 

alga with major cell density of about 3.3 million cell per 

liter. Three green algae species (Crucigenia quadrata, 

Chlorella salina, Tetraselmis gracilis) dominated over a 

50% of total cell density. While, the density Summation of 

Euglena oxyuris (Euglenoids), and tow Diatoms 

Skeletonema costatum, Rhizosolenia calcaravis contributed 

less than 1% of overall phytoplankton density. 

Thalassiosira parva very rarely occurred (2.8%), and four 

species (Microcystis sp, Euglena sp, Chlorella sp, Navicula 

sp) occurred at least 75% in whole samples. Abundance of 

each species is given in Table 3. 

  

 
 

Figure 3. Total phytoplankton density changes in Gomishan 

Lagoon, Iran during the study period. Northern sites (S1-S3) and 

southern sites (S4-S6) 

 

 

 

 

 

 

 
 

Figure 2. Spatio-temporal (dis)similarity of physic-chemical parameters in Gomishan Lagoon, Iran. Jaccard index was employed to 

clustering spatio-temporal scenarios 
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Table 3: Composition of phytoplankton assemblage in Gomishan 

Lagoon. Mean Density (cell.l-1) and Occurrence of each species 

are given (2014-2015) 

 

Species Mean density ±SE Occurrence (%) 

Anabaena sp. 291337±100872 66.6 

Anabaena spirodes 282000±122000 8.3 

Chaetoceros sp. 3350±1350 8.3 

Chlamydomonas ovalis 39222±10021 50 

Chlorella marina 170000±60000 8.3 

Chlorella salina 709000±419000 8.3 

Chlorella sp. 85181±19830 91.6 

Chroococcus limenticus 221333±149336 12.5 

Chroococcus turgidus 17666±3527 12.5 

Coconeis scutellum 20000±5050 4.1 

Coconeis sp. 22410±13521 4.1 

Crucigenia quadrata 567000±196071 20.8 

Cyclotella menenghiniana 5900±100 8.3 

Euglena oxyuris 1200±700 4.1 

Euglena sp. 24333±5811 75 

Gonyaulax tamarensis 6646±3416 12.5 

Gymnodinium sp. 18100±4102 25 

Kirchneriella obesa 8000±4800 4.1 

Mersmopedia punctata 3656±2100 4.1 

Mersmopedia sp. 40000±15000 4.1 

Microcystis sp. 15916±1961 75 

Nannochloris atomus 5400±3200 4.1 

Navicula bombus 5000±3800 4.1 

Gonyaulax tamarensis 6646±1641 12.5 

Navicula sp. 96673±2645 95.8 

Nitzschia closterium 146740±96740 16.6 

Nitzschia longissima 345000±145000 4.1 

Nitzschia sp. 62812±12215 50 

Oscillatoria sp. 17100±7230 4.1 

Peridinium sp. 33940±9045 12.5 

Pleurosigma delicatulum 5500±1850 8.3 

Pleurosigma elongatum 26000±6234 12.5 

Pleurosigma strigosum 3600±737 20.8 

Prorocentrum micans 21528±14046 20.8 

Prorocentrum minimum 17990±5195 41.6 

Protoeridinium conicoides 66500±12500 8.3 

Protoperidinium sp. 35866±17099 12.5 

Rhizosolenia calcaravis 1800±1069 4.1 

Scenedesmus acuminatus 14675±4190 16.6 

Scenedesmus quadricauda 76500±37500 8.3 

Skeletonema costatum 1000±600 4.1 

Spirulina sp. 44333±21211 25 

Spirulina subsalsa 5250±3050 8.3 

Synechococcus sp. 8500±50 8.3 

Tetraselmis gracilis 3292667±1330951 12.5 

Thalassiosira parva 48700±20792 2.8 

Triblionella hungarica 35000±11000 4.1 

 

 
As a result of seasonal change, Diatoms had relatively 

high assemblage proportion (total mean of seasonal 

proportion=30%) with only one significant decrease in 

summer to 3% of total phytoplankton (Figure 4). 

Decreasing pattern of Dinoflagellates was from 7% in 

winter to 0.15% in autumn. Top level of Green algae (78%) 

in summer tended to decrease during autumn, winter, and 

to 24% in spring. Cyanobacteria's highest proportion 

occurred in spring (78%) and steadily decreased during 

summer, autumn to the lowest level of 8% in winter. 

Euglenoids pattern from summer (0%) tended to increase 

during autumn (2%), winter (3%), to a temporal peak in 

spring. Spatial analysis showed that site S1 was dominated 

by green algae with 79% of total density, site S2, and S3 

had relatively balanced composition with increasing 

proportion of Dinoflagellates, green algae, Diatoms, 

Cyanobacteria, Euglenoids, respectively. In site S4 tow 

groups including green algae and Cyanobacteria were more 

than 83% of total phytoplankton density and site S5 was 

dominated by green algae (82%). Site S6 assemblage 

contained Cyanobacteria (60%), while three groups 

(Diatoms, Dinoflagellates, Euglenoids) were less than 7% 

(Figure 4). Additionally, the dominant species of each 

functional groups (Diatoms, Dinoflagellates, 

Cyanobacteria, Green algae, and Euglenoids) were 

Nitzschia longissima, Protoeridinium conicoides, 

Anabaena sp., Tetraselmis gracilis, and Euglena sp., 

respectively. 

The biplot of Principle Component Analysis (PCA) 

demonstrated ordination pattern of 5 phytoplankton groups 

in 6 study sites (Figure 5). We found relative separation of 

site S5 in positive ordinate of both components with fewer 

points overlapping in the middle which was well correlated 

with 3 groups of phytoplankton (Euglenoids, Green algae, 

and Diatoms). Sites S6 and S2 can be found only in 

negative side of component 1 that were negatively 

correlated with Dinoflagellates. However, sites S1, S3, and 

S4 have most overlap with together in both ordinations 

(Figure 5).   

Environmental parameters-species relations based on 

first tow components correlation matrix using data series of 

four season assemblage revealed that Diatoms such as 

Navicula sp. Nitzschia sp. and Chaetoceros sp. as well as 

Chlorella sp. that was a green algae were correlated best 

toward positive side of axis 1 and negative side of axis 2 

which shows positive correlation with factors of EC, total 

Nitrogen, and Salinity that address the distribution 

condition (Figure 6). Meanwhile, Euglenoids (Euglena sp.) 

were correlated positively along both axes which are total 

phosphorus, and total silica. Cyanobacteria's species such 

as (Anabaena sp. and Chroococcus limenticus) show more 

different range of correlation with Turbidity in negative 

side of axis 1 to DO in positive side. Green algae such as 

(Clamydomonas ovalis, Crucigenia quadrata, and 

Chlorella sp.) were positively correlated with parameters of 

pH, water temperature and negatively correlated with 

Turbidity. Dinoflagellates were correlated with all 

environmental parameters equally. However, species such 

as Prorocentrum micans and Prorocentrum minimum were 

positively correlated with turbidity (and negatively in some 

sites and season) and with water temperature (Figure 6). 

Discussion 

According to Chan and Hamilton (2001), spatial 

changes of phytoplankton communities observed in 

Gomishan Lagoon can be explained by environmental 

parameter tolerance. In addition, seasonal dominance of 

phytoplankton groups depends on resources and physical 

factors  (Fogg 1991). Therefore, applied spatiotemporal 

scenarios of this research can address seasonal succession 
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and spatial heterogeneity by cluster similarity analysis. 

(Dis)Similarity cluster analysis indicates that southern 

Gomishan Lagoon during cold season (winter and autumn) 

and northern site during warm season (summer) were the 

most different scenarios related to physicochemical 

parameters. 

Salinity has the biggest effect on phytoplankton 

dominance  (Varona-Cordero et al. 2010) salinity of 

Gomishan Lagoon was tolerant with river inflow in the 

south, however, in the northern part of the lagoon it 

changed by season and temperature due to shallowness. 

Minimum and maximum of salinity were measured in the 

north (summer) and south (autumn), relatively. Therefore, 

the most seasonal dissimilarity of physico-chemical factors 

occurred in the related scenarios. 

 

 

 

 

 

 
 
 

Figure 4. Spatio-temporal distribution of phytoplankton in Gomishan Lagoon (2014-2015). Study sites were (S1 to S6) during seasons 

(A) winter, (B) Spring, (C) Summer, (D) Autumn 
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Figure 5. Spatial separation based on the PCA matrix. Log-transformed abundance of 5 phytoplankton groups is used to establish 

principle components  

 

 

 
 

Figure 6. Environmental parameters-species correlation using canonical correspondence analysis (CCA) between 9 sets of 

physicochemical variables and collected phytoplankton species. P, S, WT, and N stand for total phosphorus, total silica, water 

temperature, and total nitrogen, relatively 

 

 

 

 

Meso-saprobic phytoplankton groups such as 

Chlorophyta occurred during whole year which shows that 

these groups are more adaptable group (Esmaili-Sari 2001). 

However, common temperate blue green algae that are 

implemented in harmful algae bloom (HAB) such as 

Anabaena sp. that were the dominant species within the 

group (Cyanobacteria) occurred only in warm season. In 

total, brackish centric Diatoms such as Pleurosigma 

delicatulum, Pleurosigma strigosum, Thalassiosira parva, 

Chaetoceros sp., Nitzschia longissima, Nitzschia 

closterium, Nitzschia sp., Navicula sp., Coconeis sp., 

Rhizosolenia calcaravis, Triblionella hungarica were the 

most diverse group of phytoplankton in Gomishan Lagoon  

(Khelfeh 2009). Seasonal taxa analysis revealed that taxa 

diversification in Gomishan Lagoon during spring was the 

highest, while during winter the identified number of 

species was minimum.  

Generally, small-chained diatoms such as genus 

Skeletonema have been seen in the beginning of the bloom  

(Suthers and Rissik 2009). The occurrence of Skeletonema 
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costatum in site S6 during summer and high density of 

Cyanobacteria and Dinoflagellates in this site made this 

scenario potentially had the most evidence for occurring of 

HAB. Pinnate Diatoms including Genus Navicula were 

present all over the year and reached a peak in summer. 

According to Kiabi et al. (1999) and our study, some 

species in Gomishan Lagoon have yet to be fully defined 

such as (Anabaena sp., Synechococcus sp., Microcystis sp., 

Scillatoria sp., Mersmopedia sp., Spirulina sp., 

Chaetoceros sp., Coconeis sp., Nitzschia sp., Navicula sp., 

Gymnodinium sp., Peridinium sp., Protoperidinium sp., 

Euglena sp., Chlorella sp.). Basically more identification 

studies are needed. 

In conclusion, Gomishan Lagoon had high variation of 

heat through northern to southern parts. Among all the 

environmental factors, salinity had the most influence on 

phytoplankton communities, thus salinity is the key factor 

in controlling plankton communities. Meso-saprobic 

phytoplankton communities such as Chlorophyta are the 

most adaptable group in Gomishan Lagoon. Phytoplankton 

community had high biodiversity during spring season. 

Southern part had the most potential vulnerability to 

harmful algae bloom in Gomishan Lagoon. 
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Abstract. Sopialena, Suyadi, Sahil M, Nurdiana J. 2018. The diversity of endophytic fungi associated with Piper nigrum in the tropical 

areas: a recent study from Kutai Kartanegara, Indonesia. Biodiversitas 19: 2028-2034. This research aimed to identify the diversity of 

endophytes fungal in the root and leaves of Piper nigrum Linn. This research contributes to the knowledge gaps by focusing the 

discussion on the Endophytic fungal communities of Piper nigrum Linn in tropical areas at Kutai Kartanegara, Indonesia. Two certain 

plots within the study area were selected based on the different characteristics of topographic contours. The locations, named Plot A was 

characterized by ramps area, while plot B was sloping or hilly area. A total of 55 isolates were obtained from the root and the leaves of 

healthy plants, 35 isolates were from Plot A and the other 20 isolates were from plot B. Based on Shannon index (H’), both of the plots 

corresponded to the same genus; namely Aspergillus sp., Fusarium sp., Nigrospora sp., and Trichoderma sp, and categorized as medium 

diversity. In this regards, this study confirms that the genus Aspergillus sp. and Fusarium sp. represent a large part of the diversity of 

Endophytes fungi. As the study indicates that plot B has higher diversity of endophytic fungi compared to plot A, it shows that the hilly 

area turns out to be a better location for Piper nigrum Linn.  

Keywords. Pepper, Endophytic fungi, diversity index, dominance index.  

INTRODUCTION  

Pepper (Piper nigrum L) is a type of plant which is 

widely used as a spice and pepper oil. In Indonesia, pepper 

becomes the fifth largest foreign exchange earner in the 

spice group and the fifth after rubber, tea, oil palm, and 

coffee. Indonesia is one of the world's second largest 

exporter of pepper. The largest pepper producing provinces 

in Indonesia included Lampung, Bangka Belitung, South 

Sumatera and East Kalimantan (Directorate General of 

Plantations GOI 2011). 

In the cultivating process; either modern or 

conventional, many plant-disturbing organisms such as 

pests or diseases get in the way and cause cropping 

disturbances. The diseases may be caused by viruses, 

bacteria or fungi, which are pathogenic to pepper plants 

and could result inthe reduced crop production. 

Nevertheless, some fungi have mutualism interaction 

properties to the host called endophytic fungi. Endophytic 

fungi are known to live in plant tissues such as leaves, 

flowers, fruits or plant roots over a period and can live by 

forming colonies in plant tissues without harming the host 

(Clay 1988). According to Azevedo et al. (2000) and 

Khastini et al. (2014), endophytic fungi have an important 

role in host tissue which exhibits a mutualistic interaction, 

i.e., positive interaction with the host and negative 

interaction with plant pest organisms. 

Endophytic fungi can produce secondary metabolites 

from their host plants by adopting some genetic 

information from its host (Strobel and Daisy 2003; Rubini 

et al 2005). Meanwhile, Worcher et al (2013) stated that 

endophytic fungi would benefit from the supply of 

nutrients, and can endure the unfavorable environmental 

pressures. On the other hand, host plants can benefit from 

the induction of resistance to various pressures, both by 

biotic and abiotic factors, and can also increase their 

growth, through the production of phytohormones, 

increased access to minerals and nutrients, and synthesis of 

antagonistic metabolites (Labeda 1990; Tejesvi et al. 2010; 

Drigo et al. 2010). 

Associated endophytic fungi in host plants may vary 

(Azevedo et al. 2000; Rodriguez 2009; Saunders et al. 

2010; Suyadi et al. 2017). In tomato plants, for instance, 

there are several genera of endophytic fungi such as 

Acremonium sp., Aspergillus sp., Cephalosporium sp., 

Fusarium sp., Helicocephalum sp., Penicillium sp., and 

Rhizopus sp. (Wulandari et al. 2014). Whereas fungi found 

in leaf tissues, stems and roots of potato plants consisted of 

12 genera (Tirtana et al. 2013). Further, Puspita et al. 

(2013) found that endophytic fungi within the genus 

Colletotrichum was dominant in citrus plants. More 

number of endophytic fungi were isolated from plant parts 

of clove, i.e., Curvularia sp., Colletotrichum sp., Mucor 

sp., Gonatobotryum sp., Aspergillus sp., Beltrania sp., and 

Aspergillus sp. (Shofiana et al. 2015). Moreover, Mandyam 

et al. (2013) and Wang et al. (2014) also mentioned that the 

presence of endophytic species always associated with the 

host’ microhabitat conditions and genotype of the host 

plants and the endophytic fungi. Thus it affects the 
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diversity of endophytic colonies and host infectivity (Borer 

et al. 2013; Aaron et al. 2016). 

Considering the abundant studies related to endophytic 

fungi, however, the analysis of endophytic fungi in pepper 

plants is limited, particularly in Indonesia. On the other 

hand, pepper plants have an important role in Indonesian 

economy. Therefore, this study considers that it is very 

important to analyze the diversity of endophytic fungi in 

the pepper plant to increase its productivity. As a result, 

this study can improve the yield of pepper plant in the areas 

with poor endophytic association by investing the potential 

mushrooms to become endophytic fungi. 

MATERIALS AND METHODS  

The leaf and root sampling 

This study was conducted in Batuah Village, Loa Janan, 

Kutai Kartanegara District, East Kalimantan, Indonesia 

from March to May 2018. The data collection of 

endophytic fungi on leaves and roots of pepper plant was 

conducted by using a systematic method (systematic 

sampling). The sample of plants were located at the 

position of the diagonal line (Figure 1); five plant samples 

were taken from the healthy plants exhibiting no symptoms 

of pests and diseases attack (Figure 2. A-B). From each of  

the selected sample (Figure 2.C-F), a stratified random 

sampling was applied to identify and divide the leaf and 

root into strata. For the root, three strata were taken into 

consideration; at a depth of 2, 4 and 6 cm (Figure 3. A-C). 

The isolation of endophytic fungus 

Endophytic fungi were isolated by the following steps: 

the surface of leaves and root samples were sterilized using 

the alcohol and aquadest to make the growing fungus 

appear within the leaf tissue and roots of the pepper plant. 

Each of the sample was cut at ± 1 cm in length, and was 

sterilized using 5% NaOCL solution. The samples were 

later soaked in 70% alcohol in approximated one minute. 

This process was replicated twice, before drying it using 

the sterile tissue and growing it into the Potato Dextrose 

Agar (PDA) media inside the petri dish. In the last rinse, 

about 1 ml of aquadest were poured into new PDA media 

and used as a control. If fungus grew in the controlled 

sample, then the isolated fungus from the leaf and root 

samples are not endophytic fungi, as the endophytic fungi 

only found in healthy plants to help them increasing the 

resistance of the plants and absorbing the nutrients. On the 

other hand, the fungus found in the sick plants, are 

classified as pathogen that harms the plants instead of the 

biological agents.  

Purification 

Any fungal colony that grew later was purified on a 

new PDA medium. Purification was done on every fungal 

colony that was considered distinct based on macroscopic 

morphology that includes the color and shape of the 

colony. Each of these microorganisms was separated, taken 

using an ose needle, and then grown again in a petri dish 

containing a solid PDA. If the fungus that grows is still 

mixed with other mushrooms, there is a need to perform 

another purification to obtain the purely isolated fungi. 

Preparation 

Fungi that have been successfully purified on PDA 

media, were later incubated for 7-10 days in the wet tissue 

covered by a glass cover.  

 

Observation and identification 

This study employed a direct survey and observation to 

collect the data in the field. The information collected was 

used to identify the diversities of endophytic fungi in two 

different areas. The areas were selected based on the 

different topography and the pepper cultivation methods at 

two different locations in Batuah Village. The collected 

microorganisms were identified based on Barnett and 

Hunter (1988) by matching some of the morphological 

characters; macroscopically and microscopically. 

Data analysis 

Diversity Index (H ') of Shannon (Odum 1971; Goswami 

2015) 

The H’ diversity index was used to determine the 

diversity levels of root and endophytic leaf fungi in two 

locations in Batuah Village. The formula for calculation of 

diversity index is as follows:  

 

H’=-∑ Pi ln (Pi); Pi  

Where,  

H ' : Shannon-Wienner diversity index 

ni : Number of individuals of type I 

N : Number of individuals of all types 

The diversity level was determined based on the criteria 

according to Brower and Zar (1977) and defined as 

follows:  

H '<1 : low diversity 

1<H '<3 : medium diversity 

H '> 3 : high diversity 

Uniformity Index (E) (Ludwig and Reynold, 1988) 

The uniformity index is used to determine the balance 

of the fungal community. It is based on the size of the 

similarity of the number of individuals among species 

within a community. The formula for calculation of 

uniformity is as follows:  
 

 

 
 

Figure 1. An illustration of the sampling plots. : Plant samples 
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Figure 2. A. Sampling location in Plot A, B. Sampling location in Plot B, C. The pepper plants selected as samples in Plot A, D. The 

leaf and root samples in Plot A, E. The pepper plants of Plot B, F. The leaf and root samples in Plot B 

 

 
 

 
 

Figure 3. Three root strata A. 2 cm, B. 4 cm, C. 6 cm 

  

 

Where, 

E  : Uniformity index 

H ' : Shannon diversity index 

s : Number of genus/species  

 

The uniformity level was determined based on criteria 

according to Brower and Zar (1977) and defined as 

follows:  

 

0.00 <E <0.50 : Small uniformity, depressed community 

0.50 <E <0.75 : Moderate uniformity, community l 

0.75 <E <1.00 : High uniformity, stable community 

B 

C D 

E F 

A 

A 

B 
C 
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The dominant index (C) (Odum, 1971) 

The dominant type index is used to determine the 

dominance of endophytic fungus species in a community. 

The Dominance index was calculated using the following 

formula:  

 

C =  (ni/N)2 

 

Where, 

C  : Simpson dominance index 

ni  : Number of individual types I  

N : Total number of individuals 

The value of dominance index ranged from 0-1 and 

based on the criteria proposed by Hamsiah (2006) and 

Hamsiah et al. (2016) as follows:  

0.00 <C <0.50 : Low 

0.50 <C <0.75 : Medium 

0.75 <C <1.00 : High 

RESULTS AND DISCUSSION 

The general condition of the research sites 

The study site was located in Batuah Village, Loa 

Janan, Kutai Kartanegara District, East Kalimantan, 

Indonesia. Batuah lies at an altitude of 500 m above a sea 

level with monthly rainfall between 66.9-212.7 mm or 

about 13-18 rainy days per month. The rainy season begins 

between April-August. The relative humidity was 87%, and 

the average air temperature recorded was between 25-27oC, 

whereas the temperature difference between maximum and 

minimum, was about 14oC. In addition, based on the data 

collected from the Meteorological, Climatology, and 

Geophysics Bureau, the average rainfall in the area of Loa 

Janan and its surrounding was about 155.4 mm per year. 

The location of the study was divided into two sites; 

namely Plot A and Plot B of which they have different 

topographic contours. Plot A has a sloping topography or 

while Plot B is a slope or hilly area. At the time of 

sampling, the observed plants were in good condition, free 

of pests or diseases attack. 

Based on the isolation and identification of endophytic 

fungi of the samples in plot A and plot B, a total of 55 

different endophytic fungi colonies of the pepper plant 

(Piper nigrum Linn.) was obtained. As seen in Figure 4.A-

B and Figure 5.A-C, there were four genera of endophytic 

fungi in both locations, namely Aspergillus sp., Fusarium 

sp., Nigrospora sp., and Trichoderma sp. but the genera of 

Aspergillus sp. and Fusarium sp. were the most dominant. 

However, as seen in Table 1 that the diversity of root and 

leaves born endophytic fungi in Plot B was higher than Plot A. 

The difference of endophytic fungal diversities in Plot 

A and Plot B, was determined based on calculated 

diversity, uniformity, and domination. This study suggests 

that the use of different cultivation method in each plot 

may affect the level of endophytic fungal diversity. It is 

mentioned that the presence of endophytic fungi, as well as 

the variations of its isolates, are affected by host species, 

plant parts, and location (Ghimire et al. 2011; Kivlin et al. 

2013). The calculated Shannon diversity index (H'), 

uniformity index (E), and dominance index (C) are 

presented in Table 2. 
 

Table 1. The diversity of endophytic fungi in the research location 

 

Endophytic fungi 
Number of colonies 

Plot A Plot B 

Fusarium sp. 12 7 

Nigrospora sp. 1 2 

Trichoderma sp. 7 5 

Aspergillus sp. 15 6 

   

∑ Colony 35 20 

∑ Genera 4 4 

 

 

  

 

Figure 4. Microscopic features of the genus Fusarium sp isolated 

from pepper plants in Loa Janan, Kutai Kartanegara, Indonesia. 

(a) Macroconidia; (b) Microconidia 

 

 

 

   

A B C 
 

Figure 5. Microscopic features of endophytic fungi isolated from pepper plants in Loa Janan, Kutai Kartanegara, Indonesia. A. 

Nigrospora sp., B. Aspergillus sp., C. Trichoderma sp.  

a b 
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Tabel 2. The diversity analysis of endophytic fungi in Loa Janan, 

Kutai Kartanegara, Indonesia 

 

Location 
Index value ∑ 

Genera 

∑ 

Species 

∑ 

Colonies H' E C 

Plot A 1.154 0.832 0.658 4 35 39 

Plot B 1.306 0.942 0.715 4 20 24 

        

Total 2.460 1.774 1.373 8 55 63 

Average 1.230 0.887 0.687 4 27.5 31.5 

Note: H': diversity index, E: uniformity index, C: dominance 

index  

 

Diversity index (H ') 

As seen in Table 2, the level of diversity of endophytic 

fungi was higher in Plot B as compared to that in Plot A. 

However, based on the criteria of the number of individuals 

spreading per medium species, the index value of 

endophytic fungi and root pepper fungi, either in Plot A 

(1.154), and Plot B (1.306) are considered as medium 

diversity. Brower and Zar (1977) stated that the index value 

of <1 is included in the criteria of low diversity with the 

spread of the number of individuals of each species is low. 

The index value of 1-3 is considered as medium diversity 

with the spread of the number of individuals of each 

species, while the index value > 3 is included in the criteria 

of high diversity. 

Dominance Index (C) 

Table 2 shows that the level of dominance of 

endophytic fungi in Plot B was greater than the level of 

dominance of endophytic fungi in Plot A. Even so, the 

index values of dominance in Plots A and Plot B are 

categorized as medium criterion. This finding is supported 

by the study proposed by Hamsiah (2006) which stated that 

if the value of the dominant index between 0.00-0.50 is 

considered low, between 0.50-0.75 is medium, and 

between 0.75 to 1.00 is high. 

Figure 6 indicates the result of the analysis of 

endophytic fungi found in the root and leaf. It can be seen 

that the genus of Aspergillus sp. and Fusarium sp, were 

dominant in both plot A and B.   

 

 

 

 
 
Figure 6. Dominance index 

Uniformity index (E) 

Based on the result shown in Table 2, the level of 

uniformity of endophytic fungus in Plot B was higher than 

that of Plot A. This finding is based on the total index 

uniformity of endophytic fungi in Plot A as of 0.83, 

whereas the index of uniformity of endophytic fungi in Plot 

B was 0.94. 

Discussion 

This study revealed that the endophytic fungus 

dominated in the two different sampling sites have the 

same genus, i.e., Fusarium sp., Nigrospora sp., Aspergillus 

sp., and Trichoderma sp. This finding is in line with the 

study conducted by Kusumawardani et al. (2015) which 

located Fusarium sp. and Trichoderma sp. in the isolated 

endophytic fungi in pepper plant tissue. Also, several 

studies explained that the genus Aspergillus sp., 

Trichoderma sp., and Nigrospora sp. are known as 

endophytic fungi. Though the genera of the endophytic 

fungus are similar, but the number of endophytic fungi 

colonies at two different sampling sites was different. As 

many as 55 isolates of endophytic fungi were found, where, 

the number of isolates found in plot A was higher than that 

in Plot B. 

However, the level of diversity of endophytic fungus in 

Plot B was greater than Plot A, even so, based on the 

spreading of some individuals of each species, both are 

considered as low. This is allegedly due to the influence of 

the cultivation methods employed by the local people 

which may affect the growth of fungi. In the hilly area, the 

diversity of endophytic fungi is higher because the 

humidity is better compared to sloping area. Also, this area 

receives more sun exposure and helps to increase the 

resistance of the plants to pathogens, thus the endophytic 

fungi can be found more as they are associated with healthy 

plants. Further, biotic and abiotic factors influence the 

abundance of endophytic fungi. Biotic factors consist of 

varieties and host species, while influential abiotic factors 

cover the weather factors, i.e., temperature, relative 

humidity, and groundwater content as well as the 

cultivation techniques (Evans and Wallenstein 2012; U’ 

Ren et al. 2012; Craine et al., 2013). This is confirmed by 

Petrini et al. (1992) and David et al. (2016) that the 

abundance and diversity of endophytic fungi in colonizing 

the host is influenced by several factors such as differences 

in crop varieties, sampling sites, rainfall, and cultivation 

aspects. These factors will illustrate the high level of 

colonization of an endophytic fungus in the crop. In 

addition, the dominance of species that colonize the host 

will be different for each sampling (Petrini et al. 1992). 

Further, among of the factors that can affect the 

existence of endophytic fungi is the cultivation process. 

This covers any adopted process to increase plant 

production, included the use of fertilizers and pesticides. 

From the observation, this study revealed that conventional 

farming was applied in the two sampling sites. 

Conventional agricultural cultivation means that the use of 

inorganic fertilizer and synthetic pesticides is more 

intensive rather than organic farming. In organic fertilizer 
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farming land, manure is given in the land preparation, and 

then two weeks after the planting, it is continued by the 

biological fertilizer. On the other hand, in the conventional 

land, the chemical fertilizer, i.e., urea was used three times 

at the age of 7, 21 and 35 days after planting. Though the 

same conventional planning was being applied, however, 

the sun exposure and the humidity which are different in 

both sites, are likely to bring different effects to the plants. 

The samples of this study were the two years old pepper 

plants provided with fertilizers at intervals of once in every 

three months. The fertilizer used was compound NPK 

fertilizer (dose 0.5 kg/plant) and compost (2 kg/ plant) 

given in a rotation base at three times per year.  

It is commonly known that the use of pesticides brings 

negative effect by impeding the growth of the plants and 

the endophytic fungi. It is mentioned that the avoidance of 

pesticides has a positive effect on the number of the 

endophytic fungus (Compants et al. 2005; Sopialena 2014). 

Further, the chemical fertilizers and pesticides have 

chemical contents that may affect the metabolism of plants. 

The host plant whose metabolism is disrupted is likely to 

affect the amount or diversity of endophytic fungi in it. 

In addition, this study also found that the cultivation 

method, such as plant spacing used also play an important 

role. The pepper plants in Batuah Village in both sampling 

sites were grown in plant spacing of 1.5 m x 1.5 m, while, 

the recommended distance for pepper should be 2.0 x 2.0 

m. Ariyanto et al. (2013) said that the narrower plant 

spacing makes the nutrients absorbed by the plant is less 

than optimal, while a wider plant spacing allows the plants 

to have enough nutrients. Healthy and nutrient-rich plants 

will be able to provide the elements needed by endophytic 

fungi to live in plant tissues. 

Based on the information collected from the 

Meteorology Bureau, Loa Janan is classified to have a high 

rainfall with the estimation of 66.9-212.7 mm per month. 

Petrini et al. (1992) stated that the high colonization of 

endophytic fungi is positively correlated with the altitude 

and environmental conditions of a place, including the 

rainfall. Further, the presence of endophytes depends on the 

plant host as long as the nutritional requirements and 

environmental conditions are met (Petrini 1996). Petrini et 

al. (1992) also found that the diversity and abundance of 

endophytic fungi in the Alps was very high. In addition, 

permanent snow cover caused high humidity which 

supported the development of the fungus (Sopialena and 

Pratiwi 2017). However, the diversity of endophytic fungi 

did not have a clear pattern in the distribution of each site, 

as the chaos and sample size was too small to identify 

differences in host relations in endophytic fungal colonization 

(Canon and Simmons 2002; Larimer et al. 2012). 

Previous studies have identified some genera of 

endophytic fungi and their antagonistic potential (Yu et al. 

2010; Yan et al. 2011; Lestari et al. 2018). Kusumawardani 

et al. (2015) managed to isolate several types of endophytic 

fungi on pepper plant tissues namely Acremonium sp., 

Cephalosporium sp., Colletotrichum sp., Curvularia sp., 

Fusarium sp., Humicola sp., Scytalidium sp. and 

Trichoderma sp. as well as some unidentified isolates. 

Several endophytic fungal isolates used in the study were 

known to inhibit the growth of Phytophthora capsici which 

causes the stem rot disease in pepper plants. This is 

because the endophytic fungus and its host can form a 

mutually beneficial relationship (Narayan et al. 2013). 

However, in this study, there were still disease symptoms 

although low intensity, mainly because of the 

environmental factors. Other factors that allegedly affected 

the growth of P. capsici on pepper plant stems, namely the 

condition of vulnerable plants and the presence of 

inoculation when the injection, so that pathogens can easily 

penetrate the plant tissue and cause infection. 

This study has proven the existence of endophytic fungi 

and its diversity living in the root and the leaf of pepper 

plants in Batuah village. The finding is along with the 

research conducted by Wahyuno et al. (2017) who also 

conducted endophytic fungus on pepper seeds. They 

concluded that not all endophytic fungi from pepper root 

were effective to suppress P. capsici attack on the seed. In 

addition, pepper seeds that were inoculated by endophytic 

fungus by immersing their rooting into the suspension of 

endophytic fungus culture did not have any significant 

effect. The endophytic fungus obtained needs to be selected 

to prove that the isolates obtained have a positive effect on 

the seeds of the pepper plant. It is found that not all 

endophytic fungi help plants to withstand environmental 

stress (Gao et al. 2010; Giauque and Hawkes 2013). The 

diversity of endophytic fungi species successfully isolated 

is also influenced by host species, plant parts, and the 

seasons at when the samples are collected.  
This study shows that the diversity of endophytic fungi 

collected from the root and the leaf of pepper plants in 

Batuah village. The diversity in Plot B was higher 

compared to Plot A. There were four genera of endophytic 

fungi in both locations, namely Aspergillus sp., Fusarium 

sp., Nigrospora sp., and Trichoderma sp. but the genera of 

Aspergillus sp. and Fusarium sp. dominated the others. 
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Abstract. Authors. 2018. Morphometric characteristics of two seagrass species (Enhalus acoroides and Cymodocea rotundata) in four 

small islands in North Maluku, Indonesia. Biodiversitas 19: 2035-2043. Seagrass has an important ecological role as a protector of 

coastlines and small islands. It is known to be capable of forming phenotypic plasticity through morphometric variation as a response to 

its environmental conditions. This study aimed to determine the distribution and morphological differences between populations of two 

important seagrass species (Enhalus acoroides and Cymodocea rotundata) in the waters around four small islands in North Maluku. The 

study was conducted at two stations in each of Ternate Island and Maitara Islands, three stations at Tidore Island and one station at Hiri 

Island. A line transect method was used to collect seagrass samples. Morphometric characteristics included leaf sheath length, leaf 

length, leaf width, rhizome diameter, root length, root diameter, and internode length were measured. Discriminant analysis was 

performed to describe morphometric characteristics distinctive of the four islands. Leaf sheath length, leaf length, rhizome diameter, and 

root length of E. Acoroides differed significantly among the populations from the various islands except for leaf width. Meanwhile, leaf 

sheath length, leaf width, rhizome diameter, root length, and internode length differed significantly in C. rotundata among the 

populations from different islands except for leaf length.  

Keywords: Cymodocea rotundata, discriminant analysis, Enhalus acoroides, morphometric variation, North Maluku  

INTRODUCTION 

The seagrass ecosystem occupies the coastal region as a 

meeting point between land and sea, creating a truly 

dynamic and heterogeneous ecosystem. The species living 

in this area need to adapt to large environmental variations. 

This variation leads to phenotypic plasticity and/or 

adaptation in many species, resulting in high levels of 

variation operating at different organizational levels 

(Arellano-Méndez et al. 2011). Seagrasses are well-known 

to be able to respond to environmental conditions by 

exhibiting morphological plasticity. Morphological 

plasticity in seagrasses can be seen in terms of variations in 

morphometric characteristics such as leaf length, leaf 

width, number of leaves per shoot, rhizome size, internode 

length, and root length (Hackney and Durako 2004). 

Variations in morphometric characteristics have been 

widely used to quantify plant diversity (Suwanvijitri et al. 

2010), to distinguish seagrass populations, which occupy 

different habitats, either spatially or temporally, in the 

waters, and as an indicator of environmental health. 

Various studies have been conducted on many seagrass 

species such as Thalassia testudinum (Hackney and Durako 

2004; Arellano-Méndez et al. 2011), Halodule wrightii 

(Creed 1997), Halodule uninervis and Halodule pinifolia 

(Sidik et al. 1999), Enhalus acoroides (Johnstone 1979; 

Verheij and Erftenmeijer 1993; Ambo-Rappe 2014, Putra 

et al. 2018), Halophila ovalis and Halodule uninervis 

(Hedge et al. 2009), Halophila stipulacea (Procaccini et al. 

1999), and Halophila hawaiiana (McDermid et al. 2003). 

Seagrasses can be found throughout the world except at 

the poles, and there are approximately 60 species of 

seagrass worldwide grouped into 13 genera and five 

families (Short et al. 2003). In Indonesia, there are 

currently 12 species of seagrasses belonging to seven 

genera, of which three genera are from the 

Hydrocharitaceae family (Enhalus, Thalassia, and 

Halophila), and four genera are from the 

Potamogetonaceae family (Syringodium, Cymodocea, 

Halodule and Thalassodendron) (Azkab 1999, Wahab et al. 

2017). Cymodocea rotundata and Cymodoce serrulata are 

seagrass species found in Indonesian water. Enhalus is a 

genus of containing only one species, Enhalus acoroides, 

which is the most abundant seagrass species in Indonesia. 

Cymodocea rotundata Ascherson & Schweinfurth and 

Enhalus acoroides (L.f) Royle both play important roles in 

their respective ecosystems, with E. acoroides providing 

shelter for fish and shrimp juveniles, whereas C. rotundata 

is a major food plant for Dugong food in eastern Indonesia 

(Tomascik et al. 1997). Seagrass has also inhabited by 

macrozoobenthic (Wahab et al. 2018). In addition, both 

species of seagrass have bioprospecting value because they 

contain secondary metabolites. E. acoroides contains 

bioactive phenolic compounds that show potential 

antioxidants activities (Raja-Kannan et al. 2010) whereas 
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extracts of C. rotundata seagrasses have antibacterial and 

antimicrobial activities (Mani et al. 2012). 

North Maluku is one of the provinces located in eastern 

Indonesia consisting of large and small islands that make 

up the North Maluku islands with Halmahera Island being 

the largest island in the region. Ternate, Maitara, Tidore 

and Hiri Islands are the cluster of islands located opposite 

Halmahera Island on the west side. C. rotundata and E. 

acoroides can be found on all four islands. Good seagrass 

conditions have been recorded on Hiri and Maitara Islands, 

whereas seagrass conditions in Ternate and Tidore Islands 

are categorized as quite good with seagrass density lower 

than those on Hiri (Rahmawati and Rashidin 2012). To 

date, research on the morphometric characteristics of these 

two species of seagrass, E.acoroides and C. rotundata in 

Indonesia, especially in North Maluku has not been 

conducted to discriminate between the populations of the 

same species on different islands. Increased knowledge and 

information on morphometric characteristics would be able 

to explain the seagrass ability to adapt the environmental 

changes, which demonstrate its resilience. The present 

study aimed to determine the distribution of E. acoroides 

and C. rotundata over four islands and evaluate variation in 

morphometric characteristics of these two seagrasses in 

terms of adaptation to different conditions in North 

Maluku.  

MATERIALS AND METHODS 

Study area 

The sampling of the two seagrass E. acoroides and C. 

rotundata was conducted in the waters off Ternate Island, 

Maitara Island, Tidore Island, and Hiri Island, North 

Maluku (Figure 1). Administratively, the research locations 

were located in Ternate City and Tidore Kepulauan City. 

The study site in the Ternate City region includes the 

waters off Ternate Island and Hiri Island, whereas Tidore 

Kepulauan City consists of the island of Tidore and 

Maitara. Ternate is an archipelago city composed of eight 

islands. The area of Ternate is 5.709.58 km2, which 

includes 162.03 km2 land area and 5,547.55km2 sea area. 

The Ternate Island area is of 101.5730 km2 inhabited by 

207,091 people. Hiri Island is approximately 14 km from 

Ternate Island, with an area 6.70 km2, which is inhabited 

by 3,124 people (BPS-Statistics of Ternate Municipality, 

2017). Sampling sites on Ternate island were located at 

Kelurahan Kastella (Tte1) and Gamalama (Tte2), whereas 

the site on Hiri Island was situated at Tafraka (Hr1). Tidore 

Kepulauan City has regional characteristics of an 

archipelago area, consisting of 10 islands. The area of 

Tidore Kepulauan City approximately 1,550.37 km2 (BPS-

Statistics of Tidore Kepulauan City, 2016), of which Tidore 

island has a land area of approximately 11,883.75 ha 

(hectare), whereas Maitara island is approximately 292.93 

ha (Giyanto, 2012). Sampling sites in Tidore Island were 

located at three sites at Kelurahan Mafututu (Tdr1), Tosa 

(Tdr2), and Dowora (Tdr3). The sampling and 

measurement work was conducted between May and 

August 2017. The study stations were located on the 

windward and leeward waters (Figure 1). Each research 

station consisted of three observation substations. The 

distance between each observation substation is 50 m, 

whereas the distance between the observation points at 

each substation is 20 m, but it can be adjusted to the 

condition of the research location.  

Data collection and morphometric measurements of 

seagrass 

Data collection from each seagrass station was 

performed using a line transect method and observation 

plot, as described by English et al. (1997). At each sub-

station, a transect line was drawn 100 m perpendicular to 

the shoreline with an observation distance in each sub-

stations was 50 m. In each transect, the 1 m x 1 m 

observation plot (at each observation point) was placed 

along the transect, with a distance of 20 m between 

successive points at 20 m. The identification of each 

seagrass species was confirmed by Phillips and Menez 

(1988). At each observation point, specimen of E. 

acoroides and C. rotundata were collected and the 

morphometric characteristics were measured using the 

methods of Hackney and Durako (2004) with a 

modification in core sampler size. Seagrass samples were 

taken from the sediment, with a core sampler (made of 

PVC pipe, 10 cm in diameter, and 30 cm long) in order to 

obtain the rhizome and roots. Seagrass sampled in this 

manner were then washed to remove any sediment and then 

separated by species. 

 

 
 

 

Figure 1. Sampling sites and their location on Hiri Island (Hr 1), 

Ternate Island (Tte1; Tte 2), Maitara Island (Mtr 1; Mtr 2) and 

Tidore Island (Tdr 1; Tdr 2; Tdr 3) (in red) in North Maluku, 

Indonesia 
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Morphometric measurements were performed on each 

specimen of each seagrass species, E. acoroides and C. 

rotundata. The above-ground measurements of 

morphometric characteristics were performed on all intact 

shoots (for green leaves) in a single seagrass stand and 

included leaf sheath length (cm), leaf length (cm) and leaf 

width (cm). The below-ground measurements of 

morphometric characteristics included rhizome diameter 

(cm), internode length (only C. rotundata), root length 

(cm) and root diameter (cm) (only for E. acoroides). 

Additionally, the number of leaves per stand was calculated 

and the presence of flowers and fruits was recorded. The 

environmental parameter data in the water such as 

temperature, salinity, pH, dissolved oxygen (DO), and 

turbidity were collected using a Water Quality Checker 

instrument (Horiba) and the sediment sample was collected 

using core sampler.  

Data analysis 

The morphometric characteristics of each seagrass 

species (leaf sheath length, leaf length, leaf width, rhizome 

diameter, root length, root diameter, and internode length) 

were measured at each location and station and the  

morphometric characteristics distinguishing the two 

seagrass species on all four islands were analyzed by 

discriminant analysis and processed using XLstat 2014. 

The discriminant analysis aimed to classify an individual or 

observation into mutually exclusive/disjoint and exhaustive 

groups based on some independent variables (Bengen 

2000). Each parameter value was present as mean±SE. 

RESULTS AND DISCUSSION 

Morphology and morphometric characteristics of 

Enhalus acoroides and Cymodocea rotundata 

The study showed that both species of E. acoroides and 

C. rotundata were widespread in the survey area and were 

found in four islands, indicating that the local environment 

of the study areas was able to support the growth of both 

species of seagrass (Table 1). The water temperatures 

obtained were within the range of 27.3 -29.7oC, salinity 

was within the range of 33.4 o/oo-35.2 o/oo, and pH value 

within the range of 4.8-9.5, whereas the dissolved oxygen 

(DO) within the range of 7.8-12.7 mg/l. The water current 

velocity at the study sites was within the range of 0.016-

0.08 m/s. The organic matter concentration was within 

7.29%-24.43%. The overall substrate conditions at the 

study sites were dominated by fine sand and very fine sand, 

except for those at Station Tte 2, the substrate dominated 

by gravel. 

The result of the morphometric measurements of E. 

acoroides and C. rotundata presented in Table 2 and Table 

3, respectively. There was at least one difference in the 

morphometric characteristics of E. acoroides found at each 

station (Figure 2; Table 2). The above-ground values of E. 

acoroides including the leaf sheath length, leaf length and 

leaf width found at each station, indicated high variation as 

suggested by the high SE values. The highest mean of leaf 

sheath length was found at Station Mtr 1 (13.63 cm), 

followed by Station Tte 1 (12.5 cm), whereas the lowest 

value was found at Station Tte 2 (9.44 cm). The shortest 

mean of leaf length was found at Station Mtr 2 (7.62cm) 

(Table 2), which was one-third of the length of the value 

from all other stations. The longest E. acoroides leaf 

measured (88 cm) at Station Mtr 1 followed by Station Tte 

1 (74.7 cm). The broadest leaf width found in this study 

sample was 1.7cm at Station Tte 2, whereas the narrowest 

was 0.7 cm at Station Tdr 1. The number of leaves per 

shoot found at each station showed no marked variation 

ranging from 3.17 to 3.8 leaves per shoot (Table 2).  

The below-ground morphometric characteristics E. 

acoroides included measurement of the rhizomes and roots. 

The greatest rhizome diameter was found at Station Tte 2 

(2.0 cm), whereas the equal-smallest were found in Stations 

Tdr 1 and Tdr 3 (1.2 cm). Stations Tte 2 and Tte 1 had the 

highest mean of rhizome diameter (1.22 cm and 1.21 cm), 

whereas Station Mtr 2 has the smallest mean of rhizome 

diameter at 0.93 cm. The highest mean of root length was 

found at Station Tte 2 (15.0 cm), whereas the lowest mean 

of root length was found at Station Tdr 1 (5.16 cm). 

However, the longest root measured in this study was 

found at Station Mtr 1 (35.0 cm) followed by Station Tte 1 

(26.6 cm). The mean greatest root diameter was found at 

Station Mtr 1 (0.39 cm), whereas the mean smallest root 

diameter was found at Station Tte 2 (0.21cm). The 

maximum root diameter root recorded in this study was 

found at Station Mtr (10.67 cm). The mean number of roots 

per seagrass stand ranged from 5.00 to 11.57. Specimen of 

E. acoroides at Station Hr 1 was not measured because it 

was found in an incomplete state (Table 2). However, fruits 

of E. acoroides were found at Stations Tte 1, Tdr 2 and 

Tdr3. 

The morphology of C. rotundata (Table 3) also showed 

a considerable variation in morphometric characteristics. 

The minimum leaf sheath length of C. rotundata was found 

at Station Tdr 2 (1.8 cm), whereas the maximum leaf 

sheath length was found at Station Hr 1 (11.5 cm). The 

mean of leaf sheath length at Station Tdr 3 (6.5 cm) was 

higher than that all other stations. The maximum leaf 

length was found at Station Hr 1 (28.0 cm), which was 

twice that at Station Mtr 2 (12.2 cm). However, Station Tdr 

3 had a mean of leaf length of 11.97 cm, considerably 

larger than those from all other stations. The minimum leaf 

width found ranged from 0.2 to 0.4 cm, whereas the 

maximum leaf width ranged from 0.5 to 0.8 cm. The mean 

leaf width obtained ranged from 0.35 to 0.5 cm, and Station 

Tdr 3 and Tte 1 had the largest mean of leaf width of 0.5 

cm, whereas Station Tdr 2 had the smallest leaf width of 

0.2 cm. 

The minimum rhizome diameter of C. rotundata was 

found at nearly all stations (0.2 cm), whereas the maximum 

rhizome diameter was found at Station Tte 1 (0.5 cm). The 

mean value of rhizome diameter at Stations Tdr 1, Tdr 2, 

Tdr 3, and Hr 1 ranged from 0.23-0.24 cm, which was 

smaller than those of plants at Station Tte 1 and Hr 1. The 

maximum root length found at Station Hr 1, was 14 cm, 

twice longer as long as that at Stations Tdr 1, Tdr 2 and Mtr 

2. The longest mean root length was found at Stations Hr 1 

and Tte 1 (7.43 cm and 7.33 cm, respectively), whereas the 
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shortest mean root length was found at Station Mtr 2. The 

maximum internode length was found at Stations Tdr 3, 

Mtr 2, and Hr 1 (4.5 cm) being 2.5 times that at Station Tdr 

2. However, the longest mean internode length was 

recorded at Station Tte 1 (3.07 cm) which was higher than 

that at all other stations. Plant at Station Tdr 2 also had the 

lowest range for the following morphometric 

characteristics: leaf sheath length, leaf width, and internode 

length. The number of leaves per stalk ranged from 2.16 to 

3 leaves per stand.  

The inter-island difference in morphometric 

characteristics of seagrasses Enhalus acoroides and 

Cymodocea rotundata  

Discriminant analysis showed that there were 

distinguishing morphometric characteristics for both 

seagrass species, E. acoroides and C. rotundata, which 

were found on the small islands of Ternate, Maitara, and 

Tidore. The Bartlett test was employed for testing the 

discriminant function used for the diversity of inter-island 

morphometric seagrass response of E. acoroides and C. 

rotundata (Table 4). Data diversity was explained by F2 

(discriminant function) of 100% for E.acorides seagrass 

and 97.9383% for C. rotundata. Based on the Bartlett test, 

p-value <0.05, thus, the second discriminant function was 

sufficient to distinguish of both E. acoroides and C. 

rotundata from each island. 

The morphometric characteristics of leaf sheath length, 

leaf length, rhizome diameter, root length and root diameter 

of E. acoroides from each island showed significant 

differences, indicating that each characteristics differed 

between the populations from the different islands, whereas 

the leaf width characteristic not significantly different 

between the island (Table 5). The morphometric 

characteristics of leaf sheath length, leaf width, rhizome 

diameter, root length, and internode length of C. rotundata 

for each island showed significant differences, whereas the 

leaf length characteristic of C. rotundata between the 

islands did not differ significantly (Table 5). 

The variation in grouping of the population of E. 

acoroides and C. rotundata in each island was indicated by 

the strength of the discriminant component function 

through the canonical correlation coefficient values (r) for 

F1 and F2 functions are shown in Table 6. The value of the 

canonical correlation for E. acoroides was 0.615 in F1 and 

0.548 in F2. The calculation of the coefficient of 

determination (r2 x 100) meant that 37.8% (F1) and 29.9% 

(F2) or 67.7% (in total) of the variance of the dependent 

variable could be explained by the discriminant model for 

E. acoroides. The values of the canonical correlation 

coefficients for C. rotundata of 0.757 for F1 and 0.529 for 

F2 meant that 57.2% (F1) and 27.9% (F2) or a total 85.1% 

of the variance of the dependent variable can be explained 

by the discriminant model for the C. rotundata. 

 

 

 

 
 

Figure 2. Morphology and morphometric characteristics of two seagrass species (left: Enhalus acoroides and right: Cymodocea 

rotundata) in four small islands in North Maluku, Indonesia: A. Enhalus acoroides (sample from Tidore Island): 1. Above-ground, plant 

parts consist of a. leaf and leaf sheath; 2. Below-ground, plant parts consist of c. rhizome, d. root and e. black fibers. B. Cymodocea 

rotundata (sample from Hiri Island: 1. Above-ground, plants parts consist of a. leaf and leaf sheath; 2. Below-ground, plant parts consist 

of c. rhizome, d. internode and e. root 
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Table 1. Environmental characteristics of the study site (station) in North Maluku, Indonesia 
 

Environmental parameter 
Study site (station) 

Tte 1 Tte 2 Tdr 1 Tdr 2 Tdr 3 Mtr 1 Mtr 2 Hr 1 

Temperature (C) 29.1±0.40 28.2±0.13 29.7±0.18 28.7±0.17 28.7±0.02 28.4±0.33 29.1±0.32 27.3±0.08 

Salinity (ppt) 34.3±0.36 34.9±0.10 34.2±0.33 35.2±0.67 34.9±0.06 34.4±0.15 34.7±0.05 33.4±0.88 
DO (mg/l) 10.9±2.84 7.8±0.24 12.7±2.42 10.4±0.65 10.4±0.63 8.6±0.34 10.14±0.55 9.0±0.84 
pH 6.2±1.13 7.6±1.23 6.1±1.42 4.8±0.87 6.3±0.94 9.3±0.69 9.5±0.22 9.0±0.37 
Turbidity (NTU) 46.3±46.33 0 0 3.4±1.83 102.2±51.07 32.5±27.77 10±3.059 15.9±15.37 
Current (m/sec) 0.08±0.006 0.05±0.002 0.016±0.0006 0.04±0.005 0.017±0.0008 0.062±0.018 0.075±0.005 0.05±0.003 
Gravel (%) 0.26 49.8 0.83 0.27 0.63 n.d n.d n.d 
Granule (%) 0.26 32.2 3.89 0.99 5.16 n.d n.d n.d 
Very coarse sand (%) 5.86 7.54 12.33 2.28 11.48 1.25 0.49 0.36 
Coarse sand (%) 6.5 0.79 8.71 2.15 12.45 10.15 2.52 5.29 
Medium sand (%) 31.72 7.41 15.04 14.16 23.98 20.94 15.12 9.41 
Fine sand (%) 51.44 2.3 55.65 73.38 40.22 7 12.16 13.52 
Very fine sand (%) 3.89 0.023 3.47 6.18 4.07 44.38 56.42 60.34 
Dust (%) 0.05 0 0.067 0.52 1.99 2.75 0.85 1.21 
Clay (%) 
TOM (%) 

0 
7.29 

0 
22.6 

0 
9.3 

n.d 
13.2 

n.d 
8.12 

3.58 
24.43 

11.59 
18.42 

2.88 
17.43 

Note: Tte 1 (Ternate 1); Tte 2 (Ternate 2); Tdr 1 (Tidore 1); Tdr 2 (Tidore 2); Tdr 3 (Tidore 3); Mtr 1 (Maitara 1); Mtr 2 (Maitara 2), Hr 
1 (Hiri 1), n.d (not detected) 
 
 
Table 2. The morphometric character of Enhalus acoroides  
 

Stations 

Morphometric character of Enhalus acoroides 

Leaf sheath length (cm) Leaf length (cm) Leaf width (cm) Leaves per shoots 

Max Min Mean (±SE) n Max Min Mean (±SE) n Max Min Mean (±SE) n  n 

Above-ground             
Tte 1 17.5 7.5 12.5±0.759 14 74.7 4 34.37±4.364 19 1.3 0.8 1.06±0.028 19 3.43±0.20 14 
Tte2 22 5.5 9.44±1.657 9 48 10.5 27.19±3.620 12 1.7 0.7 1.14±0.089 12 3.5±0.175 9 
Tdr 1 15 6 9.93±0.934 12 51.5 7 26.47±2.898 19 1.2 0.7 0.98±0.028 19 3.17±0.11 12 
Tdr 2 13 6.5 9.5±0.695 10 51.3 6 29.83±2.762 24 1.5 0.8 1.09±0.042 24 3.8±0.13 10 
Tdr 3 17 7.5 12±0.681 15 69 5 32.59±2.795 28 1.4 1 1.12±0.022 28 3.4±0.16 15 
Mtr 1 21 8 13.63±0.759 24 88 2.3 25.16±3.887 26 1.5 0.8 1.13±0.041 26 3.58±0.10 24 
Mtr 2 15 8 11±1.483 5 13 2.5  7.62±1.748 5 1.2 0.8 0.94±0.074 5 3.2±0.37 5 
               

Below-ground             
Tte 1 1.5 0.8 1.21±0.053 14 26.6 5.5 12.27±1.681 14 0.6 0.12 0.27±0.038 14 11.57±2.471 14 
Tte 2 2 1 1.22±0.111 9 24 8 15±1.685 9 0.3 0.2 0.21±0.011 9 11±1.699 9 
Tdr 1 1.2 0.6 0.96±0.051 12 10.1 1 5.16±0.638 14 0.5 0.15 0.32±0.029 14 6.67±1.437 12 
Tdr 2 1.4 0.8 1.06±0.059 10 15.1 2.6 7.68±0.666 24 0.6 0.2 0.37±0.019 24 5±1.414 10 
Tdr 3 1.2 0.8 0.99±0.030 15 21.7 2.7 7.72±0.911 29 0.6 0.2 0.35±0.024 29 10.07±1.637 15 
Mtr 1 1.75 1.028  1.19±0.029 24 35 1.2 7.45±0.682 57 0.67 0.14 0.39±0.049 57 9.62±1.17 24 
Mtr 2 1.35 0.57 0.93±0.128 5 18.1 2.2 8.74±1.711 11 0.4 0.2 0.29±0.022 11 8.2±3.05 5 

Note: Tte 1 (Ternate 1); Tte 2 (Ternate 2); Tdr 1 (Tidore 1); Tdr 2 (Tidore 2); Tdr 3 (Tidore 3); Mtr 1 (Maitara 1); Mtr 2 (Maitara 2), Hr 
1 (Hiri 1) 
 
 
Table 3. The morphometric characteristics of Cymodocea rotundata 
 

Stations 

Morphometric characteristics of Cymodocea rotundata 

Leaf sheath length (cm) Leaf length (cm) Leaf width (cm) Leaves per shoots 

Max Min Mean (±SE) n Max Min Mean (±SE) n Max Min Mean (±SE) n  n 

Above-ground             
Tte 1 5.4 3.5 4.13±0.16 16 16.2 2 9.06±0.770 26 0.6 0.4 0.51±0.016 26 2.81±0.10 16 
Tdr 1 7 2 4.7 ± 0.31 18 18 2.6  8.36±0.91 23 0.6 0.3 0.44±0.015 23 2.16±0.12 18 
Tdr 2 6 1.8 4.45±0.289 14 15.5 3.4 8.5±0.785 21 0.5 0.2 0.43±0.016 21 2.2±0.11 4 
Tdr 3 10 3 6.5±0.85 11 20 3.8 11.97±1.173 19 0.8 0.3 0.5±0.033 19 2.7±0.14 11 
Mtr 2 7.5 4 5.83±0.557 6 12.2 2.2 7±1.249 8 0.5 0.3 0.35±0.032 8 2.5±0.20 7 
Hr 1 11.5 3 6.21±0.635 17 28 2.2 9.86±1.180 28 0.5 0.3 0.43±0.010 28 3±0.148 17 
               

Below-ground             
Tte 1 0.5 0.2 0.31±0.027 16 13.8 3.7 7.33±0.778 16 3.5 1.9 3.07±0.153 16 1.3±0.218 16 
Tdr 1 0.3 0.2 0.24±0.012 18 6.8 1.2 3.67±0.397 18 1.7 0.5 1.1±0.06 18 1.61±0.183 18 
Tdr 2 0.3 0.2 0.23±0.017 14 6.8 1.2 3.36±0.429 14 2.5 0.2 1.3±0.13 14 1.42±0.137 14 
Tdr 3 0.3 0.2 0.24±0.015 11 9.5 2 5.21±0.673 11 4.5 0.7 2.21±0.456 11 1.2±0.14 11 
Mtr 2 0.4 0.2 0.24±0.029 7 6.4 1 2.64±0.649 8 4.5 0.7 1.64±0.446 8 1.57±0.297 7 
Hr 1 0.35 0.25 0.30±0.006 17 14 1.3 7.43±0.979 18 4.5 0.7 2.27±0.305 18 1.94±0.20 17 

Note: Tte 1 (Ternate 1); Tte 2 (Ternate 2); Tdr 1 (Tidore 1); Tdr 2 (Tidore 2); Tdr 3 (Tidore 3); Mtr 1 (Maitara 1); Mtr 2 (Maitara 2), Hr 
1 (Hiri 1) 
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Table 4. Bartlett test for Enhalus acoroides and Cymodocea 

rotundata  

 

Function 
Eigen-

value 

Discrimina-

tion (%) 

Cumulative 

% 

Bartlett's 

statistic 
p-value 

E.acoroides      

F1 0.6081 58.6700 58.6700 146.7706 ≤0.0001 

F2 0.4284 41.3300 100.0000 62.9266 ≤0.0001 

    

   

C. rotundata      

F1 1.3389 75.9095 75.9095 148.0700 ≤0.0001 

F2 0.3886 22.0288 97.9383 44.4066 ≤0.0001 

 

 

 

Table 5. Test of equality means for individual variables of 

Enhalus acoroides and Cymodocea rotundata 

 

Variable Lambda F DF1 DF2 p-value 

E. acoroides      

Leaf sheath length 0.8744 12.8616 2 179 < 0.0001 

Leaf length 0.9311 6.6203 2 179 0.0017 

Leaf width 0.9952 0.4305 2 179 0.6509 

Rhizome diameter 0.8777 12.4664 2 179 < 0.0001 

Root length 0.8083 21.2316 2 179 < 0.0001 

Root diameter 0.8911 10.9429 2 179 < 0.0001 

      

C. rotundata      

Leaf sheath length 0.8915 5.0321 3 124 0.0025 

Leaf length 0.9810 0.7994 3 124 0.4965 

Leaf width 0.8569 6.9047 3 124 0.0002 

Rhizome diameter 0.7788 11.7383 3 124 < 0.0001 

Root length 0.7467 14.0206 3 124 < 0.0001 

Internode length 0.7094 16.9292 3 124 < 0.0001 

 

 
Table 6. Canonical correlation within Enhalus acoroides and 

within Cymodocea rotundata 

 

Function 
Eigen-

value 

% of 

discriminant 

Cumulative 

% 

Canonical 

correlation 

E. acoroides     

F1 0.608 58.670 58.670 0.615 

F2 0.428 41.330 100.000 0.548 

  
    

C. rotundata     

F1 1.339 75.909 75.909 0,757 

F2 0.389 22.029 97.938 0,529 

 
 

Table 7. Function at the centroid of Enhalus acoroides and 

Cymodocea rotundata based on islands of North Maluku, Indonesia 

 

Islands F1 F2 

E. acoroides   

Ternate 1.613 -0.468 

Tidore -0.586 -0.522 

Maitara -0.029 0.830 

    

C. rotundata   

Ternate 1.815 0.544 

Tidore  -0.768 0.318 

Maitara  -1.799 -0.618 

Hiri 0.677 -1.044 

The centroid group was the average discriminant value 

of each variable within each group. The centroid group was 

the intra-island differentiator of the canonical model 

formed on related component functions for both E. 

acoroides and C. rotundata as shown in Table 7. For E. 

acoroides, the centroid group of Ternate Island was 

represented by F1 and F2 component functions of 1.613 

and-0.468 respectively, whereas they are-0.586 (F1) and-

0.522 (F2) on Tidore Island and-0.029 (F1) and 0.830 (F2) 

on Maitara Island. This implies that the average 

discriminant value between the three islands was sufficient 

to distinguish the groups present for E. acoroides. For C. 

rotundata, the centroid group for Ternate Island was 

represented by components F1 and F2 of 1.815 and 0.544 

respectively, whereas they were -0.768 (F1) and 0.318 (F2) 

for Tidore Island, -1.799 (F1) and-0.618 (F2) for Maitara 

Island, and 0.677 (F1) and-1.044 (F2) for Hiri Island. 

These values indicated that the mean discriminant values 

for the four islands were sufficient to differentiate among 

the groups.  

Discussion  

E. acoroides and C. rotundata were observed to be 

present at all stations indicating that the local water 

environment conditions were able to support the growth of 

both species of seagrass. The range of environmental 

parameter values obtained in the water at each observation 

point location was still within the range of optimum 

condition for each seagrass species. According to Phillips 

and Menez (1988), seagrasses are eurybionts in that they 

can tolerate some variation in environmental factors such 

as temperature, salinity, light, substrate, and water 

movement, but most seagrasses in the tropics are more 

stenobiont, requiring relatively constant environmental 

conditions. E. acoroides and C. rotundata were known to 

have widespread distribution in Indonesian waters 

(Tomascik et al. 1997; Kawaroe et al. 2016). One of the 

physical factors affecting seagrass distribution is the 

availability of suitable substrate to grow. Most seagrass 

species distribution was limited by sand to a muddy 

substrate, whereas some species can grow on rocks, by 

rooting into the organic matter contained therein (Kawaroe 

et al. 2016; Hemminga and Duarte 2000).  

The basic types of substrates occupied by seagrasses 

fall into categories ranging from sludge, sand, gravel to 

coral beds and other which are more dominated by fine 

sand and very fine sand and almost all of these substrate 

types can be colonized by both species of seagrass. C. 

rotundata is able to colonize substrate types ranging from 

fine to coarse sand in intertidal areas. Similarly, 

E.acoroides can be found in a wide range of habitats, with 

different variations in substrate ranging from mild 

terrigenous sludge to rough carbonate sediments in reef 

flats in intertidal waters (Tomascik et al. 1997). 

Seagrass distribution is also influenced by seagrass 

dispersal capability (Hogarth 2007). In the current research, 

we found the existence of fruit of E. acoroides at Stations 

Tte 1, Tdr 2 and Tdr 3. Of the two seagrass species studied, 

only E. acoroides releases pollen onto the surface of the 
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water through sexual reproduction, a phenomenon which 

limits its distribution in the shallow intertidal and subtidal 

areas (Short et al. 2007). The distribution of C. rotundata 

more limited because of the characteristics of the pollen 

and seeds that have negative buoyancy. However, C. 

rotundata has large seed reserves in deep sediments and the 

seed bank indicates the significance of this species as an 

active colonizer (McMillan et al. 1982). According to 

Coles et al. (2011), many environmental biophysical 

parameters, the availability of seeds and vegetative 

fragments, and anthropogenic inputs can determine the 

presence of seagrasses along coastal areas and regulate the 

growth and morphology of seagrasses. 

Variation in morphometric characteristics of the 

seagrass E. acoroides and C. rotundata found among the 

four islands indicated the ability of these two species to 

develop their own strategies to adapt to the different habitat 

conditions. Previously, it had been reported that seagrass 

species exhibit variation in morphometric between different 

stand in different location, such as Thalassia testudinum in 

different habitats in Florida Bay (Hackney and Durako 

2004) and Bahia de la Ascension (Arellano-Mendez et al. 

2011), Halodule seagrasses in Malaysia occupying habitats 

with different ecological conditions (Sidik et al. 1999), 

Halodule wrightii seagrass on the Brazilian coast (Creed 

1999), as well as Halophila hawaiiana in the Hawaiian 

Islands (McDermid et al. 2003). 

The lack of information on the variation of 

morphometric characteristics of E. acoroides and 

C.rotundata from previous report in the study area makes it 

difficult to make comparisons with the current study. E. 

acoroides found in Gusung Talang in Indonesia had the 

longest leaves of more than 2 m and maximum leaf widths 

of 1.8 cm (Verheij and Erftemeijer 1993), whereas in the 

current study, the longest leaf length was 88 cm and the 

maximum leaf width was 1.7 cm. C. rotundata is a small 

pioneer species. The maximum leaf length of C. rotundata 

found in the current study was 28 cm and maximum leaf 

width of 0.8 cm, whereas in Sulawesi waters the longest 

leaf reported was 31 cm, whereas the greatest width was 

0.4 cm (Verheij and Erftemeijer 1993). Vermaat (2009) 

revealed great variation in the morphological 

characteristics of the two of seagrass species, E. acoroides 

leaf width ranging from 1.2 to 1.8 cm with a maximum leaf 

length of 150 cm, whereas the Cymodocea sp. had a leaf 

width between 0.2 cm and 0.9 cm with a canopy height 

(maximum leaf length) of 60 cm. E. acoroides, which is a 

climax species is known to show high phenotypic plasticity 

in response to environmental conditions and nutrient 

availability (Verheij and Erftenmeijer 1993). Ambo-Rappe 

(2014), showed that E. acoroides plants which grew on 

Kapopposang Island had a larger leaf length and width than 

those of plants which grew on the surrounding islands, this 

finding relating to relatively deep and turbid waters around 

Kapopposang Island.  

In the current study, the E. acoroides plants found at 

Station Mtr 1 had the highest leaf length, and greatest root 

length and highest density, indicating favorable 

environmental conditions for the growth of this species. 

This corresponded to the location of the station which was 

close to the mangrove forest that contributes nutrients and 

the subtle sedimentary inputs connected with the seagrass 

growing underneath. In addition, large seagrass canopies, 

such as those of E.acoroides, support sedimentation and 

increased nutrient supply (Hemminga and Duarte 2000). 

This finding was supported by another study, which 

showed that Thalassia testudinum had the highest number 

of leaves per shoot, high shoot density and the greatest 

biomass due to nutrient and sediment input from the nearby 

mangrove community (Arrelano-Mendez et al. 2011). 

However, C. rotundata had the lowest density at Station 

Mtr 1 where it was found in small quantities. Station Mtr 1 

was a semi-sheltered water environment, and there was a 

mangrove forest area in front of it. According to Tomascik 

et al. (1997), in sheltered aquatic environments with basal 

types of waters dominated by muddy substrates, E. 

acoroides tends to form climax communities in which the 

environmental conditions become unsuitable for the growth 

of other species.  

In the present study, discriminant analysis revealed that 

the E. acoroides characteristics of leaf sheath length, leaf 

length, rhizome diameter, root length, and root diameter all 

differed significantly between populations from the 

different islands, whereas leaf width did not differ 

significantly between the four islands. Leaf length of C. 

rotundata did not differ significantly, whereas the other 

characteristics, i.e., leaf sheath length, leaf width, rhizome 

diameter, internode length, and root length, were 

significantly different among populations from the four 

islands. According to Tomascik et al. (1997), variation in 

the length of E. acoroides leaves is related to the depth of 

the waters, whereas variation in the width of E. acoroides 

leaves in Papua New Guinea is a function of plant 

development (Johnstone 1979). Furthermore, Creed (1997), 

stated that the effect of grazing or movement of water 

affected the length but not the width of the leaves. This was 

also evident in the conditions of the top of E. acoroides 

seagrasses, where damage was caused by the movement of 

water, due to wave energy and exposure during low tide 

(Verheij and Erftemeijer 1993), whereas the top of 

damaged C. rotundata seagrasses was predominantly 

caused by grazing. Other studies on morphometric 

variations in seagrasses indicated that the characteristic of 

Thalassia hemprichii leaf length did not differ significantly 

at different sites in the Negros Oriental Philippines (Wagey 

2013).  

Seagrasses have leaves comprise a leaf sheath and a leaf 

(blade). The unchlorophyllized leaf sheath, or leaf base, 

encloses the growth of the rhizome edges and protects the 

young leaves (Tomascik et al. 1997). One important key 

adaptation of seagrass that enables it to colonize marine 

habitats is a leaf shape equipped with a leaf sheath that can 

adapt to high-energy environments (Hemminga and Duarte 

2000). The longest leaf sheath of E. acoroides was found at 

Stations Mtr 1 and Tte 2. This may be related to the 

sediment load where the Station Mtr 1 which had a semi-

sheltered water environment and was located in front of the 

mangrove forest, had a substrate type that dominantly 

comprised sludge sand, whereas the substrate of Station Tte 

2 was dominated more by gravel and was becoming a 
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reclamation area. Creed (1997) stated that if the sediment 

was deep or if the sediment input is constant, then the 

length of the sheath will be high. The number of leaves of 

seagrass enforcement is a conservative characteristic 

existing in each seagrass individual (Hemminga and Duarte 

2000). The number of leaf enforcement for E. acoroides 

averaged 3 leaflets whereas for C. rotundata. It ranged 

from 2.16 to 3 leaves. This was similar to the situation 

reported for C. rotundata in Kenya where the number of 

leaves per shoot ranged from 2.5 to 2.8 leaves (Uku and 

Bjork 2005). 

The ability of seagrass to occupy an area is also 

inseparable from the rhizome ability to develop its root 

system on different types of substrates and indicates 

morphological plasticity (Balestri et al. 2015). The rhizome 

is the main organ of carbohydrate storage ( in the form of 

sucrose) in seagrasses (Vermaat and Verhagen 1996), and 

the rhizome diameter is a conservative nature of seagrass 

(Hemminga and Duarte 2000). Small-sized seagrasses have 

a short lifespan with rapid rhizome extensions while large-

sized seagrasses have a longer lifespan with shorter 

rhizome extensions (Vermaat 2009). Root growth 

capabilities in different types of substrates exhibit 

morphological plasticity, and thus, root system on a sandy 

substrate grows vertically, whereas, on a hard substrate, it 

will extend horizontally and generate superficial formations 

(Balestri et al. 2015).  

In the current study, the ability of E. acoroides and C. 

rotundata roots to penetrate to the bottom of the waters at 

each study site was shown in Tables 3 and 4. The strong E. 

acoroides root enabled it to penetrate the bottom of the 

seafloor to strengthen seagrass beds in various types of 

substrates (Tomascik et al. 1997), whereas C. rotundata, 

although having small roots, is still able to stabilize and 

consolidate various types of the substrate from fine sand to 

coarse sand (Tomascik et al. 1997). The expansion of the 

rooting system and its penetration into the substrate are 

essential for the growth of new seagrasses to overcome 

physical disturbance and the low availability of nutrients 

(Balestri 2015). However, research conducted by Kiswara 

et al. (2009) on the root morphology of six species of 

tropical seagrasses in different habitats indicated that the 

different types of sediments and nutrient availability that 

exist between sites had a little effect on the root shape. 

These two seagrass species, E. acoroides and C. 

rotundata, were distributed in the waters off the small 

islands of Hiri, Ternate, Maitara, and Tidore, indicating 

that the prevailing environmental conditions at these sites 

were capable of supporting the growth of seagrasses. 

Examination of the two species on these four islands 

revealed a wide variation in morphometric characteristics 

that showed significant differences among populations of 

the same species among four island, except for leaf width 

in E. acoroides and leaf length in C. rotundata, which did 

not differ significantly between populations. The variations 

in the morphometric characteristics shown by the 

seagrasses species indicated a relationship with the marine 

environmental conditions on each of these islands. Our 

finding is expected to contribute to a baseline for seagrass 

ecosystem management, and this ecosystem is an important 

coastal ecosystem for small islands in North Maluku 

because it is physically to protect the coastline and small 

mainland islands in the region. 
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Abstract. Suryana, Iskandar J, Parikesit, Partasasmita R. 2018. Ethnobotany of tree ferns in Pasir Menyan Hamlet, Sukamandi Village, 

Subang, West Java, Indonesia. Biodiversitas 19: 2044-2051. Tree ferns are plants that grow mostly in the highlands, such as in the 

forest area of Tangkuban Perahu Mountain, Subang, West Java, Indonesia. The existence of tree ferns and their population are 

threatened, along with forest damage and over-exploitation. The present study was directed to examine the local knowledge of the 

community around the forest area of Mount Tangkuban Perahu in term of local names, utilization, suitability to grow, and conservation 

efforts of tree fern. This research was conducted in Pasir Menyan Hamlet, Sukamandi Village, Subang, West Java in March-June 2017. 

The method used in this study was mixed-method, a combination of qualitative and quantitative, while some field techniques, including 

observation, semi-structured interviews, structured interviews, and botanical survey of tree ferns were carried out. The results of the 

study showed that it was recorded 8 landraces of tree fern were recognized by informants, namely pakis tihang, pakis sieur, bagedor, 

pakis minyak, pakis payung, pakis cempor, pakis bulu, and sijabrig. In terms of local knowledge on tree ferns, people with ages 50-59 

years old recorded a right a higher percentage of tree ferns than the children and younger people. Regarding education, the result showed 

that a low level of education had the highest level of knowledge of local names and utilization of tree ferns as vegetables, ornamental 

plants, growing media, and for handicrafts because of they still intensive interaction with forest ecosystem and tree ferns. On the basis 

conservation of tree ferns, the rural people of Sundanese people have a tradition to prohibit (pamali) to cut forest on the river bank, open 

slopes, closed forests, damaged forest areas, and in the valleys. In addition, traditional conservation practice on tree ferns has recorded, 

for example, rural people of Pasir Menyan Hamlets have traditional prohibited to open sacred forest, including to take of tree ferns.  

Keywords: Ethnobotany, diversity, conservation, utilization of tree ferns  

INTRODUCTION 

Tree ferns have a tree-like appearance with strong and 

tall stems up to 15 m or more. Tree ferns are members of 

Cyatheales which have 8 families and 16 genera and are 

often found in tropical and sub-tropical regions (Large and 

Bragins 2004; Tjitrosoepomo 2001; Ramirez et al. 2011). 

Based on Holtum's (1965), there are 13 species of tree ferns 

from the family of Cyatheaceae in West Java. Tree ferns 

are widely used for various purposes both directly and 

indirectly (Efendi et al. 2013; Iskandar 2018). Direct 

functions of tree ferns, such as Cyathea junghuhniana is 

predominantly used for construction pole (Rahayu et al. 

2006) and Cibotium barometz is used as medicine 

(Praptosuwiryo et al. 2011), while indirect functions, 

including a component of forest vegetation, has ecological 

functions for producing oxygen (02), microclimate 

stabilization, fauna habitats, and hydrological regulation 

(van Steenis 2006).   

The existence of the Mount Tangkuban Perahu forest as 

natural ecosystem provides various ecological and socio-

cultural functions, including retention of soil, regulation of 

run-off, stabilization of climate, a source of non-forest 

products, animal habitat, a source of knowledge, education, 

and recreation (Jacobs 1981). One potential found in the 

forest area of Mount Tangkuban Perahu is the existence of 

tree ferns. However, along with the destruction of forests 

and the over-exploitation, the population of tree ferns have 

begun to decline. Forest damage continues to occur from 

year to year including damage to forests in conservation 

areas (Partasasmita 2009; Partasasmita et al. 2016). Based 

on data on the development of species of forest disturbance 

and damage to conservation areas in the Central Office of 

West Java KSDA in 2011-2016, the four most influential 

aspect of forest damage were caused by forest fires (300.57 

ha), wild agriculture (267 ha), illegal settlements (206.79 

ha), and encroachment (23.77 ha) (BBKSDA West Java 

2016). 

Forest damage and the threat of extinction of tree ferns 

are closely related to socio-economic aspects of the 

population and institutional management of forest areas 

and species conservation, as the parties utilize tree ferns. 

The use and preservation of tree ferns contribute to 

improving the level of welfare and maintaining local 

knowledge (Whitten et al. 1999). In order to develop the 

potential of tree ferns, special ethnobotany studies are 

needed. Ethnobotany studies human interaction with plant 

resources (Anderson et al. 2011; Pei 2013), and its role is 

crucial for the conservation of forest plants (Pei 2013). 

Srivastava (2007) reports that ethnobotany is currently an 

important part of research and development of resource 

management, conservation of gene diversity, and socio-

economic development of an area. Ethnobotany also 

developed into an interdisciplinary science that examines 
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human relations with plant natural resources and their 

environment. The approach that is often used in 

ethnobotany research is the emic approach, exploring and 

getting knowledge data of an object that is observed based 

on their perspective and terms (Iskandar 2012), which is 

then known as local knowledge.  

Local knowledge has its benefits in people's lives, 

developing because of the need to maintain and sustain life 

by following the situation, conditions, abilities, and values 

that are lived in the community. In other words, local 

knowledge is part of a wise way of life to solve all the 

problems faced by life. Because of local knowledge, they 

can carry on their lives, even going on in sustainable 

development (Permana 2010). Local knowledge of people 

living around the forest is usually obtained from generation 

to generation from their ancestors. The delivery and 

development of inheritance are generally through three 

stages, namely the learning process from the older 

generation to the next generation, sharing knowledge with 

the same age group, and the adult group. Learning is based 

on experience and trials and ultimately is owned by each as 

traditional knowledge (Soepartinah 2013). The delivery 

and inheritance of knowledge are what causes people 

around the forest area to have detailed knowledge of a 

plant. The rural people of Pasir Menyan Hamlet, 

Sukamandi Village, Subang, West Java, Indonesia have 

local knowledge on forest plants, including tree ferns 

traditionally based on three stages, namely parental, peer, 

and individual learning. Parental education is traditional 

learning process of children from their parent or older 

brothers or vertical cultural transmission. The peer learning 

is learning process local knowledge on the phase of 

adolescent among peer groups or horizontal cultural 

transfer, while the individual learning carried by own rural 

people of each household when after adulthood (Iskandar 

and Iskandar 2005).  

Research on local knowledge has been widely carried 

out, but not many foci on tree ferns. Praptosuwiryo et al. 

(2011) reported uses of Cibotium barometz as an 

ornamental plant in Harau District, West Sumatra. 

Meanwhile, Handayani and Hartini (2003) presented that 

residents of Ciapus area, Bogor, West Java use Cyathea 

contaminans tree ferns as planting media for species of 

Anthurium spp., Piper spp., Platycerium spp., Adiantum 

spp., and other species of ferns. In contrast to previous 

studies, This aim of study was to assess on ethnobotany on 

tree ferns related to their diversity, utilization, and 

conservation of trees fern.  

This study was focused on local knowledge of 

Sundanese rural people of Pasir Menyan Hamlet, 

Sukamandi Village, Subang, West Java, Indonesia, on 

botany of tree ferns. The hamlet was chosen because most 

people who reside in this hamlet have strongly interacted 

with forest ecosystem intergeneration and have local 

knowledge on various forest plants, including tree ferns.  

MATERIALS AND METHODS 

Area study 

The research was carried out in Pasir Menyan Hamlet, 

Sukamandi Village, Sagalaherang Sub-district, Subang 

District, West Java Province, Indonesia in March-June 

2017. Sukamandi Village is one of the areas directly 

adjacent to the Mount Tangkuban Perahu, that located at 

6o44”45,26'' S and 107o37”27,22’E (Figure 1).  

 

 

 
 

 
 

 
 

 
 

 

Figure 1. Map of Pasir Menyan Hamlet, Sukamandi Village, Sagalaherang Sub-district, Subang District, West Java, Indonesia 

(107o37”27,22’ E; 6o44”45,26’ S)  
 

Mt. Tangkuban Perahu 

Pasir Menyan  
Hamlet 

SUKAMANDI 
VILLAGE 
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Table 1. Population, livelihood, and education of people in Pasir 

Menyan Hamlet, Sukamandi Village, Subang District, West Java, 

Indonesia 

 

Parameters  Male Female Total 

Population    

No of households; HH   1,121 

Total of individual number 1,595 1,557 3,152 

     

Education    

Primary school 6,38 6,36 1,274 

Junior high school 275 247 522 

Senior high school 208 205 413 

Diploma 1 4 3 7 

Diploma 2 3 3 6 

Diploma 3 8 9 17 

Undergraduate 29 31 60 

    

Livelihood    

Farmer 411 375 786 

Farmworkers  420 381 801 

Trader 24 22 46 

Military (TNI) 13 - 13 

Government employees 24 22 46 

  

 

 

In general, the topography of this area is surging with 

steep slopes 30-50%. The altitude of the research site is at 

1,150-2,684 m above sea level (asl.). Based on the 

classification of Schmidt and Ferguson, the climate in this 

region has category of climate B with an average rainfall of 

2,000-3,000 mm/year, with temperatures at 15°-29°C, and 

an average humidity of 45-97% (BBKSDA West Java 

2016). In the western, eastern and southern regions of the 

village are bordered by Cikujang Village, Tangkuban 

Perahu Mount Forest, Dayeuh Kolot village, and Ciater 

Village, respectively. The Sukamandi Village has total area 

727 ha. The total population of this village was recorded 

3,152 peoples belonging to 1,121 households in 2017. 

Education of people in Sukamandi Village was 

documented in dominant primary school, while the main 

livelihood of people as farmers and farm workers (Table 1) 

(Village Statistical Data 2017).  

Procedure 

The method used in this study was mixed-method, 

qualitative and quantitative with the ethnobotanical 

approach (Martin 1995; Albuquerque et al. 2014; Iskandar 

2018). Some techniques, namely observation, semi-

structured interviews, structured interviews, and survey tree 

ferns were carried out. The observation was done to get 

information of the local condition of the forest environment 

of the study area. Also, the observation was undertaken to 

observations some activities of rural people of Pasir 

Menyan Hamlet, particularly in relation to the utilization of 

tree ferns. Semi-structured interviews were carried with 

competent informants or local experts, including old 

farmers, informal leaders, formal village leaders, forestry 

staffs, firewood and ornamental plant collectors, and 

village middlemen that informant was given in a series of 

general questions on species diversity, local habitat 

conditions, utilization, trading, and traditional conservation 

of tree ferns. Some questions were prepared in advance and 

some of which arise naturally during the curse of 

conservation (Martin 1995). While structured interview, it 

was undertaken with respondents that were randomly 

selected. Determination of respondent number was carried 

out by "simple random sampling". Respondents selected in 

this study were chosen the head of the family (HH) 

(Newing 2011), the amount of which was determined by 

the Lynch (1995) formula, as follows: 

 

 
 

Where: 

n: The total number of respondents  

P: The biggest probability proportion (0.50) 

N: Total population (household number): sampling 

error (0.10) 

Z: Normal variable value (1.96) 

 

Based on the total number of household heads recorded 

at 1,821, therefore the number of respondents needed for 

this study can be calculated using the Lynch (1995) 

formula as follows:  

 

n =  1821 (1.96) 2. (0.5). (1-0.5) 

   1821. (0.1) 2 + (1.96). (0.5). (1-0.5) 

n =  91.23 = 91 households  

Survey of tree ferns diversity 

The direct survey was conducted by visited some 

potential habitats of tree ferns in the study are. Moreover, 

to identify species of tree ferns was carried out by taking 

pictures and making specimens of tree spikes herbaria. 

Some references, including Flora Malesiana, Ferns of 

Malaysia in Color (Piggott 1988), Ferns Grower's Manual 

(Hoshizaki and Moran 2001), Encyclopedia of Fern Garden 

(Olsen 2007), and plants.jstor.org; www.um. were used to 

identify species of tree ferns. 

Data analysis 

Local knowledge data on tree ferns were analyzed using 

qualitative and quantitative descriptive methods. 

Qualitative descriptive is used to describe data from 

interviews, whose data analysis process includes data 

reduction (selection, simplification, and making 

abstraction), and data presentation. Data in the form of a 

collection of information that is grouped and analyzed first 

until finally presented in the narrative form supported by 

pictures, tables, and charts, to obtain conclusions. 

Furthermore, content analysis techniques are performed on 

secondary data that are relevant to the purpose of the study 

and compare with data from structured interviews (Newing 

2011; Creswell 2016; Iskandar 2018). Quantitative 

description analysis is used to describe data derived from 

structured interview data, which is then analyzed with 

simple statistics (Steel and Torrie 1991; Iskandar 2018).  
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Percentage of answers (%) = (n /N) x 100%  

 

Where:  

n : number of respondents who choose a particular answer 

N : Total number of respondent's answers 

 

Moreover, the data was presented in the form of graphs 

and diagrams, which are equipped with data descriptions 

that compare secondary data with the relevant conceptual 

framework, and made narrations with descriptive analysis. 

RESULTS AND DISCUSSION 

Diversity of tree ferns based on local knowledge 

Based on semi-structured interviews, 8 landraces of tree 

fern were recognized by the informant. The local names of 

tree ferns in Pasir Menyan Hamlet, which are all Sundanese 

inhabitants are as follows: pakis tihang, pakis sieur, 

bagedor, pakis minyak, pakis payung, pakis cempor, pakis 

bulu, and sijabrig (Table 2). Based on the results of 

interviews with local people, all species of tree ferns are 

called pakis tihang because of their adult trunk like tree 

trunk (trunk: tihang in Sundanese language). In general, the 

local name of tree ferns is based on its morphological 

characteristics, for example pakis sieur for tree ferns that 

has a new branching from the trunk (Sieur in Sundanese 

meaning a bud). Naming for pakis payung because this 

type has a canopy like an umbrella (payung in Sundanese 

meaning an umbrella), while naming of pakis bulu or 

sijabrig, because the leaf tops and base of the leaves have 

long and thick fur (jabrig). 

In Bali, Cyathea latebrosa, Cyathea contaminans, and 

Dicksonia blumei are called lemputu, lempunah, and paku 

kidang respectively. Likewise, in Central and East Java C. 

contaminans are called paku arjuno, pakis galar or pakis 

oleng. It can be concluded that the name of the local tree 

ferns is dependent on the origin of the region. 

However, it is not impossible that there are differences 

in the names of tree ferns in the same area. The local name 

of tree ferns at Pasir Menyan Hamlet is varied. Most of the 

respondents said that tree ferns were ferns for the four 

species are shown in Table 2. C. latebrosa has two local 

names, while other species each have three local names. 

Local knowledge base on age and education levels  

Based on structured interview with respondents that are 

categorized by ages and education, on local knowledge on 

tree fern species, the results are shown in Figure 2.  

It can be seen from Figure 2, the knowledge of local 

names of tree ferns has increased from the ages of 20-29, 

60-69 and 50-59 years. However, for the age 60-69 years 

tended to decrease, it is predicted the old people are not 

properly memory on tree ferns (Iswandono et al. 2015). 

This result of research is similar to that of discussed by 

Lizarralde (2004), who conducted a study on ethnobotany 

on forest conservation in Bari, Venezuela, Latin America. 

Based on his research, it can be revealed that botanical 

knowledge of indigenous people varies from person to 

persons due to factors, such as age, subsistence practice, 

gender, and bilingualism. Interns of age, people older than 

39 years recognize a higher percentage local knowledge on 

forest trees compared to that of children and younger 

people.  
 

Table 2. Local and scientific names of tree ferns recorded in Pasir 

Menyan Hamlet, Sukamandi Village, Subang District, West Java, 

Indonesia 
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Cyathea contaminans (Wall. ex 

Hook.) Copel. 

10  50    7  

Cyathea latebrosa (Wall. ex 

Hook.) Copel. 

30 51       

Cyathea orientalis (Kunze) 

Moore 

10   10    46 

Dicksonia blumei (Kunze) 

Moore 

12    30 10   

 

 

 

  
A B 

 

Figure 2. Average of knowledge of local names of tree ferns based on; (A) age range and (B) respondent's education level. Note: NE= 

no-education, ES= elementary school, JHS= Junior high school, SHC= Senior high school, and UG= Undergraduate 
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Based educational background of respondents, the 

respondent with a non-primary school background have 

higher local knowledge than that elementary, middle, high 

school and undergraduate university (Figure 2). In other 

words, the high-level formal education in the rural area is 

not guaranteed to have high knowledge of tree ferns. 

Because local knowledge has predominantly obtained from 

individual personal experiences with local environments, 

including forest ecosystems (Iskandar and Iskandar 2005; 

Iskandar 2012). 

Based on some studies on local knowledge, nowadays, 

declining of the local knowledge among young age range 

also occurs in other regions, such as: Banten Baduy 

(Hidayati 2013), Manggarai Tribe, Ruteng Mountains, 

Manggarai District, East Tenggara (Iswandono et al. 2015), 

Communities around Wanagama Education Forest, 

Yogyakarta (Romdhoni et al. 2015) due to young 

generation has predominantly interested learning on 

Western knowledge instead of local knowledge. 

The diversity of tree ferns based on botanical 

knowledge 

Based on the field survey 4 species of tree ferns were 

recorded in the study area, at the forest of Tangkuban 

Perahu Mountain, Subang, West Java. Validation of species 

names refers to the reference book, which is summarized in 

Table 3, while the habitus is shown in Figure 3. 

 

 

 

 

 
A B C D 

 

Figure 3. Species of tree ferns in the study location of Pasir Menyan Hamlet, Sukamandi Village, Subang District, West Java, Indonesia. A. 

Cyathea contaminans; B. Cyathea latebrosa; C. Cyathea orientalis; D. Dicksonia blumei 

 

 
 

Table 3. Morphology of Cyathea contaminans, Cyathea latebrosa, Cyathea orientalis, and Dicksonia blumei  

 

Plant organ 

Species 

Bagedor  

(Cyathea contaminans) 

Pakis Sieur  

(Cyathea latebrosa) 

Pakis Cempor  

(Cyathea orientalis) 

Pakis Bulu  

(Dicksonia blumei) 

Trunk   

Height  10 m  10 m  10 m.  8.5 m 

Shape Straight trunk, without 

branches 

Most trunks are curved 

with many branches 

Straight trunk, without 

branches 

Straight trunk, without 

branches 

Fiber Have thick fiber up to 0.5 m, 

decreasing, to the trunk top. 

Rarely fibers on the 

entire trunk 

The whole trunk was 

covered with thick fibers 

The whole trunk was 

covered with quite fibers 

Diameter  20 cm  13 cm  13 cm  15 cm 

  
    

Leaf   

Stipe  60 cm, sturdy, big and sharp 

spines 

More than 60 cm, 

sturdy, blunt spines.  
 60 cm, sturdy, small 

and sharp spines 

 60 cm sturdy, browns 

hair,  

 Lamina  3.5 m   2.1 m   2.1 m  1.5 m 

Spines on the 

basal leaf stalk 

Sharp spines up to 0.5 cm Blunt spines, less than 

0.5 cm  

Sharp spines less than 

0.5 cm  

Without spines 

Sorus 6-8 pairs of large sorus, under 

the leaves.  

5-7 pairs of small 

sorus, under the leaves 

5-7 pairs of small sorus, 

under the leaves 

Sorus is located under of 

the leaf 
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Utilization of tree ferns 

  Based on an interview with respondents, tree ferns 

have been used for various purposes, including ornamental 

plants, growing media, handicraft, vegetables, and tool of 

games (Figure 4).  

The local knowledge of the use of tree ferns for all 

categories almost similar, except as vegetables and tool 

games, indicating that this knowledge has been going on 

for a long time and is maintained. The uses of each species 

of tree ferns are presented in Table 4. 

Tree ferns as ornamental plants  

The species of tree ferns that were planted in the yard 

were no different from the species of tree ferns that were 

planted in the gardens of hotels or villas. The species of 

tree ferns are bagedor (C. contaminans), pakis cempor 

(Cyathea orientalis), and pakis bulu (D. blumei). Of the 

three species, bagedor (C. contaminans) is a species that is 

widely used, after that is pakis bulu (D. blumei). It usually 

is taken from their natural habitat in the form of seedlings 

(less than 10 cm in diameter and 1.5 m in height), then 

planted in place as needed (Figure 5). Use of this type has 

been reported by Sastrapradja et al. (1978), that the types of 

tree ferns are used for raw materials for sculpture, 

ornamental plants, home or hotel decoration poles. 

The species of tree ferns used as a wall decoration for 

the building is bagedor (C. contaminans). According to 

most informants, this species has a unique motif on the 

inside if the outer layer is shriveled in themes like batik or 

like a python snake. The middle part of the ferns (ati=local 

name) is usually discarded, the remaining stems are dried 

and ready for use as wall hangings (Figure 6). Other 

purposes, this bagedor stem is cut across 30 cm long or 50 

cm long at the request then after that, each is cut in parallel. 

Tree ferns as plant growing media 

Pakis sieur (C. latebrosa) is widely used for orchid 

growing media because the fibers are not dense (local 

language = hampos). This fiber character causes orchids to 

grow well. This planting medium is made by cutting a 

rectangular section with a size of 1  10  20 cm3 (Figure 

7). The base of the stem fibers can also be used for growing 

various ornamental plants, by inserting fibers that have 

been broken down into pots or polybags. The similar use of 

this type has been reported by Harnum et al. (2014), that 

pakis sieur is widely used as a medium for growing other 

plants, especially orchids. 

Tree ferns as handicraft 

Bagedor (C. contaminans) is widely used as a 

handicraft, because the fibers covering the stems are thin 

compared to other species. As mentioned the patterned 

parts such as batik motifs or like python snakes on the base 

of the leaf stalks that have been peeled off (Figure 8). Use 

of this type has been reported by Sastrapadja et al. (1978) 

that this type is widely used for pot and ashtray raw 

materials. 

Use of tree ferns as raw material for game tool 

The use of other tree ferns is for games, and the people 

call it the name Lodong and for soccer material. Species of 

tree ferns that are widely used for this game are bagedor(C. 

contaminans) and pakis cempor (C. orientalis). The part 

that is used is the stem pith, and this part is removed from 

 

 

  

Figure 4. Some use of tree ferns at Pasir Menyan Hamlet, 

Sukamandi Village, Subang District, West Java, Indonesia 
 

 

 
Table 4. Uses of tree ferns at Pasir Menyan Hamlet, Sukamandi 

Village, Subang District, West Java, Indonesia 

 

Species 

Respondents local knowledge 

answers to the use of tree ferns at 

Pasir Menyan Hamlet (person) 
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Cyathea contaminans  5 20 18 40 5 

Cyathea latebrosa  7 17 - - - 

Cyathea orientalis - - 10 - - 

Dicksonia blumei - - 13 - - 

 

 

 

 
 

Figure 5. Tree ferns that are ready to be planted in the yard or 

garden collection 
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Figure 6. Tree ferns of Cyathea contaminans species cut across 

transverse show motifs such as batik or python snakes. 

 

 

 

  
A B 

 

Figure 7. A. Tree ferns that have been cut as growing media for 

orchid plants; B. The fiber of the base of the stem for growing 

ornamental plants 

 

 

 

  
A B 

 

Figure 8. Trunk of Cyathea contaminans as decorative material 

such as: A. Flower pots, B. Cigarette ashtrays 

 

 

the trunk and then in a round shape like a ball. 

Unfortunately, lodong and soccer ball made of tree ferns 

were no longer found at this hamlet because the game had 

not been done for a long time. Now the day, bamboo has 

replaced tree ferns as raw material for each lodong as well 

as for soccer ball. At present, the use of tree ferns as a 

material for making lodong has been replaced with 

bamboo, possibly because of the reduced of its population. 

Traditional conservation of tree fern  

Based on semi-structured interview with informants, in 

general, Sundanese people have traditionally practiced on 

forest conservation. This conservation concept has been 

expressed as traditional prohibition or taboo that is called 

as pamali. For example, rural people of Sundanese people 

have prohibited to cut forest located in the river banks (sisi 

walungan in Sundanese language), in the valleys 

(lamping), that the conservation areas are suitable places 

for growing tree ferns (Iskandar 2009). According to 

informants, some local people mentioned the tradition 

pamali coming to these places especially while taking tree 

ferns. Pamali means the prohibition not to visit the area is 

related to the existence of a trust that can cause harm if 

violated. Indirectly this tradition is an attempt to protect the 

existence of tree ferns, especially those in place. However, 

most of the local people have no longer held this belief, and 

it is possible that this is one of the uncontrolled taking of 

tree ferns and causing a decline in population and the 

number of species. 

It can be concluded that it was recorded 8 landraces of 

tree fern were recognized by informants, namely pakis 

tihang, pakis sieur, bagedor, pakis minyak, pakis payung, 

pakis cempor, pakis bulu, and sijabrig. In terms of local 

knowledge on tree ferns, people with ages 50-59 years old 

recorded a right a higher percentage of tree ferns than the 

children and younger people. Regarding education, the 

result showed that a low level of education had the highest 

level of knowledge of local names and utilization of tree 

ferns as vegetables, ornamental plants, growing media, and 

for handicrafts because of they still intensive interaction 

with forest ecosystem and tree ferns. On the basis 

conservation of tree ferns, the rural people of Sundanese 

people have the tradition to prohibit (pamali) to cut forest 

on the river bank, open slopes, closed forests, damaged 

forest areas, and in the valleys.Also, traditional 

conservation practice on tree ferns has recorded. For 

example, rural people of Pasir Menyan Hamlets have 

traditional prohibited (pamali) to the opened sacred forest, 

including to take of tree ferns. 
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Abstract. Aeny TN, Prasetyo J, Suharjo R, Dirmawati SR, Efri, Niswati A. 2018. Isolation and Identification of actinomycetes potential 

as the antagonist of Dickeya zeae pineapple soft rot in Lampung, Indonesia. Biodiversitas 19: 2052-2058. This study was aimed to 

collect and identify actinomycetes from the rhizosphere of pineapple with the potency as a biocontrol agent of Dickeya zeae, the 

pathogen of pineapple soft rot. Soil samples were collected from four different pineapple plantations in Lampung Province, in December 

2016. Samples were air-dried, serially diluted, and plated on modified ISP2 medium and several single characterized colonies were sub 

cultured and purified. The growing colonies were grouped into different colour series based on their aerial-mycelia and substrate-

mycelia colors. Antagonistic activity of the actinomycetes isolates were evaluated against Dickeya zeae by agar diffusion method using 

the same medium agar lawn with the bacterial cultures. Selected antagonistic actinomycete isolates with the biggest clear zone formation 

were further characterized and identified molecularly based on 16S rDNA sequences. The results showed that as many as 34 

actinomycete isolates collected from pineapple rhizosphere produced clear zones. Two isolates, namely GGF2-i5 and GGF4-i18, 

presented the biggest clear zone were proposed as the potential antagonist strains against D. zeae and identified as Streptomyces 

parvulus and Streptomyces hygroscopicus subsp. hygroscopicus, respectively. Both of the 16S rRNA gene sequences from those strains 

were deposited in the GenBank with the accession number MH170279 and MH170280, respectively. 

Keywords: actinomycetes, Ananas comosus, antagonist, Dickeya zeae, Streptomyces 

INTRODUCTION 

An actinomycete is a group of gram-positive bacteria, 

aerobic, grow and have aerial hypha like fungi. These 

bacteria are growing abundantly and easily found in the 

soil, both in cultivated and uncultivated soils in various 

regions worldwide. Soil is known as the greatest source of 

actinomycetes, and a large number of antagonistic 

actinomycetes can be isolated from the soil rich in organic 

matter with a high C/N ratio (Goodfellow and Williams 

1983). A large number of antagonistic actinomycetes have 

been reported as the common producers of antibiotics, 

especially the genus Streptomyces (Al-Momani et al. 1999, 

Saadoun et al. 1999, Kumar et al. 2011). Streptomyces spp. 

has been known as species of actinomycetes which has 

characteristics as biocontrol agents of bacterial soil-borne 

pathogens because of their ability to produce secondary 

metabolites and biologically active substances including 

enzymes and antibiotics (Zamanian et al. 2005). Some 

Streptomyces spp. are commercially important 

microorganisms that have been widely developed for the 

production of enzymes, antibiotics, inhibitors of enzymes, 

and other bioactive secondary metabolites (Kaur et al. 

2013, Ratnakomala et al. 2016). They were utilized in 

many different fields such as in the pharmaceutical industry 

(Nithya and Ponmurugan 2012), animal feed or poultry 

(Dharmaraj and Dhevendaran 2010), food preservation 

(Ibrahim and El-Salam 2016) as well as in agricultural 

practices. They were also used widely as antibacterial, 

antibiotics, antifungi, pesticides, and anti-parasites (Oskay 

2004, Goodfellow et al. 2007, Dhananjeyan et al. 2010, 

Kumar et al. 2011). 

With respect to the management of plant pathogens, 

actinomycetes have been used as biocontrol agents of 

Erwinia amylovora, the bacterial pathogen of fireblight 

disease in apple and Agrobacterium tumefaciens, the crown 

gall pathogen (Oskay et al. 2004); Xanthomonas oryzae pv. 

oryzae, the causal agent of bacterial leaf blight on rice 

(Putra and Giyanto 2014), Pectobacterium carotovorum 

subsp. carotovorum (=Erwinia carotovora subsp. 

carotovora) and Burkholderia cepacia, the onion bacterial 

rot pathogens (Abdallah et al. 2013). Jeffrey (2008) 

reported that actinomycetes isolated from soil had an 

antagonistic reaction on fungal as well as bacterial 

pathogens, such as Fusarium palmivora, Bacillus subtilis, 

Pantoae dispersa and Ralstonia solanacearum. However, 

there has been very limited information concerning the use 

of actinomycetes as biocontrol agents of E. chrysanthemi 

(Dickeya spp.), the bacterial soft rot pathogen on pineapple 

(Prasetyo and Aeny 2014). This disease has been 
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considered as a serious threat to many pineapples 

producing countries in the world that has recently been 

found in East Lampung - Indonesia. Therefore, to prevent 

the spread and development of the disease, it is necessary 

to study the management of the disease, including the use 

of pineapple rhizospheric actinomycetes as local biocontrol 

agents. The present study was aimed to isolate 

actinomycetes from pineapple rhizosphere, determine their 

inhibitory effect against Dickeya zeae, and identify the 

potential isolates. 

MATERIALS AND METHODS  

Collection of soil samples and isolation of Actinomycetes 

The soil samples were taken during on December 2016 

from the rhizosphere of four pineapples plantation sites 

located in Lampung, Indonesia namely Terbanggi Besar 

(Central Lampung), Way Jepara (East Lampung), 

Astomulyo-Punggur (Central Lampung), and Mulyajaya-

Tulang Bawang Tengah (West Tulang Bawang). Five 

pineapple plants were randomly selected from diagonal 

lines in each of the plantation sites. The soil samples were 

collected from each of the root systems of the selected 

pineapple plant, composited, kept in plastic bags, and 

stored in a cooler box during transportation to the 

Laboratory of Plant Disease at Faculty of Agriculture 

University of Lampung for actinomycetes isolation. 

Prior to isolation, the soil was air-dried for a week 

(Jeffrey 2008). Soil samples were serially diluted by 

tenfold dilution using sterile distilled water. The dilutions 

were thoroughly mixed and aliquots of 0.1 ml from each 

dilution were spread onto plastic Petri dish (diameter of 9 

cm) containing 10 mL of modified ISP2 medium (4.0 g 

yeast extract, 10.0 g malt extract agar, 4.0 g dextrose, 20.0 

g agar, and 1000.0 ml distilled water, pH 7.3). Plates were 

incubated at room temperature (28 °C) for 14 days, and 

cultures of actinomycete isolates were selected based on 

their colony morphology with a typical chalky to leathery 

appearance and aseptate aerial hyphae (Patil et al. 2016). 

They were further tested for the Gram reaction to confirm 

the gram-positive bacteria and eliminate possible of gram-

negative isolates by non-Gram staining (Powers 1995). 

 

Antagonistic test 

An antagonistic test was performed by agar diffusion 

method developed by Barakate et al. (2002). As much as 5 

ml suspension of 24 hours pineapple isolate of Dickeya 

zeae (~108 CFU/mL) was mixed thoroughly into 100 ml 

nutrient agar (NA) media (HiMedia) and plated into plastic 

Petri dish (diameter of 9 cm). The actinomycetes used in 

this step were taken from a 5-day cultures using a 5 mm 

sterile cork-borer and inversely placed on the surface of 

agar plate lawn with the D. zeae and were incubated at 

room temperature (28 °C) for five days. The observation of 

antagonistic activity, which was indicated by the presence 

of inhibiting zones or clear zones around the actinomycete 

cultures in each plate, was conducted every day. 

Antagonistic activity was evaluated by measuring the 

diameter of inhibition zone (Zamanian 2005). Isolates with 

prominent clear zone showing high inhibitory activity were 

selected as the potential antagonistic actinomycetes and 

subjected to further characterizations.  

Characterization of antagonistic Actinomycetes 

Collected antagonistic isolates were characterized based 

on their cultural and morphological features of colonies 

grown on yeast malt-extract medium i.e. structure and color 

of the colonies, structure and color of substrate mycelia as 

well as aerial mycelia, and production of diffusible pigment 

(Jeffrey 2008). Aerial and substrate hyphae, spore chains, 

and ornamentation of spore surfaces scanning electron 

micrograph were taken using Zeiss EVO-MA 10. This 

scanning electron microscopy was performed at the 

Integrated Laboratory and Center of Technology 

Innovation (UPT Laboratorium Terpadu dan Sentra Inovasi 

Teknologi) the University of Lampung, Indonesia. 

16S rDNA sequence-based characterization 

Molecular identification was conducted at the 

Laboratory of Industrial Microbiology - Research Centre 

for Biotechnology - Indonesian Institute of Sciences 

(Lembaga Ilmu Pengetahuan Indonesia, LIPI). 

Actinomycete isolates were grown in Erlenmeyer flasks 

containing 5 ml of liquid modified ISP2 medium with 

agitation at 30 °C for overnight, then 3 ml cultures were 

centrifuged at 13,000 rpm for 5 min. The pellet was used 

for DNA genome extraction following the method of 

Ratnakomala et al. (2016). Primer 9F (5’-GAG TTT GAT 

CCT GGC TCA G-3’) and primer1541R (5’-AAG GAG 

GTG ATC CAG CC-3’) (Muraoka et al. 2008) were used 

for 16S rDNA amplification using a thermal cycler 

(Eppendorf). This primer set produced amplicon at 1500 

bp. PCR amplification was performed using Kappa ready 

mix master kit (KAPA Biosystem) in 50 µL total volumes 

containing 20 µL dH2O, 25 µL PCR master mix, 2 µL 

primer 9F (20 pmol), 2 µL primer 1541R (20 pmol), and 1 

µL DNA template (50 ng/µL). The PCR programme used 

was an initial denaturation at 96 °C for 5 min, 30 cycles of 

denaturation at 96°C for 30 sec, annealing at 55°C for 50 

sec, extension at 72°C for 1 min, and a final extension at 

72°C for 7 min. The PCR products were electrophoresed on 

1% agarose containing 1x TAE buffer (40mM Tris-Acetate 

and 1mM EDTA at 1 concentration) stained with DNA 

staining (10 µL flurosafe in 100 ml 1x TAE buffer) and 

were visualized with the UV Trans-illuminator (Major 

science). For DNA sequencing, the PCR products of 16Sr 

DNA were sent to the Genetika Science Co. Jakarta. and 

sequencing results were analysed by BioEdit (ver. 7.2.6) 

(http://www.softpedia.com/get/Science-

CAD/BioEdit.shtml). Partial sequences of 16S rDNA were 

compared and analysed for homology to the type strains in 

the database using NCBI BLAST 

(https://blast.ncbi.nlm.nih.gov) and EzTaxon Biocloud 

(Yoon et al. 2017). The phylogenetic tree was constructed 

using a neighbour-joining method by MEGA6 software 

(Tamura et al. 2013) and was bootstrapped using 1,000 

replicates for each sequence (Kumar et al. 2011). 
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RESULTS AND DISCUSSION 

Isolates of Actinomycetes   

The initial growth of actinomycete colonies isolated 

from pineapple rhizosphere was relatively slow, took about 

3 days after incubation. After 2 weeks of incubation as 

many as 45 separated typical colonies were collected and 

plated in ISP2 media. Some of the colonies collected were 

varied in their sizes, colours, edges, and elevation (Figure 

1). Colour series of colony surface included white, beige, 

grey, brown, yellow, and pink. The colonies of 

actinomycete isolates were commonly round-shaped with 

starchy surfaces and show powdery consistency, clear 

edges and tightly attached to the surface of the media 

(Figure 2). Microscopic observation showed that 

actinomycetes produced filamentous hyphae capable of 

forming dense mats called substrate mycelium. The aerial 

mycelia grew upward and some of aerial hyphae formed 

spore-like fungi. The spore-chains of actinomycetes were 

produced apically by aerial hyphae.  

Actinomycetes have important ecological role because 

they were widely distributed in various habitats, sometimes 

also readily found in extreme environment and involved in 

important processes (Ghorbani-Nasrabani et al. 2013). The 

growth of actinomycetes was influenced by soil types and 

soil acidity, and the population of actinomycetes will be 

especially high in dry and alkaline soils (Athalye et al. 

1981, Goodfellow and Williams, 1983). However, from 

this study it turned out that on pineapple rhizosphere on 

which the soil tends to be wet and acid (pH < 6.0), various 

actinomycetes strains still can be collected. This became a 

good reason to explore new strains of actinomycetes from 

the local areas of pineapple plantation that might be 

potentially developed as biocontrol agents. 

All of the collected isolates were confirmed as Gram-

positive bacteria based on Ryu nonstaining KOH technique 

(Powers 1995). In general, the actinomycetes isolated from 

the pineapple rhizosphere had variations in the colony 

shapes and colours, as well as the presence or absence of 

diffusible pigment produced in the growth medium. Some 

colonies revealed very similar aerial surface color but their 

based substrates were very different. Those variations 

could be an indication of the presence of different strains. 

Sowndhararajan and Kang (2012) described that the colour 

of the aerial and substrate mycelia produced by 

actinomycetes varied with different media. Therefore, the 

use of only morphological and cultural characteristics may 

not be useful enough to identify the taxon status of each 

isolate.  

Antagonistic assay 

The results of antagonistic actinomycete screening of 

45 isolates by agar diffusion method showed that 34 

isolates formed clear zone around actinomycete colonies 

(Table 1). The clear zone indicated that the growth of D. 

zeae was inhibited by the actinomycetes.  Oskay et al. 

(2004) stated that actinomycetes can produce secondary 

metabolites that acted as antibacterial. Antibacterial 

activity of actinomycetes against bacterial phytopathogens 

have been widely reported (Zamanian et al. 2005, El 

Karkouri et al. 2010, Wulandari and Sulistyani 2016). 

Actinomycetes, especially Streptomyces, also inhibited the 

growth of several soft rot bacteria such as E. carotovora 

subsp. carotovora (Pectobacterium carotovorum subsp. 

carotovorum), and E. chrysanthemi (P. chrysanthemi). 

Therefore, the presence of growing clear zone around the 

tested actinomycetes was presumably because of the 

antibacterial activity against D. zeae  
 

 

  

A B 
 

Figure 2. Two selected actinomycete isolates grown in ISP2 

media at room temperature: (A) GGF2-i5 two weeks after 

inoculation, and (B) GGF4-i18 a week after inoculation. 

 

 

 

 

A B C D 

 
Figure 1. Some variations of shapes and colors of actinomycetes colonies isolated from pineapple rhizosphere in Lampung Province-

Indonesia: isolate A1 with diam. size 4.2mm (A); isolate GGF14-i26 diam. 3.4mm (B); isolate A2 diam. 2.2mm (C); isolate MJ2 diam. 

3.4mm (D) 
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Of 34 actinomycete isolates that exhibited inhibition 

activity against Dickey sp., fourteen of them had a bigger 

clear-zone than the positive control (chloramphenicol) 

(Table 1). This result indicated that those 14 strains may 

have a potency as bacterial antagonist and can be further 

studied to analyse their antibacterial compounds against D. 

zeae. It is suggested that pineapple plantation could be an 

important source to explore for active actinomycete strains 

potentially used as a biocontrol agent of D. zeae. Several 

studies concerning the role of actinomycetes as biocontrol 

agents for several soil-borne pathogens have been reported 

(Zamanian et al. 2005; El Karkouri 2010; Abdallah et al. 

2013), and they were usually applied in the field as root 

protection.  

Based on the diameter size of clear halo zone, there 

were two isolates that were promoted as the selected 

antagonist strains, namely GGF2-i5 and GGF4-i18 (Figure 

3). Both of them were subjected to further characterization 

by 16S rDNA sequence analysis to identify their taxon 

position. The difference sizes of clear halo zones can be an 

indication of the diversity of actinomycetes pineapple strains. 

 
Table 1. Inhibition zone of in vitro growth of Dickeya zeae by 

actinomycetes five days after inoculation 

 

Isolate code Diameter of clear zone (mm) 

A1 8.62 

A2 9.87 

A3 1.00 

A4 8.94 

A7 5.47 

A10 5.53 

A11 4.36 

A12 13.69 

MJ1 8.94 

MJ2 10.31 

MJ3 4.97 

MJ5 10.78 

MJ6 11.06 

MJ7 3.91 

MJ8 9.50 

MJ9 4.63 

MJ10 3.59 

MJ12 11.31 

MJ14 2.28 

GGF1-i1 0.47 

GGF2-i5  16.00 *) 

GGF9-i10 1.91 

GGF7-i16 1.58 

GGF4-i18  19.44 *) 

GGF10-i20 2.88 

GGF11-i21 3.32 

GGF14-i26 7.54 

GGF15-i27 3.63 

GGF18-i30 3.32 

NTF-2 6.63 

NTF-3 4.00 

NTF-4 2.10 

NTF-5 4.38 

NTF-30 1.10 

Control (chloramphenicol) 6.41 

Note: *) = Two strains selected as the potential antagonistic 

actinomycetes 

 

Characteristics of Actinomycetes 

The cultural characterization of 14 actinomycete strains 

showed that they varied in colony appearance such as the 

colour of the colony surface and pigment that diffuse and 

change the medium colour. The colonies colours ranged 

from bright white to dark blue with an elevated starchy 

surface (Figure 4). The observation by scanning electron 

microscope showed various different branched hypha and 

aerial hypha containing spore chains (Kumar et al. 2011). 

Strains of actinomycetes collected from pineapple 

rhizosphere samples revealed some characters including the 

various colour of aerial and substrate mycelia, structure of 

the substrate and aerial mycelia, branching of the hyphae 

containing spores, the structure of spore chains and spore 

surface and ornamentals. Photograph of actinomycetes 

strains GGF2-i5 and GGF4-i18 under scanning electron 

microscope is presented on Figure 5. The form of the 

spores varied from circular to ellipsoidal, and the spore 

surface was multifarious from velvety smooth to starchy 

rough. Based on aerial hypha and those mentioned typical 

characteristics, the actinomycete isolates from pineapple 

plantations were indicated as the genus Streptomyces. 

Among the genera of Actinomycetes, the genus 

Streptomyces was known in nature as the largest number of 

species and varieties, which differ greatly in their 

morphology, physiology and biochemical activities (Taddei 

et al. 1998; Suneetha et al. 2011). 

Phylogenetic analysis of 16S rDNA sequences 

The results of BLAST (https://blast.ncbi.nlm.nih.gov.) 

using 16S rDNA sequence-based search showed that the 

two selected actinomycetes strains were assigned as the 

genus of Streptomyces. The phylogenetic analysis revealed 

that the GGF2-i5 and GGF4-i18 strains were in the same 

group with the reference strains of Streptomyces parvulus 

(NBRC 13193, acc. no. AB 184326) and Streptomyces 

hygroscopicus subsp. hygroscopicus (NBRC 13472, acc. 

no. BBOX01000593), respectively (Figure 6). Streptomyces 

is well-known as one genus of actinomycetes that produce 

many kinds of bioactive metabolite compounds. 

Streptomyces parvulus isolated from soil was reported as 

producer of peptide antibiotic actinomycin D (Inbar and 

Lapidot 1988) especially by S. parvulus CBJ1 (Cibi et al. 

2016) and antimicrobial metabolites by Streptomyces 

parvulus DOSMB-D105 (Baskaran et al. 2016). Shaik et al. 

(2017) also reported that species of S. parvulus, known as 

an important producers of polypeptide antibiotic actinomycins, 

was tolerant to various physiological conditions in the 

marine environment. In this study, S. parvulus can be 

isolated from the soil of pineapple rhizosphere and 

exhibited antagonistic effect to D. zeae. This result proved 

that S. parvulus pineapple strain has the capability to 

produce bioactive metabolites under condition different 

from marine environment. The other antagonistic strain of 

actinomycetes isolated from pineapple rhizosphere is S. 

hygroscopicus subsp. hygroscopicus. This subspecies of S. 

hygroscopicus was reported as one of important sources to 

find new bioactive metabolites since more than 650 kinds 

of bioactive compounds were found from the members of 

S. hygroscopicus (Komaki et al. 2016). The two 
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Streptomyces species isolated from pineapple rhizosphere 

need further study to find their excellence as biocontrol 

agents of D. zeae, the causal agent of pineapple soft rot. 

Both of the 16S rRNA gene sequences from those two 

species were deposited in the GenBank with the accession 

number MH170279 and MH170280, respectively. The 

study of actinomycetes collected from pineapple 

rhizosphere is considered as the first report in Lampung 

Province, Indonesia. 

 

 

 

    

A B C 

 
Figure 3. Formation of a clear zone around the actinomycete culture strains GGF2-i5 (A), GGF4-i18 (B), and chloramphenicol as the 

control (C) in D. zeae lawn in PPGA media 24 hours after inoculation, incubated at room temperature. Each plate consisted of four plugs 

of the same strain as the replication. The clear zone indicated that the two strains (GGF2-i5 and GGF4-i18) showed the biggest 

inhibition effect against D. zeae. The control (chloramphenicol) showed very slightly clear zone 
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Figure 4. Variation of the colonies of representative antagonistic actinomycete strains on ISP2 media, grown at room temperature 14 

days after inoculation. Note: A. A2, B. A12, C. MJ8, D. GGF2-i5, E. GGF4-i18, F. GGF14-i26 
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Figure 5. Photograph of actinomycete strains GGF2-i5 (A) and GGF4-i18 (B) under scanning electron microscope at 5000x magnification 
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Figure 6. Phylogenetic tree of 16S rDNA sequences for actinomycetes strain GGF2-i5 and GGF4-i18 were generated by the Neighbor-

Joining method using MEGA6 (Tamura et al. 2013) with bootstrap 1000x 
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Abstract. Iskandar J, Mubarokah M, Kusmoro J, Partasasmita R. 2018. Ethnobotany of banana plants (Musa x paradisiaca) of 

Palintang Hamlet, Cipanjalu Village, Bandung, West Java, Indonesia. Biodiversitas 19: 2059-2072. Rural people of West Java have 

traditionally farmed many varieties (landraces) of bananas (Musa x paradisca L) in the agroecosystem of homegardens and gardens. 

Because of the increasing human population, rapid rate of agricultural land conversion to other land uses, intensive penetration of 

market economy to rural areas, and introduction and selection in favor of banana landraces having good taste for culinary and high 

market price, some landraces of bananas have become rare, even locally extinct in rural areas. The main purpose of this study was to 

elucidate local knowledge of Palintang people on landraces, population, local farming management, and utilization of bananas. The 

mixed methods, qualitative and quantitative were applied in this study, while some techniques of collecting primary data, mainly 

observation, participant observation, semi-structured interview, structured interview, semi-quantitative population of banana plant were 

carried out. The results of study showed that 18 landraces of bananas have been recorded in Palintang hamlet. Local knowledge or 

traditional ecological knowledge of Palintang people on bananas have been predominantly obtained from individual personal 

experiences and from the parents and ancestors, inherited from generation to generation via oral communication. Most banana landraces 

cultivated by Palintang farmers have superior culinary aspect, particularly good taste, and high price. As a result, some landraces of 

bananas considered not having good taste and having low price have rarely been planted in the gardens. Banana trees have traditionally 

been cultivated by farmers of Palintang based on traditional ecological knowledge and which has been culturally embedded. There are 7 

main stages of banana cultivation, namely preparation of banana suckers, land preparation, planting, caring, harvesting, post-harvesting 

management, and utilization of bananas for home consumption and sale through village middlemen and market. The banana cultivation 

has dramatically changed due to both ecosystem and rural community’s socio-cultural changes. 

Keywords: Banana, cultivation, landraces, local knowledge, Palintang, utilization 

INTRODUCTION 

Bananas are one of the most important fruits of rural 

areas in Indonesia, including West Java. Based on literature 

the cultivated bananas are usually identified as Musa 

paradisiaca, Family of Musaceae, and Order of Zingiberales. 

Of the 66 banana species in the world, 12 species have 

been recorded in Indonesia (Widjaja et al. 2014). Bananas, 

besides having a number of species, also have many 

varieties (landraces) in Indonesia. ‘Landrace’ in this paper 

is defined as a local category for grouping cultivated 

banana plants according to common characteristics 

reflected in specific vernacular names based on local 

people instead of grouping based on genetic composition 

according to Western knowledge or literature (Iskandar and 

Ellen 1999). Based on ethnobotanical study on bananas, at 

least 30 landraces have been recorded in Sukajaya Village, 

South Sumedang, West Java (Hehakaya 2010). Bananas 

have high diversity of both species and landraces in 

different areas of Indonesia, and Indonesia has been 

recognized as one of central areas of banana distribution in 

the world (Purseglove 1985). In addition, Indonesia has 

rich cultural diversity and bananas have been culturally 

cultivated in different agroecosystem types, including 

swidden (ladang or huma), homegarden (pekarangan), 

garden (kebun) and mixed-garden (kebun campuran) 

(Iskandar 1998; Iskandar 2016; Iskandar and Iskandar 

2018; Iskandar et al. 2018; 2018c).  

Bananas have made the biggest contribution to fruit 

productions in Indonesia. Approximately 30% of total fruit 

productions in Indonesia is contributed by bananas 

(Widjaja et al. 2014). Bananas have been traditionally 

utilized for various food uses, including dessert of ripe 

fresh banana fruit, boiled ripe banana fruit (pisang rebus), 

fried ripe banana fruit (pisang goreng), unripe banana fruit 

made into rujak bebek which is mixed with cassava or 

sweet potato and sauces, kolek pisang (banana mixes with 

sugar and coconut starch), banana crackers (kripik pisang) 

and traditional ritual offerings (Burkill 1935; Igarashi 

1985; Iskandar 1998). In addition, leaves of banana have 

traditionally been used for wrapping cooked rice (bungkus 

nasi timbel). Since bananas have important various 

traditional purposes, the diversity of bananas must be 

conserved to fulfill the daily needs of rural people 

(Kusumaatmaja 2001; Iskandar and Iskandar 2011; 

Iskandar and Iskandar 2016b; Haspari et al. 2017).  

Generally, nowadays the cultivation of bananas has 

been traditionally done by rural people across culture in 

Indonesia. For example, bananas have traditionally been 

farmed in various agroecosystems of West Java, including 
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in homegardens, swidden (huma), gardens and mixed-

gardens instead of commercially farmed in the banana 

plantation (Karyono 1981; Iskandar and Iskandar 2011; 

Iskandar and Iskandar 2015). Today since the population of 

rural people have rapidly increased, agricultural lands have 

been continuously converted to non-agricultural purposes, 

and market economic system has intensively penetrated 

rural areas, the ecological and socio-economic and cultural 

aspects of rural people have dramatically changed. For 

example, banana production has decreased due to the 

decreasing agricultural lands that have been used for 

planting bananas. In addition, some local varieties 

(landraces) of bananas have been favorably selected by 

rural people because of their good taste and high market 

price. Conversely, some landraces of bananas considered 

not tasty and having low market price have been rarely 

farmed by rural people. Consequently, some local 

landraces of bananas have been extinct due to rapid 

changes of ecosystems and socio-economic and cultural 

aspects of people (Iskandar and Iskandar 2016a; Iskandar et 

al. 2018).  

Some studies on bananas have been carried out by 

scholars in Indonesia. For example, study on varieties, uses, 

and traditional cultivation was undertaken in Sukajaya 

village, South sub-district, West Java. This research  

revealed that Sundanese people have rich traditional 

ecological knowledge (hereafter referred to as TEK) on 

bananas (Hehakaya 2010). Another study has been done on 

the grouping of species of bananas based on genome and 

kinship relationship on banana genome (Hapsari et al. 

2017; Fitriyah et al. 2017). 

This study was focused on TEK on bananas, namely on 

banana varieties (landraces), local knowledge sources of 

rural people on bananas, bananas farmed in the garden, and 

banana utilizations based on a case study in Palintang 

people of Bandung, West Java. The Palintang hamlet was 

chosen for the study due to some reasons, including the fact 

that this hamlet is located in the upland area of Bandung 

where most people work as vegetable farmers in the pine 

forest of Perhutani, and they have not been involved in 

wet-rice farming because there is no wet-rice field in the 

area (Iskandar et al. 2017). 

MATERIALS AND METHODS 

Study site 

This research was carried out in Palintang Hamlet, 

Cipanjalu Village, Cilengkrang Sub-district, Bandung 

District, West Java, Indonesia (Figure 1).  
 

 

 

 
 

Figure 1. Study site Palintang Hamlet, Cipanjalu Village, Cilengkrang Sub-district, Bandung District, West Java, Indonesia (Iskandar et 

al. 2017) 
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Geographically, Palintang is located approximately at 

107043’30”-107044’00” N, 6045’15”-6051’30” E. Palintang 

Hamlet is situated about 8 km to the north of Ujung 

Berung, and is positioned approximately between 800 and 

1,400 m above sea level. This hamlet is surrounded by pine 

forest (Pinus merkusii) and quinine (Cinchona calisaya) 

plantation. Administratively, to the north and east Palintang 

hamlet is bordered by the forest of Perhutani, to the south 

by Ciporeat village, and to the west by Bukit Unggul 

hamlet (Gunung Kasur). 

The total population of Palintang in 2018 was 632 

households. Most people of Palintang hamlet have main 

livelihood as farmers and farm laborers. The main 

agroecosystems of Palintang are the homegardens, gardens, 

vegetable gardens and coffee (Coffea arabica) plantations 

within the pine forest of the Perhutani by applying 

tumpang sari system, or mixed planting of coffee and pine 

(Iskandar et al. 2017). Banana trees have been commonly 

planted in the homegardens, gardens, and more recently 

both banana and coffee trees have been introduced in the 

Perhutani forest to minimize the vegetable gardens in the 

forest, to avoid soil erosion, to improve soil fertility, and to 

provide good income for the local people of Palintang 

Hamlet (Figure 2 and 3). Banana trees have been 

predominantly interplanted with other annual plants as well 

as perennial trees, including coffee, avocado (Persea 

americana), mango (Mangifera indica), pine, and suren 

(Toona sureni).  

Method 

This study used a mixture of qualitative and 

quantitative methods (Cresswell 2009; Iskandar 2018). 

Some techniques namely observation, participant 

observation, semi-structured interview, and survey of 

population and distribution of banana were applied to 

collect primary data in the field. Observation was aimed to 

observe the local environmental conditions, including the 

settlement and homegardens, gardens, and forest of 

Perhutani. The participant observation was done by 

interviewing and participating in some informant activities 

of cultivation of bananas, including preparing land, 

planting, providing fertilizers, and harvesting the fruit. The 

competent informants, namely formal hamlet, and village 

leaders, male and female farmers, Perhutani staff, and 

middlemen were purposively selected to get some 

information of banana varieties, cultivation process, and 

utilization. The structured interview was undertaken using 

questioner with respondents who were randomly selected. 

The total number of respondents was determined using a 

statistical formula based on Lynch et al. (1974) and 

Iskandar (2018), as follows:  

 

n =  

 

Where: 

n  : Sample number (respondents) 

N  : Total population of households:632 households  

Z  : Normal variable value (1.96) 

P  : Possible maximum proportion (0.50) 

d  : Error (0.10) 

n = 83 households 
 

To analyze the distribution and population of varieties 

(landraces) of bananas in gardens of Palintang hamlet, 30 

samples of gardens of total 83 respondents were selected. 

In each garden sample, the numbers of varieties and 

individuals of banana were recorded to determine the SDR 

(Summed Dominant Ratio) of each variety (Iskandar and 

Iskandar 2016b).  

Data analyses 

Qualitative data collected by observation, participant 

observation, and semi-structured interview were analyzed 

by crosschecking to get valid data, summarizing, 

synthesizing, and making narration with descriptive and 

evaluative analysis (cf, Newing et al. 2011; Iskandar 2018).  
 

 
 

 

  

 

Figure 2. Banana trees have been predominantly planted in 

homegardens of Palintang hamlet, West Java, Indonesia   

Figure 3. Banana and coffee trees have been introduced planted in 

the forest of Perhutani of Palintang hamlet, West Java, Indonesia   
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The quantitative data collected by structured interview 

were analyzed by simple statistical calculations as follows 

(Warsito 1992): 

 

 

 

Where: 

P  : Percentage of the total answer of respondents 

f  : Number of respondent answers 

N : Total respondents 

 

The results of statistical analyses were narrated with 

descriptive and evaluative analyses, while the population 

and distribution of each banana landrace were analyzed 

using the formula of SDR (Summed Dominant Ratio) 

(Iskandar and Iskandar 2016b). SDR was calculated using 

the following formula:  

 

    

 

Fr  = Frequency of a certain banana landrace x 100%  

   Total frequency of total banana landraces  

 

Dr  = Individual of a certain banana landrace x 100% 

   Total individuals of all banana landraces 
 

Where: 

F  : Absolute frequency of certain banana landrace 

found in all plots 

Fr  : Relative frequency 

Dr  : Relative dominance  

RESULTS AND DISCUSSION 

Local knowledge of banana variations  

Banana is locally named by Palintang people as cau or 

pisang in Indonesian. Based on interview with informants 

18 landraces of banana were recorded in Palintang hamlet 

(Table 1).  

The number of banana landraces recorded in Palintang 

was lower than that recorded in Sukajaja Village of 

Sumedang documented by Hehakaya (2010) which was 30. 

The low number of banana varieties in Palintang may be 

caused by many factors, including the high altitude of 

Palintang. The hamlet is located in an enclave area of the 

Perhutani forest area. Indeed, people have limited land size 

of homegardens as well as gardens for planting the banana 

trees. As a result, most people of Palintang have 

predominantly farmed the vegetable crops and banana trees 

in gardens of forest area. Based on the homegarden ecology 

in villages of Citarum watershed, it was revealed that there 

is a positive correlation between size of the homegardens 

and plant species diversity (Karyono 1981; Iskandar and 

Iskandar 2016b). In other words, the larger the size of a 

homegarden the more species of plants are found and vice 

versa.  

According to the TEK of Palintang people (emic view), 

the landraces of bananas can be classified based on 

morphology of fruit, morphology of pseudostem, skin color 

of mature fruit, color of fruit flesh, the presence of seeds in 

flesh of fruit, culinary aspect, and their utilization (Table 

1). On the other hand, based on Western knowledge the 

cultivated bananas are usually referred to as Musa x 

paradisiaca L or synonym Musa sapientum L in Linnean 

binomial nomenclature, Family of Musaceace (Purseglove 

1985). Variations or cultivars of banana can be identified 

and grouped based on 15 characters of determining genome 

by using score card of Simmond and Shepherd method 

(1982) (Fitriyah et al. 2017). Based on Western 

classification, banana cultivars are mainly genome groups. 

Variously cultivated bananas were originally from wild 

banana species, namely Musa acuminata Colla (with 

genetic composition of AA) and Musa balbisiana Colla 

(with genetic composition of BB). On the basis of 

composition of genes of AA and BB, some varieties 

(landraces) of bananas are found in Palintang, namely muli 

(AA), ambon Jepang, ambon lumut, and ambon bodas 

(AAA); raja cere, raja bulu, susu, and astrali (AAB); 

ampeyang, bogo and sewu (ABB); and manggala (BBB) 

(Purseglove 1985; Sudarnadi 1996). The genus of Musa 

has 66 species in the world, and originally comes from 

South East Asia, which is considered as the center of 

primary diversity of bananas, and bananas were initially 

domesticated in this region. Of the 66 species of bananas in 

the world, 12 species with various cultivars are recorded in 

Indonesia. However, nowadays, only 20 varieties 

(landraces) of bananas are registered in Indonesia, as 

presented in Table 2 (Widjaja et al. 2014). 

Sources of knowledge 

Most of respondents know about banana plant based on 

classification and nomenclature of local knowledge as level 

of folk species, and richer knowledge of varieties or folk 

varietal level according to Western botanical classification 

(cf. Berlin et al. 1973; Lizarralde 2004; Iskandar 2018). On 

folk varietal level, for example, banana (pisang) can be 

classified based on midrib base color, fruit shape, ripe fruit 

skin color, and the presence or absence of seeds in the fruit 

flesh (Table 1). Generally, based on the presence or 

absence of seeds, a total of 18 landraces of bananas in 

Palintang hamlet consisted of 16 varieties whose fruit does 

not contain seeds, and only two varieties, namely pisang 

manggala and pisang bogo which have seeds in the fruit. 

Based on the color of midrib, banana varieties can be 

classified into two groups. Most varieties have green and 

greenish midrib, and only two varieties have reddish 

midrib, namely pisang bawel and pisang bogo. In terms of 

utilization, most varieties of bananas are used as fresh fruit 

for human consumption. However, some landraces, 

including cau astroli, cau galek, cau sewu, and cau sewu 

have predominantly been consumed after having been 

cooked, including being fried, burned, and steamed instead 

of directly eaten as ripe fresh fruit. In addition, unlike other 

landraces, pisang manggala is not used for consumption 

because its fruit has seeds; instead, its leaves are used.  
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Table 1. Various landraces of banana in Palintang Hamlet, Cipanjalu Village, Cilengkrang Sub-district, Bandung District, West Java, Indonesia 

 

Banana landraces Pseudostem 
Tree  

tall 

Leaves Fruits 

Texture Midrib base Ripe fruit skin color Shape Flavor Texture Seed Flesh color 

            

Ambon Bodas Green with brown spots 2.5-3m Rather flexible Green Yellow Medium length Sweet Soft No seed White 

Ambon Jepang Green with brown spots 1.5-2m Not flexible Green Yellow greenish Medium length Sweet and fragrant Soft  No seed White 

Ambon Lumut Green with brown spots 3-3.5m Not flexible Green Yellow-green with black spots   Medium length Sweet and fragrant Soft and fluffy  No seed Yellowish 

Ampeang Green red line 2.5m Rather flexible Redish Yellow Short fat Sweet Rather hard No seed Yellowish 

Astrali Green yellowish  3m Not flexible Green Green yellowish Big length Sweet Rather hard No seed White 

Bawel Green yellowish  3.5m Rather flexible Green rather whitish Yellow greenish Long little flat Sweet Rather hard No seed White 

Bogo Green reddish 2.5m Rather flexible Reddish Yellow Short fat Sweet and fragrant Soft Little seeds While 

Gembor Green reddish slight blackish  3m Not flexible Reddish Red Short fat Rather bland Soft No seed White 

Golek Green 3m Not flexible Green Yellow with black spots Big length Sweet Rather hard  No seed White 

Manggala Green yellowish 2.5m Flexible Green Yellow Angular shape Not edible Not edible A lot of seeds  Yellow 

Muli Green yellowish  2m Flexible Green Yellow Short round Sweet Soft No seed Yellow 

Nangka Green yellowish 3m Not flexible Green whitish Yellow greenish Medium length Sweet Rather hard No seed White 

Raja Bulu Greenish 3m Rather flexible Green Clean yellow Medium length Sweet and fragrant  Lembut No seed Yellowish 

Raja Cere Dark green 2.5m Not flexible Greenish Yellow green with black spots Small short Sweet Soft No seed Yellow 

Ruhmid Green with black spots 1.5-2m Rather flexible Green Yellow-green with black spots  Small short Sweet Soft No seed Yellow 

Sewu Bright green 4-5m Not flexible Greenish Yellow greenish Short round Sweet Soft No seed Yellow 

Susu Green 2.5m Flexible Greenish Yellow Short Sweet Soft No seed Yellowish 

Tanduk Bright green 3.5m Rather flexible Green Yellow greenish Angular length Sweet Soft and fluffy No seed Yellowish 
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Table 2. Local varieties of bananas registered in Indonesia 

 

Name of local banana 

varieties 

Origin/proposer 

Pisang agung semeru District Lumajang, East Java 

Pisang mas kirana District of Lumajang, East Java 

Pisang kapok manurun Banjar, South Kalimantan 

Pisang talas District of Balangan, South Kalimantan 

Pisang telur Kerinci, Jambi, Sumatra 

Pisang sari Jimbaran, Bali 

Pisang raja nangka District of Meringin, Jambi 

Pisang raja bulu kuning District of Bogor, West Java 

Pisang ketip gunung sari West Lombok, West Nusatenggara 

Pisang unti saying Selayar, South Sulawesi 

Pisang gebyar District of Batang, Central Java 

Pisang jantan piaman Pariaman 

Pisang mulu bebe North Maluku 

Pisang kapok pontia District of Kubu Raya 

Pisang raja lawe District of Banjarnegara 

Pisang mas bernas Jambi 

Pisang limba North Sulawesi 

Pisang ratahan North Sulawesi 

Pisang barangan merahi District of Serdang 

Pisang kapok bangun sari District of Serdang 

Source: Widjaja et al. (2014) 

  
 

 

 
 

Figure 4. The way of obtaining local knowledge on banana of 

Palintang people, West Java, Indonesia  

  

 

Most of respondents obtained TEK on banana, 

including its varieties, cultivation, and utilization from 

individual personal experiences (81%), and the rest (19%) 

obtained from the parents and ancestors, inherited from 

generation to generation via oral communications using 

mother tongue, namely Sundanese language (bahasa 

Sunda) (Figure 4). 

This result is in line with those of studies undertaken by 

some scholars, which mentioned that because rural people 

traditionally have intensive interaction with their 

environment, over time, they obtain various local 

knowledge or TEK, including knowledge on bananas and 

this knowledge is transmitted among community members 

(cf. Boyd and Richerson 1985; Hewlett and Cavalli-Sforza 

1986; Puri 1997; Lizarralde 2004; Iskandar and Iskandar 

2005; Iskandar 2018; Yenrizal 2015). TEK may be defined 

as ‘a cumulative body of knowledge, practice, and beliefs, 

evolving adaptive processes and handed down through 

generations by cultural transmission, about the relationship 

of living beings (including humans) with one another and 

with their environment (Berkes 2008). TEK is different 

from the scientific Western knowledge in that it is 

predominantly qualitative instead of quantitative, mostly 

intuitive instead of pure rational, holistic instead of 

reductionistic, emphasizing on empirical aspects instead of 

theoretical analysis, and based on diachronic data (long run 

experiences) instead of synchronic data (short run basis) 

(Ellen et al. 1993; Iskandar 2018).  

Palintang people are a local community living in the 

enclave area of the Perhutani forest. Traditionally they 

have been agriculturalist, growing vegetables and other 

crops in their lands and in the Perhutani forest. One of the 

most impressive features of Palintang TEK is that the 

majority of people can identify various bananas. Based on 

interview, it has been revealed that the distribution of 

knowledge with Palintang communities is not homogenous. 

Generally, old people and people who are intensively 

involved in planting various crops in their garden have 

greater banana knowledge than the young people and non-

farmers. According to environmental history, most farmers 

of Palintang pass through three general stages in learning 

bananas which can be labeled ‘parental', ‘peer', and 

‘individual' learning. These categories are based on the 

dominant source of knowledge of bananas during each 

stage. Parental learning involves fathers and other elders 

informally teaching children. Learning at this stage is 

equivalent to ‘vertical cultural transmission' (cf. Puri 1997), 

because socially transmitted banana knowledge is passed 

from generation to generation. Peer learning occurs in 

groups of young generation, who have started practicing 

planting crops, including banana. Learning in the stage of 

peer learning is equivalent to horizontal cultural 

transmission, because it occurs between members of same 

generation of Palintang community. Individual learning 

happens during adult period, when they often prefer to 

cultivate banana crops by themselves, before they have 

children to teach and after their children start to cultivate 

with their peers. Thus, elders end up farming crops by 

themselves or with a single companion, rather than planting 

banana crops in a group of farmers, and knowledge 

learning in crops, including banana in both garden and 

forest of Perhutani is predominantly individualistic. Based 

on the transmission of local knowledge, it can be inferred 

that respondents of Palintang people have obtained 

knowledge of bananas mainly from personal experiences 

(81%), after processing of parental and peer learning, 

during children and adolescent stage, and the rest (19%) 

obtained knowledge from the parents as mentioned earlier.  

Population of bananas in the garden 

Various banana landraces are predominantly found in 

several agroecosystem types, including homegarden, 

garden and forest garden of Perhutani forest. Traditionally, 

banana trees in both gardens and forests have been 

predominantly planted by interplanting with other annual 

and perennial plants, including beans, cassava (Manihot 

eculenta Crantz), avocado (Persea americana Mill), coffee 

(Coffea arabica L), suren (Toona sureni), and bamboo 

(Gigantochloa apus (Schult. F.) Kurz) (Figure 5).  
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Figure 5. A. Banana trees are interplanted with annual crops, including beans, and other perennial trees, such as suren (Toona sureni). 

B. Bananas are interplanted with other perennial crops, including avocado (Persea americana) in garden of Palintang hamlet 

 

 

  

Table 3. SDR (Summed Dominant Ratio) value of banana 

landraces recorded in the garden agroecosystem of Palintang, 

West Java, Indonesia  
 

Banana 

variations 

Relative 

frequency 

(FR) 

Relative 

dominance 

(DR) 

Summed 

dominant 

ratio (SDR) 

Ambon bodas 5.64% 4.59% 5.11% 

Ambon Jepang 6.45% 8.17% 7.31% 

Ambon Lumut 24.19% 22.61% 23.40% 

Ampeang 1.61% 1.63% 1.62% 

Astrali 2.41% 2.72% 2.56% 

Bawel 4.03% 3.26% 3.64% 

Bogo 1.61% 1.63% 1.39% 

Gembor 0.80% 0.81% 0.80% 

Golek 1.61% 1.08% 1.34% 

Manggala 1.61% 1.63% 1.62% 

Muli 16.93% 23.70% 20.31% 

Nangka 5.64% 4.35% 4.99% 

Raja Bulu 6.45% 6.53% 6.49% 

Raja Cere 14.51% 13.07% 13.79% 

Ruhmid 1.61% 1.08% 1.34% 

Sewu 0.80% 0.54% 0.67% 

Susu 1.61% 1.08% 1.34% 

Tanduk 2.41% 1.63% 2.02% 

   

 

Among 18 varieties of bananas in 30 gardens or plots in 

hamlet Palintang, 7 landraces have been predominately 

recorded, namely Ambon lumut (23.40%), Muli (20.31%), 

Raja Cere (13.79%), Ambon Jepang (7.31%), Raja Bulu 

(6.49%), Ambon bodas (5.11%), and Cau nangka (4.99%) 

(Table 3).  

The value of SDR (Table 3) in Palintang gardens is 

presumably related to the quality of banana landrace, 

including fruit texture, and flavor. For example, pisang/cau 

ambon lumut, ambon Jepang, muli, and raja cere have high 

SDR value than other varieties because the ripe fruit of 

these varieties has smooth texture and good taste (sweet 

and tasty) as dessert. Because of the good quality of these 

landraces, they are preferred for household consumption, 

and the demand of these landraces has increased. As a 

result, these landraces are predominantly sold in markets 

and small shops (warung). For example, based on 

ethnobotanical study on edible plants traded in the 

traditional market, banana landraces of ambon lumut and 

muli have been predominantly recorded in the traditional 

market of Ujungberung, Bandung, located close to 

Palintang hamlet (Iskandar et al. 2018a). Conversely, 

banana variety of manggala, that has seeds in the flesh and 

does not taste good, is rarely consumed as fruit, less 

demanded by people and its price is low. Consequently, 

this variety has rarely been planted in the gardens, as 

indicated by low value of SDR (Table 3). Instead of its 

fruit, it is its leaves that are used by the people. Since the 

intensive selection of the Palintang, some landraces of 

banana have not been in demand by rural people, and these 

landraces have rarely been planted by rural people and this 

trend may cause local extinction (cf. Iskandar et al. 2018b). 

This is very detrimental to biodiversity conservation for the 

long term, because the extinction of local varieties of 

bananas also causes the loss of various biological resources 

used for plant breeding program to produce new varieties, 

such as those with high production and resistance to 

various environmental disturbances. 

Cultivation of banana  

Cultivation of banana has been undertaken by Palintang 

people based on their TEK embedded in their culture. 

There are 7 stages of the cultivation of banana, namely 

preparation of an underground stem with sucker (nyiapkeun 

bibit), preparation of land (nyiapkan lahan), planting 

(melak), caring (ngarawat), harvesting (manen cau), and 

utilization.  

Preparation of banana sapling (nyiapkeun bibit) 

Before land preparation and planting of banana trees in 

a garden, first of all, an underground stem with sucker 

(bibit tangkal cau) is prepared. The underground stem with 

sucker is obtained by separating the new shoot, in the form 

of individual young banana or an underground stem with 

A B 
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suckers, from the parent banana plant. The individual 

banana suckers, particularly the healthy ones with good 

buds, are properly selected from mature parent trees. The 

banana suckers are taken not from mature parent trees that 

are being attacked by diseases. Therefore, if the banana 

suckers are vegetatively planted later on, they can grow 

properly and produce a lot of good fruit.  

According to interview with informants, banana 

underground stem with suckers are obtained not only from 

the parent trees that have been available in the garden of 

each household but also from the barter with other farmers 

in the village. In addition, several introduced varieties of 

bananas, including cau sewu are obtained by buying from a 

seller who sells seedlings at a kiosk. A total of 77% of 

respondents have got banana seedlings from vegetative 

propagation of existing parent pseudostems, and 2% got 

from buying at agricultural kiosks (Figure 6).  

The underground stem with suckers of banana landraces 

of cau sewu or pisang seribu that has specific 

characteristics, including length of bunches is 

approximately 2.5-3 meter, has been mainly obtained from 

buying. It has a lot of fruit, and as a result, it is popularly 

called cau sewu that means a thousand units of fruit. 

Another characteristic of cau sewu is its small fruit, and 

therefore this variety is predominantly used for esthetical 

function in homegarden instead of production purpose.  

The banana suckers for planting are commonly taken 

from the mature parent’s pseudostem. They are separated 

(ditugar) by cutting using hoes (pacul). According to 

informants, the suckers must be properly selected for good 

individuals, such as having been more than two years old. 

Since suckers are properly taken, the banana parents are not 

disturbed. As expressed in rural people term, the banana 

parent pseudostems are not ‘angry’ as their children 

(suckers) are taken.  

The suckers of banana that have been separated from 

the parent trees may not be stored for more than 5 days, 

because the suckers will rot if stored too long without 

growth media. The good sucker for planting is a banana 

shoot with a height of 1-1.5 meters and has at least 2 

leaves, particularly individuals of sucker with smaller leaf 

width are preferred. The banana sucker that has just been 

removed is cleansed from soil, and all roots are cut to 

stimulate new root growth after planting. Banana sucker is 

put in a shaded place for 1-2 days, and is ready to be 

planted in a garden (kebon).  

 
 

 
 

Figure 6. The way of obtaining young banana tree seedlings for 

replanting in gardens of Palintang people, West Java, Indonesia 

Land preparation  

The lands in the form of garden in Palintang used for 

planting banana are private land owned by each household 

and forest area of the Perhutani. Farmers may cultivate 

crops, including banana in forest of Perhutani in an 

intercropping (tumpang sari) program of Perhutani. Based 

on Perhutani regulation, rural people of Palintang are 

allowed to practice garden cultivation, but have duty to 

maintain forest plants. They plant coffee (Coffea arabica 

L) and banana (Musa x paradisiaca L) trees to provide 

income for local rural people and conservation of forest 

(Iskandar et al. 2017). Bananas are predominantly planted 

in combination with coffee trees and planted between 

vegetable crops (tumpang sela). Other land use types, 

homegarden and dry land at the edge of pond are also 

commonly planted with bananas.  

Land preparation for planting banana in a garden has 

several stages. First, the grasses and shrubs are cut by 

chopping knives (parang), machetes (bedog or golok), and 

hoes (cangkul or pacul). Cutting of grasses and shrubs is 

named ngababad that is undertaken during the dry season. 

Vegetation biomass is collected, made into several piles 

(dionggokeun), and dried with direct sunlight. Second, the 

dry vegetation biomass is burned (ngahuru). The residual 

ash from burning (abu sisa ngahuru) is poured around the 

holes for planting banana sucker which is aimed to improve 

soil fertility. Because the residual ash from burning 

consists of rich nutrients, including potassium, calcium, 

and magnesium, it can be used as source of nutrient for 

banana trees (cf. Ekawati and Zasli 2012) 

Third, the land is loosen using hoes and, in the same 

time, the rest of weeds, including alang-alang/eurih 

(Imperata cylindrica (L) Raeschel) are totally cut 

(ngalenangkeun). If the alang-alang has not been totally 

cut, this grass will disturb crops, including bananas. 

Imperata grass is an annual terrestrial weed that has the 

ability to develop rapidly, and can grow anywhere 

including infertile land, ex-forest area and abandoned land 

(Nasution 1986). 

Forth, since bananas must be planted in holes, holes are 

made. The size of a hole is usually 0.5 m deep and 0.5 m in 

diameter. Each hole is added with chopped banana 

pseudostems and residual chopped saplings as organic 

fertilizers. In addition, inorganic fertilizer of Urea mixed 

with organic fertilizer namely the remaining ash from 

burning of grasses and shrubs, and ash of the kitchen stove 

is also added in holes, and the holes are covered with soil. 

Fifth, the chopped banana pseudostems and urea are buried 

in the holes for several days so that they decay in the hole. 

According to Sriharti and Salim (2008), banana wastes, 

including pseudostems are organic substances that can be 

used for making compost for agricultural crops. It has also 

been known that bananas respond well to added nitrogen 

and they have a high potassium requirement (Purseglove 

1985). In other words, Palintang farmers have been able to 

combine knowledge by applying organic fertilizers as 

tradition in planting bananas with inorganic fertilizers, 

including Urea based on Western knowledge for planting 

bananas in this time (cf. Iskandar and Ellen 2007).  
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The length of time for burying of chopped banana 

stems, ash, and Urea is about 2-3 weeks, then the planting 

hole is opened and ready to be planted with bananas. 

Preparation of this land is undertaken during the dry season 

between June and October, so when the rainy season 

arrives, the land is ready to be planted with bananas. 

Planting 

Planting of bananas is predominantly done at the 

beginning of the rainy season in November and December. 

Rural people of Palintang know traditional calculation of 

time (mangsa) is based on their TEK. As a result, like 

traditional swidden farmers in South Banten and South 

Cianjur, West Java, they can predict the appropriate time 

for planting bananas (Iskandar and Iskandar 2016c; 

Iskandar, Iskandar and Partasasmita 2016). In traditional 

Sundanese calendar, 12 times (mangsa) are recognized in 

one year, namely kasa (41 days), karo (23 days), katiga (24 

days), sapar (25 days), kanem (43 days), kapitu (43 days), 

kadalapan (26/27 days), kasalapan (25 days), kasapuluh 

(24 days), hapit lemah (23 days), and hapit kayu (41 days). 

According to their tradition, the appropriate time to plant 

bananas is between the fourth month (mangsa sapar) and 

sixth month (mangsa kanem), which is usually at the end of 

dry season and at the beginning of rainy season, between 

November and December.  

Planting of bananas in a garden has been undertaken in 

two main stages. Firstly, the land is prepared, particularly 

holes are dug for putting banana suckers. The planting 

distance is approximately 2.5 m x 3 m, if bananas are 

planted in the monoculture of garden system. However, if 

bananas are interplanted with of other crops such as coffee 

and avocado, the planting distance is approximately 5 m x 

10 m or they are planted on the edge of the cliff (pinggir 

tebing) of the garden. An underground stem with suckers 

(benih pisang) selected to be planted are the individuals 

which have small leaves or which have already had leaves, 

but all the leaves are cut, except for the young leaves that 

are still rolling (pucuk daun ngora). The cutting of leaves is 

undertaken to reduce evapotranspiration. Based on plant 

physiology, reducing the number of strands and cutting 

leaves will reduce the occurrence of water 

evapotranspiration, because when the area and number of 

leaves are reduced, the number of stomates, through which 

the plants loses water, will be reduced too. (Meltin 2009).  

Secondly, planting banana, namely putting a sucker in a 

hole previously prepared, and the hole is covered with soil. 

As a result, the base of the underground stem with suckers 

is covered with soil, and the surface of the soil is covered 

with chopped banana pseudostems (bagedor) which 

functions as organic fertilizers (Figure 7). If the sucker 

(benih pisang) is too high, it must be supported by a 

bamboo stem (dipancuh) so that the banana stem does not 

fall if there is strong wind.  

Caring of banana trees 

The caring of banana is undertaken by farmers to ensure 

that the plants grow properly and produce good fruit. The 

first step is removing the grasses growing around the plants 

using a small hoe (kored). All weeds are buried around the 

plants as organic fertilizers. After weeding, 15 days and 20 

days after planting, the plants are fertilized. Fertilizer is 

given by sprinkling fertilizer around the plants at a distance 

of about 30 cm from the base. Before sprinkling the 

fertilizer, a circular ditch of about 10 cm width is made 

first, and the fertilizer is sprinkled into the ditch and then it 

is covered with soil. Some fertilizers mostly used by 

farmers are organic fertilizers, such as sheep and chicken 

dung and inorganic fertilizers, such as urea and KCL with a 

proportion of 3:2. The dung of chicken is not directly given 

because it is still hot. So, the dung is left between 4 days 

and 7 days before it is used as fertilizer. In a certain case, 

the banana trees are not fertilized by farmers because the 

bananas are sometimes interplanted with other crops such 

as vegetables which are commonly fertilized intensively.  

Seventy (70) percent of respondents used inorganic 

fertilizer of Urea and KCL, 17% applied fertilizer of animal 

dung, and 13% did not apply fertilizer because the banana 

plants have indirectly obtained fertilizer from the fertilizer 

given to vegetables which are interplanted with banana 

trees (Figure 8).  
 

 

 
 

Figure 7. An underground stem with suckers is being covered 

with soil and its top is covered with chopped banana pseudostem 

as organic fertilizer   

  

 

 

 
 

Figure 8. Cultivation of banana was undertaken by Palintang 

people, West Java, Indonesia with provision of fertilizers and 

without provision of fertilizers  
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Ecologically, bananas require considerable amounts of 

mineral nutrient to maintain yields and these can be 

supplied by growing them on very fertile soils or applying 

fertilizer regularly. They have high demands for nitrogen 

and potassium (Purseglove 1985). In this case, Palintang 

farmers appropriately provide fertilizer urea and KCL 

containing nitrogen and potassium.  

In addition to fertilization, another effort for caring 

banana trees is the cutting of dry dead leaves (karakas), 

undertaken any time, and the non-dry leaves, about 7 

leaves per tree, are left on the tree to continue growing. The 

main purpose of cutting the dry dead leaves (perempalan) 

is to maintain environmental hygiene to prevent the attack 

of pests and diseases. The cutting of leaves is mainly done 

for bananas that have too many shoots.  

Since the shoots of banana have grown from base of an 

underground pseudostem (bonggol) of parent, banana 

leaves produce a lot of banana clumps (dapuran cau). In 

one clump no more than four individual shoots are left to 

grow, because too many shoots will reduce the fruit 

production. As a result, several individual shoots are cut 

and chopped to be used as organic fertilizer for the clump 

of banana.  

Some pests have attacked bananas. For example, a 

banana worm (cacing cau) has been popularly known by 

Palintang farmers as a pest attacking the pseudostem of 

bananas. Based on Western knowledge (literature), the 

banana worm that commonly attacks the pseudostem of 

banana is a nematode, namely Perionyx excavatus 

(Purnomo et al 2017). This nematode predominantly lives 

in between banana midribs, and if this nematode lives for a 

long time, it may cause the bananas to wither and finally 

die. If one midrib has been attacked by a banana worm, 

other bananas of the same clump may also be attacked and 

may die.  

Another nematode has attacked mostly the underground 

pseudostems and roots, namely Rotulenchus similis or 

Radopholus similis (Rahmawati 2016). This kind of 

nematode is popularly named by Palintang farmers as 

janggel pest (hama janggel). Bananas may wither if they 

get janggel attack, causing cavities in base of pseudostems 

and swelling of roots. To prevent worm attacks of both 

underground and above ground pseudostem, some efforts 

are undertaken by farmers, including cutting all the 

pseudostem, without using pesticides, while the clumps 

attacked by the pests are left for a while or replaced with 

other bananas. This is undertaken to break the spread of the 

pests to other banana trees.  

In addition, there is a pest which predominantly attacks 

leaves of bananas, called hama ulat daun (leaf caterpillar 

pest), namely Erienota thrax. The attacked leaves roll into 

a tube and are torn until all the leaves are gone. E. thrax is 

recognized as the larvae of Hesperiidae an insect that 

usually lives in bananas (Pratiwi et al. 2014). 

Pest attacks on banana leaves usually occur at the 

beginning of the dry season. Banana leaf pests should not 

be disturbed or sprayed with insecticides because they will 

not interfere with the development and quality of banana 

plants. According to the Palintang farmers if the banana 

plant is affected by caterpillars, it means that the banana 

leaves are being used for a ceremony (hajatan) needed by 

their ancestors (leluhur), so if the leaves are sprayed with 

insecticides poisoning may occur, and the ancestors will be 

angry. As a result, the production of bananas will decrease. 

In terms of environmental conservation, belief systems 

serve as adaptive functions for human societies and their 

local environment (Lovelace 1984; Dove et al. 2005). 

Meanwhile, based on Western knowledge (ethical 

view), according to Kalshoven (1981), E. thrax is an insect 

from the Order of Lepidoptera that lay eggs and the eggs 

hatch into white larvae. The larvae will cut and roll leaves 

on an oblique basis. The larval stage will take 28 days. At 

this larval stage, all the leaves on the banana plant will be 

exhausted except for the tops that have not been 

opened. The larvae will develop until they turn into imago 

in the form of brown butterflies that will suck nectar and 

help the pollination of banana flowers. So, when a 

caterpillar that damages the banana plant is sprayed with 

insecticides, the larvae will die and will not become an 

imago (butterfly), and there will be no E. thrax butterfly 

adult which fly in the evening and early morning and feed 

on nectar may help pollination on banana and the 

production of banana fruit will not be maximized 

(Kalshoven 1981). 

The belief of the people of Palintang hamlet will 

indirectly help the efforts of conservation of an insect, E. 

thrax, and the balance of the ecosystem will be maintained 

because it provides the main food source for the ladybug 

killer Rhynocoris fuscipes so that the energy transfer path 

will not be disrupted (Bellows and Fisher 1999). 

However, with the development of a commercial 

vegetable farming system in the Palintang hamlet, synthetic 

pesticides have been intensively used, also for bananas. 

Consequently, the intensive used of pesticides in bananas 

and vegetables has provided not only positive aspects, 

including killing the pests, but also negative aspects, 

including killing the predators of the pest and polluting the 

environment (Iskandar et al. 2017).  

Harvesting 

The banana pseudostem will start to produce a flower 

spike or inflorescence (mologong) some 8-10 months after 

planting. One bunch consists of 7 hands of banana fruit 

(uler). The number of hands of each bunch varies among 

landraces of bananas. The development stage into maturity, 

after last flowers on the bunch bloom, marked by the 

growth of would-be banana fruit (uler) proceeds very 

slowly, immediately after the remaining male flower 

(jantung pisang) is cut. 

The cut tip of the low part of bunch, near the male 

flower (jantung pisang) is wrapped using a small plastic 

bag that has been filled with little urea fertilizer and the 

plastic is tied using a rubber band. It is aimed to get more 

production of fruit hands on a bunch. Moreover, if banana 

fruit on a bunch looks mature, the fruit is wrapped by a 

plastic bag (kantong plastic) or a gunny sack (karung goni) 

measuring 1 m x 45 cm. It has a special function to protect 

the fruit from damage by insects and disease and friction of 

banana leaves (Figure 9). Wrapping the fruit, particularly 

for ambon lumut landrace is done to get good fruit skin, 
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without black spots. A high banana tree that has a lot of 

fruit is usually supported using a bamboo stalk, so as not to 

easily collapse when it is blown by strong winds.  

Harvesting of banana fruit is usually undertaken 

approximately 3-4 months after the appearing of flowers or 

about 1 year after planting of sucker. The way people know 

that bananas are ready to be harvested, among others, is by 

looking at the condition of the flag leaves that have dried 

up: not much of the leaf midrib is collapsed, the pistil is 

easily broken, the fruit is fully developed and the fruit skin 

is bright. 

Harvesting of banana is done by cutting the pseudostem 

using a machete (golok or bedog), and a banana bunch is 

kept from falling to the ground to prevent damage of the 

fruit. The bunch of banana is cut about 30 cm from base of 

the top of the pseudostem, as high as 0.7 m to 1 m from the 

base of the pseudostem on top of soil. This method is 

intended to trigger the growth of suckers or young shoots.  

According to the perception of Palintang people (emic 

analysis), if harvesting banana fruit is done only by cutting 

off the part of the bunch without cutting down the 

pseudostem, the plant will get unhealthy (gering nangtung) 

or ‘like a healthy person but actually unhealthy’. Based on 

Western scientific knowledge (etic analysis), unhealthy 

banana that is called by local people is that the banana 

plant remains standing but will eventually rot and will 

become a source of disease for the clump of plants. 

Harvesting bananas are done once a week, because 

when one banana tree is old and ready to be harvested, next 

week there will be another tree that is ready to be 

harvested. In other words, harvesting bananas can occur 

continuously over time. One spike (saturuy) on a bunch of 

landrace of ambon lumut that has been harvested will 

produce approximately between 12 kilograms and 15 

kilograms of banana fruit. 

Post harvesting management 

After the banana fruit has been harvested, the hands of 

banana fruit on a bunch are separated from each other by 

carefully cutting them using a sharp knife (Figure 8). Then, 

the fruit is incubated (dipeuyeum) for a couple of weeks. 

The process of ripening banana fruit is done to get banana 

fruit hands for sale ripen evenly.  

In the past, the process of ripening banana fruit was 

undertaken by putting banana fruit in a large hole in the 

ground filled with various leaves of plants, including suren 

(Toona sureni (Blume) Merr) and smoked via a bamboo 

stem with blowing of traditional fan of bamboo. Another 

method of ripening banana fruit was by putting the fruit in a 

bamboo basket and wrapped the basket with various plants 

leaves, including dry banana leaves. Still, another method 

was wrapping carbide in cloth and storing it in a pile of 

bananas. This was undertaken inside the house. However, 

the ripe banana fruit will be hard for selling due to the odor 

remaining in the fruit and black color of banana skin.   

Today, the process of ripening of banana fruit is done 

mostly using substances for fruit ripening that are widely 

sold in stalls or agricultural shops. The stimulating agent 

used is a form of powder-stimulating substance with the 

trademark known by farmers as ‘cepa’. Traditionally, this 

stimulant substance is known by Palintang community as a 

drug. The dose of this stimulant is approximately a table 

spoonful of cepa mixed with about 5 liters of clean water, 

and the banana fruit is washed (dimandikan) in the cepa 

solution.  

The fruit that has been washed is then dried for about 

30 minutes or until its surface is no longer, and then it is 

stored in the house by stacking it in the corners of the room 

and wrapped it using plastic (Figure 10). Banana fruit will 

ripen perfectly after having been ripened for 3 days. In 

Western knowledge, the ripening using stimulants can 

trigger the work of ethylene in fruit so that the ripening 

process of the fruit can take place more quickly (Ridyanty 

et al. 2015). Ripening using stimulant substances will not 

cause odor, and the banana skin still looks smooth, and the 

level of toxicity becomes less and will not damage the 

environment with the residues produced 

 

 

 

  
  

Figure 9. Banana fruit is wrapped with a plastic bag and a gunny 

sack to protect it against pests and diseases.  

Figure 10. Harvested ripe banana fruit 
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Ripe bananas can then be sold to rural middlemen or 

sold directly to the local market. Bananas sold to rural 

middlemen are usually freshly harvested and are still in raw 

condition. Sometimes, banana fruit is sold to rural 

middlemen when the fruit is still on the pseudostem 

(diborongkeun). In this system (diborongkeun), the 

treatment of fruit which is still on the pseudostem is 

undertaken by the middlemen.  

 

Utilization of banana production 

The banana fruit harvested from garden are usually sold 

and for home consumption. Most good grade quality of 

banana fruit productions are sold to local market, village 

middlemen or other middlemen who usually come to 

Palintang hamlet. Meanwhile, some banana fruit 

productions of low quality, including defective bananas and 

small banana hands of the end of bunch (butiti) that cannot 

be sold, are commonly used for home consumption. 

Generally, the upper hands of banana (tandan or sehang) 

on a bunch (turuy) are sold to middlemen. The fresh, not 

too-ripe bananas just harvested from garden were sold to 

fruit traders at a price between Rp 4.000 and Rp 5.000 per 

kilogram in 2018. While the ripe bananas which have been 

ripened were usually sold at a price between Rp. 5.000 and 

Rp 8.000 per kilogram. Some landraces have good selling 

prices in small shops (warung), including ambon bodas, 

ambon jepang, ambon lumut, and nangka (Rp5.000/kg); 

ampeang (Rp 7000/kg), raja cere raja bulu, and tanduk 

(Rp 10.000/kg), astrali, galek (Rp 15.000/kg). The price of 

banana fruit varies greatly among landraces and among 

grades of bananas. The most sold banana landrace in 

Palinang hamlet is cau ambon lumut because this landrace 

has some advantages, including having a lot of hands, large 

fruit size, good taste, and high economic value.  

Traditionally, for home consumption, bananas have 

been differently used by rural people of Palintang. Ripe 

bananas are directly eaten as a dessert. Several banana 

landraces are usually consumed after cooking process 

(Table 4). For example, some banana landraces, namely 

cau astroli, golek, nangka, sewu, and tanduk are usually 

cooked, such as roasted (dibeuleum), burned in the ashes of 

a fireplace (dibubuy), steamed (diseupan), and fried 

(digoreng). In addition, bananas are also made into 

traditional cakes, including pisang goreng (fried flesh of 

ripe banana mixed with rice flour), nagasari (steamed flesh 

of ripe banana mixed with rice flour wrapped with banana 

leaves), and kolak pisang (boiled flesh of ripe banana 

mixed with brown sugar, and coconut milk) (Table 4).  

Various traditional cakes made of bananas have 

commonly been consumed as ngaleueut or being eaten with 

a glass of tea or coffee in the morning and/or afternoon (cf. 

Igarashi 1985). Other parts of bananas, including leaves, 

pseudostems, and inflorences have also been used for 

several functions. For example, leaves of cau manggala 

have been used mostly for wrapping steamed rice (nasi 

timbel), while the pseudostems have been used as organic 

fertilizers. Ecologically, banana trees have been used as 

one of indicators as soil quality. According to the 

perception of informants (emic view), good bananas are 

usually indicators of good soils. It is confirmed by Western 

knowledge or literature (etic view) that bananas are plants 

of tropical humid, grown on wide range of soils provided 

there is good drainage with adequate fertility and moisture 

(Purseglove 1985). 

 

 

 
  

Table 4. Various banana landraces and utilization by the rural community of Palintang, West Java, Indonesia 

 

Landraces 
Consumption of fruit 

Cooking process 
Fresh eaten Cooked 

Ambon bodas ✓    

Ambon Jepang ✓    

Ambo lumut ✓  ✓  Ripe banana is eaten as a dessert fruit, and ripe banana can be made into banana crakers 

(kiripik pisang) 

Ampeang ✓    

Astrali   Fried, Steamed 

Bawel ✓    

Bogo ✓    

Gembor ✓    

Golek  ✓  Fried, Steamed 

Mangga*)   *) Non ripe fruit is made into ‘rujak ulek’ (a non ripe banana fruit is mixed with cassava, 

sweet potato, chili, sugar, and brown sugar is pounded.  

Muli ✓    

Nangka  ✓  Fried, steamed, making of kolak (ripe banana, brown sugar, coconut milk, and water is 

boiled); nagasari (a ripe banana and rice flour is steamed and wrapped with a banana 

leaf); and other traditional cakes. 

Raja bulu ✓  ✓  Fried, Steamed 

Raja cere ✓  ✓  Fried and mixed with bread; steamed 

Ruhmid ✓    

Sewu  ✓  Steamed, and usually drunk with ‘bajigur’ (Sundanese drink made of brown sugar and 

young coconut) 

Susu ✓    

Tanduk  ✓  Fried, Steamed 
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Changes of banana cultivation 

According to the environmental history, in the past, the 

Palintang hamlet was originally an enclave hamlet in the 

forest. During the Dutch colonial period, most people were 

involved as laborers in plantation in the forest area. During 

the Post-colonial period, most people were involved as 

laborers of intercropping (tumpang sari) program of the 

Perhutani forest. Due to economic development, intensive 

farming of commercial vegetable has been undertaken by 

Palintang people. Although providing high income for 

village community, this method of farming has caused 

some environmental disturbances, including forest 

destruction, soil erosion, landslide, and environmental 

pollution from pesticide uses. More recently, to avoid 

environmental destruction and to improve the rural 

household income, introduction of coffee and banana trees 

have been undertaken by the Perhutani involving Palintang 

people (Iskandar et al. 2017).  

Before the introduction of coffee and banana 

intercropping in the forest of Perhutani, people of 

Palintang had traditionally planted various bananas in the 

homegardens and gardens. The planting of various bananas 

has been based on TEK embedded in their culture. The 

village internal inputs, including local sapling bananas and 

organic fertilizer have been intensively applied by 

Palintang farmers. The bananas production harvested from 

the homegardens and gardens have been used mainly for 

home consumption. 

For the last decades, because of ecosystem and socio-

economic cultural changes, including conversion of forests 

to agricultural land, development of main road, increasing 

rural population, and intensive penetration of market 

economy system to rural area, the banana cultivation of 

Palintang people has changed. For example, the cultivation 

of bananas has applied not only organic fertilizers but also 

synthetic inorganic fertilizers. The pest management of 

banana trees has also applied synthetic pesticides instead of 

manual methods, including removing caterpillars that 

damaged the banana leaves as practiced in the past. New 

varieties of banana saplings have also been introduced. In 

addition, most of the production of bananas have been sold 

instead of being consumed for fulfilling household need. 

Therefore, the cultivation of bananas in Palintang has 

changed due to changes of ecosystem and socio-economic 

and cultural aspects of rural people of Palintang hamlet.   

In conclusion, the Palintang community has cultivated 

18 varieties of bananas for long time based on their TEK 

embedded in their culture. However, the traditional method 

of banana cultivation which was environmentally friendly 

has been replaced by intensive farming due to the 

ecosystem, socio-economic and cultural changes in the 

community.   
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Abstract. Yanti Y, Warnita, Reflin. 2018. Short Communication: Development of selected PGPR consortium to control Ralstonia syzygii 

subsp. indonesiensis and promote the growth of tomato. Biodiversitas 19: xxxx. A microbial consortium is a group of different species of 

microorganisms and acts as a community. Combinations of biocontrol strains are expected to have a better result to suppress multiple 

plant diseases. Our previous research had selected four plant growth promoting rhizobacteria (PGPR) strains from chili (B. 

pseudomycoides strain NBRC 101232, B. cereus strain CCM 2010, Bacillus toyonensis strain BCT-7112, Serratia nematodiphila strain 

DZ0503SBS1) and three strains from tomato (Bacillus pseudomycoides strain NBRC 101232, Bacillus toyonensis strain BCT-7112, 

Bacillus thuringiensis strain ATCC 10792 ) which had ability to promote growth and control Ralstonia syzygii subsp. indonesiensis 

indigenously. The strains were used in the development of PGPR consortiums to increase their ability for biocontrol agent of Ralstonia 

syzigii subsp. indonesiensis and promoting the growth of tomato. Results showed that not all strains had good compatibility to grow 

together. Ten consortiums were developed based on their compatibilities. All consortiums exhibited the capability to reduce bacterial 

wilt disease development and also promote the growth of tomato. The consortium consisted of Serratia nematodiphila strain 

DZ0503SBS1, B. cereus strain CCM 2010, Bacillus aryabhattai strain B8W22 and Bacillus cereus strain IAM 12605 resulted in the 

best ability to reduce disease development and promote growth and yield of tomato. 

Keywords: Bacillus; interaction compatibility; PGPR consortium; Serratia 

INTRODUCTION  

Bacterial wilt disease caused by Ralstonia syzigii subsp. 

indonesiensis (former name R. solanacearum (Safni et al. 

2014)) causes a considerable amount of damage to tomato 

and many other crops in tropical, subtropical and warm 

temperate regions of the world (Ji et al. 2005). The 

pathogen is widespread and one of the economically 

important bacterial plant pathogens (Horita and Tsuchiya 

2001). Management of bacterial wilt of tomato was 

difficult due to the soil-borne nature of the pathogen. 

Several pesticides had been recommended to be used 

against this pathogen. However, they were not considered 

to be long-term solutions due to the concerns of expense, 

exposure risks, residues, toxicity to non-target organisms 

and other health and environmental hazards. Nowadays, the 

idea of controlling soil-borne plant pathogens with 

chemical pesticides had been shifted to biological control 

options that might play an important role in agriculture.  

Recent studies had been focused on developing eco-

friendly, safe, and effective agents for plant pathogens and 

disease control options (Sundaramoorthy et al. 2012), such 

as Plant Growth Promoting Rhizobacteria (PGPR). The 

used of biofertilizers containing PGPR strains might serve 

as a better alternative and more environmentally friendly 

practice to improve plant growth through the supply of 

plant nutrients and increase of soil productivities 

(Rajasekar and Elango 2011). PGPR had been well known 

as the crops biofertilizer (Karlidag et al. 2007), due to the 

fact that the PGPR strains may promote growth by fixation 

of atmospheric nitrogen, minerals solubilization 

(Karthikeyan et al. 2008), and plant growth regulators 

production (Jaleel et al. 2007). Most of the biocontrol 

agents used single biocontrol agent against a pathogen in 

controlling plant disease. This approach had partially 

reported for its inconsistent performance due to the use of 

single biocontrol agent is not likely to be active in all 

ecosystems it was applied or against all the host pathogens. 

Nowadays, more attention is being concerned with the use 

of mixed strains of PGPR (Raupach and Kloepper 1998; 

Nandakumar et al. 2001b; Canaday 2003). Direct 

interactions that occur among different microbial types 

often result in the promotion of key processes benefiting 

plant growth and health. Syntrophic relationships among 

different microorganisms have been demonstrated in 

several microbial ecosystems. Therefore, the combination 

of microorganism inoculants that interacts synergistically 

was currently being devised, which yield better and quick 

results (Bashan 1998). 

Microbial consortium for plant growth promotion was 

suggested as a strategy to increase the activity and viability 

of the PGPR. Each of the constituent strains of the 

consortium not only outcompetes with the others for 

rhizospheric establishments, but complement functionally 
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for plant growth promotion (Shenoy and Kalagudi 2003). 

Our previous research had selected four PGPR strains from 

tomato (B. pseudomycoides strain NBRC 101232, B. cereus 

strain CCM 2010, Bacillus toyonensis strain BCT-7112, 

Serratia nematodiphila strain DZ0503SBS1), 3 strains 

from potato (Bacillus toyonensis strain BCT-7112, Bacillus 

aryabhattai strain B8W22, Bacillus cereus strain IAM 

12605) and 3 strains from chili pepper (Bacillus 

pseudomycoides strain NBRC 101232, Bacillus toyonensis 

strain BCT-7112, Bacillus thuringiensis strain ATCC 

10792). The strains had the ability to control Ralstonia 

syzigii subsp. indonesiensis indigenously and promote the 

growth of chili (Yanti et al. 2017). Developing suitable 

consortiums are necessary to increase the strains' ability to 

suppress pathogen attack and also promote growth. This 

present study purposed to develop consortiums of 

biocontrol agents to control Ralstonia syzigii subsp. 

indonesiensis and promote the growth of tomato. 

MATERIALS AND METHODS 

Bacteria strain preparation 

All bacteria strains used in this study (Table 1) were 

separately re-cultured in Nutrient Agar (NA) media in 

petri-dish by streaking each of the strains to the agar and 

incubated for 72 h. The pure colony was then used for 

further study. 

Compatibility assay 

All strains were tested for their antagonistic for 

microbial consortium development following the method of 

Kumar et al. (2011). The strains were inoculated in 

Nutrient Broth (NB) and incubated on 110 rpm shaker for 

24 h in room temperature (+ 27oC). Two colonies of two 

different strains were re-suspended with sterile water (107 

CFU/mL) then sprayed to a petri-dish containing NA and 

incubated for 24 h. The presence of the inhibition zone was 

observed for each strain. Each treatment was replicated 

thrice. The PGPR consortia were developed based on the 

compatibility of the strains (Table 2). 

Development of PGPR consortia  

One pure colony of each strain was inoculated into 25 

mL of NB in culture bottle (50 mL) and incubated in rotary 

shaker 110 rpm for 24 hours. Four mL of the culture then 

was transferred to 400 mL of sterile coconut water in 

Erlenmeyer flask for the main culture and incubated for 

2x24 hours (Yanti et al. 2017). Suspension of rhizobacteria 

strains in the coconut water culture was diluted with a 

comparison to McFarland scale 8 (Density estimated 108 

CFU/mL). The consortiums (Table 2) were made by 

mixing the strains with the same volume (50 mL/strain) 

and homogenized. 

PGPR consortium assay on tomato  

Tomato seeds were grown in seed tray for 21 days. The 

seeds were previously dipped in the PGPR consortium for 

15 minutes and then sown in the seed tray containing soil 

and organic manure (2: 1 v/v). The 21-days old tomato 

seedlings were then planted in the polybag containing soil 

and organic manure (2: 1 v/v) with previously introduced 

with the same consortium suspensions by dipping the root 

in the suspension for 15 minutes. All treatments were 

replicated three times, with five plants for each unit. No 

PGPR consortium treatment was applied for control plants. 

Pathogens innoculation 

The Ralstonia syzygii subsp. indonesiensis was isolated 

from infected plants by dipping the stem in sterilized water, 

and the suspension then streaked in triphenyl tetrazolium 

(TZC) agar medium. The isolates were then assayed on two 

weeks old tomato plants to select the most virulence 

pathogens by injecting 1 mL of Ralstonia suspension (108 

CFU/mL) to the tomato plant base stem. The most 

virulence bacteria (the fastest wilt disease development) 

was then re-cultured in TZC agar and used for plant disease 

infection. The pathogen was inoculated on the two weeks 

old plants by root wounding methods described by Yanti et 

al. (2018a). The roots were cut in 2 sides of the plants using 

scissors and poured with 10 mL (108 CFU/mL) of the R. 

syzigii subsp. indonesiensis suspensions. 

 

 
Table 1. The strain used for consortium development  

 

Strain Code 
Source of 

isolates *) 

B. pseudomycoides strain NBRC 101232 C1 Chili plants  

B. cereus strain CCM 2010 C2 

Bacillus toyonensis strain BCT-7112 C3 

Serratia nematodiphila strain DZ0503SBS1 C4 

    
Bacillus toyonensis strain BCT-7112 T1 Tomato 

plants  Bacillus aryabhattai strain B8W22 T2 

Bacillus cereus strain IAM 12605 T3 

Note: *) Yanti et al. (2017) 

 

 
Table 2. PGPR consortia  

 

Code Strain 

C1 S. nematodiphila strain DZ0503SBS1, B. toyonensis 

strain BCT-7112, B. aryabhattai strain B8W22, B. cereus 

strain IAM 12605 

C2 S. nematodiphila strain DZ0503SBS1, B. toyonensis 

strain BCT-7112 

C3 B. aryabhattai strain B8W22, B. cereus strain IAM 12605 

C4 B. Pseudomycoides strain NBRC 101232, B. cereus strain 

CCM 2010, B. toyonensis strain BCT-7112, B. toyonensis 

strain BCT-7112 

C5 B. cereus strain CCM 2010, B. toyonensis strain BCT-

7112, B. toyonensis strain BCT-7112, B. aryabhattai 

strain B8W22 

C6 B. cereus strain CCM 2010, B. toyonensis strain BCT-7112 

C7 B. Pseudomycoides strain NBRC 101232, B. cereus strain 

CCM 2010, B. toyonensis strain BCT-7112,  

C8 B. toyonensis strain BCT-7112, B. aryabhattai strain 

B8W22, S. nematodiphila strain DZ0503SBS1 

C9 B. toyonensis strain BCT-7112, S. nematodiphila strain 

DZ0503SBS1 

C10 B. cereus strain CCM 2010, B. toyonensis strain BCT-7112 
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Data collection 

Parameter observed in this research were disease 

development such as incubation time (observed when the 

first symptoms of bacterial wilt disease appear) and disease 

incidence (total of plant diseased until last observation 

days), and plant growth such as plant height, number of 

leaves, first flowering time and yields at the first harvest. 

Data were analyzed by analysis of variance (ANOVA) 

at 0.05 probability level. The difference between two 

means was analyzed using Least Significance Difference 

(LSD) at 0.05 probability level. All analysis was performed 

using Statistics 8 Software. Effectivity of all treatments 

towards control also calculated using the formula of Sivan 

and Chet (1989).  

RESULTS AND DISCUSSION 

Compatibility among bacterial strains 

All PGPR strains were tested for their compatibility. 

Some of the strains were incompatible showed by the 

inhibition zone indicating that the strains compete for each 

other (Table 3). The absence of inhibition zone suggesting 

that the biocontrol agents were compatible (Fig. 1). All the 

consortiums were further designed based on the 

compatibility of the strains.  

Growth promoting activity of tomato introduced with 

PGPR consortiums 

The tomato plant introduced with consortiums had 

better growth than the control plant, showed from the 

increase of plant height and leaves number (Table 4). All 

consortiums could promote tomato heights ranging from 

26.95 to 105.19% compared to control (Fig. 2). Consortium 

C1 consisted of S. nematodiphila strain DZ0503SBS1, B. 

toyonensis strain BCT-7112, B. aryabhattai strain B8W22, 

B. cereus strain IAM 12605 was the best strains 

combination in increasing plant height and leave number.  

Besides promoting the vegetative phase of the tomato 

plants, the consortia also promoted the generative stage of 

the plants indicated by the strain’s ability in promoting 

flowering time and yields (Table 4). All consortia increased 

the yields differently. C1 (S. nematodiphila strain 

DZ0503SBS1, B. toyonensis strain BCT-7112, B. 

aryabhattai strain B8W22, B. cereus strain IAM 12605) 

was the best consortium to accelerate the flowering time 

and increase yields with an effectivity of 161.9% compared 

to control. 
 

Table 3. Compatibility of PGPR strains 

 

Strain C1 C2 C3 C4 T1 T2 T3 

C1               

C2 √             

C3 √ √           

C4 - - √         

T1 √ √ √ -       

T2 - √ √ √ √     

T3 √ - √ √ - √   

*Note: √= compatible (no inhibition zone appear); - = 

incompatible (inhibition zone appear) 

 

 

 

Table 4. Plant height and number of leaves of tomato introduced 

with PGPR consortia 

 

Consortium 

Height Number of leaves 

(cm) 
Effectivity 

(%) 
(leaves) 

Effectivity 

(%) 

C1 126.4a 105.19 54.4a 177.55 

C2 115b 86.69 44.8b 128.57 

C3 111.4b 80.84 450b 129.59 

C4 99.8c 62.01 37.6c 91.84 

C5 100c 62.34 37.2c 89.8 

C6 86d 39.61 28.8d 46.94 

C7 81.6de 32.47 24.8de 26.53 

C8 82.2de 33.44 24.8de 26.53 

C9 81.6de 32.47 22.8ef 16.33 

C10 78.2e 26.95 22.8ef 16.33 

Control 61.6f  19.6f  

Note: Values followed by the same letters in the same column 

differed insignificantly at 5% probability level according to LSD 

test 

 

 

 

 

 
 

Figure 1. Rhizobacteria compatibility assay, compatible strains (no inhibition zone appear) of B. pseudomycoides strain NBRC 101232 

and B. cereus strain CCM 2010 (left) and incompatible strains (inhibition zone appear) of B. pseudomycoides strain NBRC 101232 and 

B. aryabhattai strain B8W22 (right) 
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 A B C D  

 

Figure 2. Growth comparison of tomato plants introduced by PGPR consortia. A. C1, B. C2, C. C3, and D. control  

 
 

 

Table 4. First flowering time and yields of tomato introduced 

with PGPR consortiums 

 

Consortium 

First flowering time Yields 

(days after 

planting) 

Effectivity  

(%) 
(g) 

Effectivity  

(%) 

C1 21.6f 50.46 260a 161.9 

C2 25.2e 42.2 264a 157.94 

C3 27.2de 37.61 239.6ab 137.7 

C4 27.6de 36.7 215.6bc 113.89 

C5 280d 35.78 198.0cd 96.43 

C6 31.6c 27.52 186.0d 84.52 

C7 41.6ab 4.59 152.2e 50.99 

C8 41.2ab 5.5 152.2e 50.99 

C9 40.4b 7.34 151.4e 50.2 

C10 42.4ab 2.75 155.2e 53.97 

Control 43.6a  100.8f  

Note: Values followed by the same letters in the same column 

differed unsignificantly at 5% probability level according to LSD 

test 

 

 

 

Table 5. Disease development of R. syzygii subsp. indonesiensis 

on tomato introduced with PGPR consortium 

  

Consortium 

Incubation time 

(days after 

inoculation) 

Disease 

incidence 

(%) 

Effectivity 

(%) 

C1 

C3 

C4 

C2 

C6 

C5 

C7 

C10 

C8 

C9 

Control 

42.00* 

42.00* 

42.00* 

42.00* 

42.00* 

42.00* 

41.00 

41.20 

39.60 

37.60 

32.80 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

40.00 

40.00 

40.00 

60.00 

80.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

50.00 

50.00 

50.00 

25.00 

0.00 

Note: *= no symptoms appear until the last day of observations 

 
 

Figure 3. Ralstonia syzigii subsp. indonesiensis disease 

development on tomato treated with C1 consortium (right) and 

control (left)  

 

Biocontrol activity against R. syzigii subsp. indonesiensis 

on tomato introduced with PGPR consortiums 

Besides of having good abilities in promoting growth 

rate, the consortia also had good ability to suppress the 

infection of R. syzygii subsp. indonesiensis on tomato (Fig 

3). Six out of ten consortia had the best ability in 

controlling the bacterial wilt disease, in which no 

symptoms developed on the plants until the last day of 

observations (Table 5). Those consortia were C1, C2, C4, 

C5, and C6.  

Discussion 

Microbial inoculants are promising components for 

integrated solutions to agro-environmental problems 

because inoculants possess the capacity to promote plant 

growth, enhance nutrient availability and uptake, and 

support the health of plants (Adesemoye et al. 2009). Our 

present study had shown that compatible strains developed 
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as consortiums could increase plant growth and have 

biocontrol activity.  

The combinations of PGPR strains consistently reduced 

the bacterial wilt disease of tomato under field conditions. 

The disease incidence varied from 0 to 60% (Table 5). No 

disease symptom was observed in the six consortia (C1, 

C2, C3, C4, C5, and C6) until the last day of observations. 

This showed a better result compared to the previous study 

that used single strain (Yanti et al. 2017). The results 

provide evidence that the compatibility of PGPR strains in 

the consortia effectively suppress disease development of 

R. syzygii subsp. indonesiensis. Combination of biocontrol 

agents is a strategic approach to control plant disease and 

pest (Nandakumar et al. 2001a; Latha et al. 2009). 

Furthermore, interactions among the bacterial strains may 

have synergistic effects that could induce systemically. 

These results could happen due to consortium may also 

improve their efficacy, reliability, and consistency under 

various soil and environmental conditions (Stockwell et al. 

2010).  

Our previous study showed that all the strain could 

inhibit disease development by R. syzigii subsp. 

Indonesiensis bythe increase of defense-related enzyme 

activity such as Phenylalanine ammonia lyase, Polyphenol 

oxidase, and peroxidase produced by the strains (Yanti et 

al. 2017). The inhibition of various plant pathogen and 

disease management by using several biocontrol agents 

through the induction of systemic resistance (ISR) in plants 

had reported in several bibliographies (van Loon and 

Bakker 2005; Saravanakumar et al. 2007). Increased 

activity of ISR induced by consortiums may be due to the 

increased number of strains involved in the treatment and 

moreover due to the cooperation among the strains. 
In this study, the PGPR consortia increased plant height 

and leaf number of tomato (Table 3). The growth 

performances were better compared to the previous study 

using the single strain. This may occur due to the 

synergistic ability of the strains. All the strains used in this 

study can also produce indole acetic acid and some other 

PGPR traits such as solubilize phosphate (Yanti et al., 

2017) that could lead to the plant growth promoting 

activity. Earlier reports had shown that combined 

inoculation of Azospirillum, Azotobacter chrococcum, 

Pseudomonas fluorescens and B. megaterium for sorghum 

was significantly increased grain yield. The stimulatory 

effects of this PGPR strains on the yield and growth of the 

crops were attributed to the N2 fixation ability, plant 

growth regulator production and phosphate solubilizing 

capacity (Cakmakci et al. 2007; Kevinvessey 2003; 

Karlidag et al. 2007; Salantur et al. 2006).  

The consortiums could accelerate flowering and 

increase yields of tomato (Table 4). This effect may relate 

to the growth increase of the tomato. The yields also higher 

compared to the single strain inoculant. The beneficial 

effect of seed inoculation with bacterial consortia on the 

shoot, dry weight, and yield of maize was also reported by 

Shaharoona et al. (2006). Son et al. (2006) also found that 

combination treatment of rhizobacteria strains of 

Bradyrhizobium japonicum and Pseudomonas spp. could 

increase yield of soybean.  

In conclusions, the application of PGPR consortiums 

found to be effective in controlling the bacterial wilt 

disease caused by R. syzygii subsp. indonesiensis. The 

present study clearly indicated that the combination of 

biocontrol agents showed the maximum effects on 

reduction of R. syzygii subsp. indonesiensis disease 

development, compared to individual agents used as the 

previous study suggesting the synergistic effect of 

consortiums against the pathogen. The PGPR combinations 

of C1 (S. nematodiphila strain DZ0503SBS1, B. toyonensis 

strain BCT-7112, B. aryabhattai strain B8W22, B. cereus 

strain IAM 12605), C2 (S. nematodiphila strain 

DZ0503SBS1, B. toyonensis strain BCT-7112), C3 (B. 

aryabhattai strain B8W22, B. cereus strain IAM 12605), 

C4 (B. Pseudomycoides strain NBRC 101232, B. cereus 

strain CCM 2010, B. toyonensis strain BCT-7112, B. 

toyonensis strain BCT-7112), C5 (B. cereus strain CCM 

2010, B. toyonensis strain BCT-7112, B. toyonensis strain 

BCT-7112, B. aryabhattai strain B8W22) and C6 (B. 

cereus strain CCM 2010, B. toyonensis strain BCT-7112) 

were the promising consortia for the management of wilt 

disease and enhance the growth of tomato plants. 
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Abstract. Salamah A, Oktarina R, Ambarwati EA, Putri DF, Dwiranti A, Andayani N. 2018. Chromosome numbers of some Asteraceae 

species from Universitas Indonesia Campus, Depok, Indonesia. Biodiversitas 19: 2079-2087.  Asteraceae is the largest plant family, 

comprising of more than 1,600 genera and 23,000 species with a worldwide distribution. Many species of Asteraceae are found to be 

very significantly abundant in a range of habitats and are used as sources of medicines, food, forage, and other useful products. Many 

cytological studies have been carried out on Asteraceae. However, information about the chromosome numbers of Asteraceae in 

Indonesia is still very limited. In this study, the chromosome numbers of 15 species of Asteraceae found around the Universitas 

Indonesia campus were counted. For chromosomal preparations, the root/shoot tips were pretreated with 2 mM 8-hydroxyquinoline, 

stained with aceto-orcein, prepared using the squash method, and then observed with a microscope. Of the 15 species, 12 showed 

variation in chromosome numbers: Cosmos caudatus, Elephantopus scaber, Tridax procumbens, Mikania micrantha, Sphagneticola 

trilobata, Ageratum conyzoides, Cyanthillium cinereum, Chromolaena odorata, Synedrella nodiflora, Youngia japonica, Eclipta 

prostrata, and Porophyllum ruderale. The other three species showed no variation in chromosome number: Emilia sonchifolia (2n=10), 

Sonchus arvensis (2n=18), and Cosmos sulphureus (2n=24). We also found new variations in chromosome numbers that have not yet 

been listed in the Index to Plant Chromosome Numbers (IPCN). 
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INTRODUCTION 

Asteraceae, or Compositae, is one of the largest and 

most widespread families of flowering plants, containing 

more than 1,600 genera and 23,000 annual and perennial 

herbs, shrubs, vines, trees, and epiphytes. They are found in 

every continent, except Antarctica, and in every 

environment, from forests to high-elevation grasslands. 

Asteraceae are less common in tropical wet forests and 

more common in open areas (Funk 2005). The plants are 

characterized by the arrangement of their flowers into an 

involucrate pseudanthium called head or capitulum (Funk 

2009). This family offers great potential benefits in many 

areas, such as food (Steenis et al. 1997), pharmaceutics 

(Maryati and Suharmiyati 2003), agriculture (Pebriani et al. 

2013), farms, and ecology (Malcolm 2007). These 

significant potential usages, together with the exceptionally 

large number of species, make this family an interesting 

object of research (Kumolo and Utami 2011). Cytological 

studies of this family have accordingly become an area of 

interest for many researchers (Raven et al. 1960; Moore 

and Frankton 1962; Solbrig et al. 1969; Stebbins 1971; 

Strother 1976; Watanabe et al. 1999). Heywood et al. 

(1977) reviewed various tribes of the family. 

Many karyological and cytological studies have been 

carried out on Asteraceae. However, information about the 

chromosome numbers of species grown in Indonesia is still 

very limited. This paper reports the results of chromosome-

counting analysis of these species. The resulting 

information about the chromosome numbers of Asteraceae 

species in Indonesia will provide further insight into the 

taxonomy of Asteraceae and lay the foundations for further 

studies on apomixis in Asteraceae. 

MATERIALS AND METHODS 

Study area  

Plant samples of 15 species of Asteraceae were 

collected from natural habitats around the Universitas 

Indonesia (UI) campus at Depok, Indonesia. Figure 1 

showed the map of sampling locations. 

Procedures 

The analysis of chromosome numbers was conducted at 

the Laboratory of Plant Development at the Department of 

Biology, Faculty of Mathematics and Natural Sciences, 

Universitas Indonesia, the Center of Excellence for 

Indigenous Biological Resources-Genome Studies (CoE 

IBR-GS) FMIPA UI, and the UI-Olympus Bioimaging 

Center (UOBC). In this study, root/shoot tips from 15 

species of Asteraceae, including two to six plants for each 

species, were examined. For chromosomal preparation, the 

root/shoot tips were pretreated with 2 mM 8-hydroxy-

quinoline for 6 hours, fixed in ethanol: acetic acid (3:1, v/v) 

for 24 hours, and preserved in 70% alcohol at 4°C until 
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used. The root/shoot tips were further washed in distilled 

water to remove the fixative solution. They were then 

hydrolyzed for 15 minutes in 1N HCl at room temperature, 

and stained in 2% aceto-orcein for 24 hours at 4°C. Slides 

were prepared using the squash method (Jong 1997).   

The numbers of chromosomes were further observed 

and counted using a microscope trinocular Promo Star at 

CoE IBR-GS FMIPA UI and an Olympus IX73 inverted 

microscope and UPLSAPO 100X lens. The photographs 

were taken with an Olympus DP73 camera with C mount  

adapter 0.5x. Data analysis was performed in the CoE IBR-

GS laboratory and UOBC using Dimension cellSens 

software v1.11.  

Data analysis 

Descriptive analyses were performed based on the 

photographs obtained and processed from that software. 

The data collected were displayed in the form of pictures 

and tables showing the chromosome numbers of the 

Asteraceae species that were successfully counted. 
 

 

 

 

 

 
 

Figure 1. Asteraceae sampling locations in Universitas Indonesia. A. Faculty of Mathematics and Natural Sciences (Cosmos caudatus, 

Ageratum conyzoides, Synedrella nodiflora, Eclipta prostrata, Sonchus arvensis, Cosmos sulphureus, Cosmos caudatus, Elephantopus 

scaber, Sphagneticola trilobata), B. Faculty of Pharmacy (Youngia japonica, Sonchus arvensis, Elephantopus scaber, Tridax 

procumbens, Sphagneticola trilobata), C. Boulevard (Cyanthillium cinereum, Chromolaena odorata, Clibadium surinamense, 

Porophyllum ruderale, Mikania micrantha, Sphagneticola trilobata, Tridax procumbens), D. Health Sciences Cluster (Porophyllum 

ruderale, Tridax procumbens, Eclipta prostata,Cyanthillium cinereum, Emilia sonchifolia, Elephanthopus scaber, Youngia japonica, 

Mikania micrantha, Synedrella nodiflora, Ageratum conyzoides), E. Rotunda (Tridax procumbens, Emilia sonchifolia, Elephantopus 

scaber, Synedrella nodiflora, Ageratum conyzoides, Cyanthillium cinereum), F. Water tower (Cosmos sulphureus, Eclipta prostata, 

Emilia sonchifolia), G. Faculty of Engineering (Chromolaena odorata, Cyanthillium cinereum, Emilia sonchifolia, Synedrella nodiflora, 

Mikania micrantha), H. Wisma Makara: Youngia japonica, Mikania micrantha, Tridax procumbens, Synedrella nodiflora 
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RESULTS AND DISCUSSION 

The data from this experiment are presented in Table 1. 

Of the 15 species, 12 were found to vary in chromosome 

numbers, while the others did not (Table 1). Variation in 

chromosome numbers has previously been reported in 

many groups of Asteraceae (Ruas et al. 2000). In the present 

study, the variation in chromosome numbers occurred not 

only in a given individual plant (as, for example, in Cosmos 

caudatus, Synedrella nodiflora, Cyanthillium cinereum, 

Chromolaena odorata, Elephantopus scaber, Mikania 

micrantha, and Sphagneticola trilobata) but also in different 

individual plants as observed in Ageratum conyzoides. 

According to Kunakh et al. (2008), the condition of cells 

with varying numbers of chromosome found in one tissue 

is called mixoploidy (also known as polysomaty). The 

Asteraceae species plants found to be mixoploid within its 

individual plants were Cosmos caudatus, Elephantopus 

scaber, Tridax procumbens, Mikania micrantha, Sphagneticola 

trilobata, Ageratum conyzoides, Cyanthillium cinereum, 

Chromolaena odorata, Synedrella nodiflora, Youngia 

japonica, Eclipta prostrata, and Porophyllum ruderale. 

Kashin et al. (2011) explained that mixoploidy in 

Asteraceae is related to the phenomenon of apomixis. 

The chromosome numbers of 15 species obtained in 

this experiment were compared to the chromosomal 

number data in the Index to Plant Chromosome Numbers 

(IPCN) (Missouri Botanical Garden 2017) and other 

appropriate reference sources (Table 1). Information about 

the chromosome numbers of Emilia sonchifolia and 

Sonchus arvensis was not found in the IPCN. However, 

Xie and Zheng (2003) reported that E. sonchifolia in China 

have a chromosome number of 2n=20, although Baldwin 

(1964, in Mehra et al. 1965) found a different result 

(2n=10) which is similar to that found in UI campus 

(Figure 2.A). The chromosome number of S. arvensis in the 

Netherlands was 2n=54 (Lemna and Messersmith 1990), 

while that in UI campus was 2n=18 (Figure 2.B). E. 

sonchifolia (n=10) and S. arvensis (2n=18) in the UI 

campus showed no variations in chromosome number.  

Cosmos sulphureus (Figure 2.C) from the UI campus 

showed no variation in chromosome number (2n=24). This 

datum has been reported to the IPCN and is similar to that 

of the same species grown in China (Chen et al. 2003). 

Different with C. sulphureus, Cosmos caudatus (Figure 

2.D) showed that none of the chromosome numbers of the 

species observed (2n=22, 2n=30, 2n=32, 2n=36, 2n=40) 

have so far been reported to the IPCN, which states 2n=24 

and 2n=48 (Jose and Matthew 1995).  

Elephantopus scaber (Figure 2.E) at the UI campus 

showed variation in chromosome number (2n=14, 2n=18, 

2n=20, 2n=22). Of the chromosome number data, only one 

(2n=22) was also found in the IPCN. The chromosome 

number of 2n=22 found in E. scaber was also observed in 

India (Mathew and Mathew 1988). Similar results were 

also found in T. procumbens. The chromosome numbers 

found in T. procumbens (Figure 2.F) in the UI campus were 

n=9, 2n=18, 2n=27, 2n=36, and 2n=45. Only one of those 

chromosome numbers (2n=36) has been registered at the 

IPCN (Jose and Mathew 1995).  

Tridax procumbens from China has been found to have 

a similar chromosome number (Xie and Zheng 2003). The 

somatic chromosome number of Mikania micrantha 

(Figure 2.G) in the IPCN list is 2n=72 (Ruas and Ruas 

1987), while the numbers observed in the present study are 

2n=24 and 2n=32. The two variations in chromosome 

numbers found here have not yet been reported to the 

IPCN.  

According to the IPCN data, Sphagneticola trilobata 

(Figure 3.A) is known to have a chromosome number of 

2n=56 (Ren et al. 2012), while the chromosome numbers of 

the same species obtained from the present study were 

2n=32 and 2n=54. These data are different from those 

found in Asia (2n=56, Ren et al. 2012) and have not yet 

been recorded in the IPCN. The chromosome number of 

Ageratum conyzoides (Figure 3.B) was not found in the 

IPCN. Razaq et al. (1994) found that A. conyzoides in 

Pakistan have a chromosome number of n=10 and 2n=20, 

which has also been found in Nepal (Pushpa et al. 2013). 

Moreover, Morton (1993) and Dey (1979), in Pushpa et al. 

(2013), reported that they observed A. conyzoides with a 

chromosome number of 2n=40. The chromosome numbers 

of A. conyzoides at the UI campus showed different results, 

namely 2n=37. However, we also found A. conyzoides with 

the same chromosome number of that species observed by 

Morton (1993) and Dey (1979) (2n=40).  

Similar to A. conyzoides, the chromosome number of 

Cyanthillium cinereum (Figure 3.C) is not yet found in the 

IPCN. Carr et al. (1999) found that C. cinereum has a 

chromosome number of n=9 but, apart from this, there is a 

lack of information about the chromosome numbers of that 

species. The chromosome numbers of C. cinereum 

observed in this study were n=9 and 2n=16. We also found 

three variations in the chromosome numbers of 

Chromolaena odorata (Figure 3.D) (2n=40, 2n=46, 

2n=60), and only one of them was similar to that reported 

in the IPCN (2n=60). Jose and Mathew (1995) showed that 

C. odorata in India has a chromosome number of 2n=48. 

This means that the C. odorata observed in the present 

study have different chromosome numbers and higher 

variation than the species in India. 

Synedrella nodiflora (Figure 3.E) in the UI campus 

varied in chromosome numbers (2n=32, 2n=34, 2n=36, 

2n=38, 2n=40), and was more varied than that reported by 

Lorence (1995) in Marquesas Island, Hawaii (2n=18, 

2n=32, 2n=36, 2n=38, 2n=40). The number of S. nodiflora 

chromosomes previously reported in the IPCN were 2n=18 

and 2n=36 (Nirmala and Rao 1984), 2n=40 (Xie and Zheng 

2003), and 2n=34, 2n=68 (Jose and Mathew 1995). In the 

present study, we found new variations in the chromosome 

numbers of S. nodiflora that have not yet been reported in 

the IPCN.  

The IPCN data of Youngia japonica (Figure 4.A) 

chromosome number reported by Nishikawa (1984) in 

Japan is in agreement with the chromosome number 

reported by Pak (1991) in Korea, which is 2n=16. The 

chromosome number of Y. japonica found in UI campus 

were 2n=14, 2n=18, and 2n=26. These three variations of 

chromosome numbers have not been indexed in IPCN. 

Similar results were also gained from the analysis of 
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Eclipta prostrata chromosome number (Figure 4.B). The 

IPCN data shows that the chromosome number of this 

species is 2n=22 as reported by Datta and Saha in Bengal. 

Another study by Renard et al. (1983) showed that the 

chromosome number of E. prostrata is 2n=18. According 

to the data obtained from this study, those two numbers 

(2n=18 and 2n=22) were also found in the same species at 

UI campus. 

Another high variation of chromosome numbers found 

in UI campus belongs to Porophyllum ruderale (Figure 

4.C) which ranged from 2n=28, 2n=32, 2n=33, 2n=36, to 

2n=40. None of these chromosome numbers has been 

reported before. Molero et al. (2002) found different 

chromosome number of P. ruderale in Paraguay, namely 

2n=44. 

 

 
 

Table 1. Chromosome Numbers of Asteraceae Species collected in the Universitas Indonesia campus, Depok, West Java, Indonesia 

 

Species 
Chromosome number 

Location Reference 
Experiment result Previous counts, if any 

Emilia sonchifolia  n=x=10 2n=20 China Xie and Zheng (2003) 

2n=10 America Baldwin (1964, in Mehra et al. 1965) 

Sonchus arvensis 2n=2x=18 2n=54 Netherlands Lemna and Messermith (1990) 

Cosmos sulphureus 2n =2x=24 n=12 India Kumari and Sidu (2012) 

n=12 Colombia Olsen (1980) (IPCN) 

2n=24 China Chen et al. (2003) (IPCN) 

Cosmos caudatus  

 

2n=2x+2=22*, 

2n=3x=30*, 

2n=3x+2=32*, 

2n=3x+6=36*  

2n=4x=40* 

n=24, 2n=48 India Jose and Matthew (1995) (IPCN) 

Elephantopus scaber  2n=2x−4=14*, 

2n=2x=18*, 

2n=2x+2=20*, 

2n=2x+4=22 

2n=22, n=11 India Mathew and Mathew (1988) (IPCN) 

n=22 America Jones (1979) (IPCN) 

Tridax procumbens  n=x=9*, 2n=2x=18, 

2n=3x=27*, 2n=4x=36, 

2n=5x=45* 

2n=36 China Xie and Zheng (2003) 

n=18, 2n=36 South India Jose and Mathew (1995) (IPCN) 

Mikania micrantha 2n=x+6=24* 

2n=2x-4=32* 

n=18 Colombia Jansen et al. (1984) (IPCN) 

n=17, n=19, n=ca.19 Ecuador King et al. (1976) (IPCN) 

2n=36, 42 Brazil Maffei et al. (1999) 

2n=72 Brazil Ruas and Ruas (1987) (IPCN) 

Sphagneticola trilobata 2n=2x+4=32*,  

2n=4x−2=54* 

2n=56 Asia Ren et al. (2012)  

Ageratum conyzoides  2n=4x−3=37*, 

2n=4x=40 

n=10 Pakistan Razaq et al. (1994) 

2n=20 Nepal Pushpa et al. (2013) 

2n=40 Cameroon 

Mountain 

Morton (1993) and Dey (1979) in 

Pushpa et al. (2013) 

Cyanthillium cinereum n=x=9, 2n=2x−2=16* n=9 America Carr et al. (1999) 

Chromolaena odorata  2n=4x=40*, 2n=5x-

4=46*, 2n=6x=60 

2n=48 India Jose and Matthew (1995)  

n=30 Nigeria Gill and Omoigui (1992) (IPCN) 

2n=60 China Feng (2006) (IPCN) 

Synedrella nodiflora  2n=3x+2=32, 

2n=3x+4=34*, 2n=4x-

4=36, 2n=4x-2=38*, 

2n=4x=40 

2n=18, 32, 36, 38, 40 Marquesas 

Archipelago

Hawaii 

Lorence (1995) 

 

2n=18, 36 Ural 

Mountains 

Nirmala and Rao (1984) (IPCN) 

2n=40 China Xie and Zheng (2003) (IPCN) 

2n=34,68 South India Jose and Mathew (1995) (IPCN) 

n=19 Nigeria Gill and Omoigui (1992) (IPCN) 

Youngia japonica 2n=2x-4=14*,  

2n=2x=18*,  

2n=3x-1=26*,  

2n = 16 Japan, 

Korea 

Nishikawa (1984), Pak (1991) 

Eclipta prostrata 2n=2x=18,  

2n=2x+4=22 

 

2n=22  Bengal,  Datta and Saha (1971) 

2n=18 Kenya Renard et al (1983) 

Porophyllum ruderale 2n=3x-2=28*, 

2n=3x+2=32*,  

2n=3x+3=33*, 2n=4x-

4=36*,  

2n=4x=40* 

2n=44 Paraguay Molero et al (2002) 

Note: * The chromosome number data were not found in the IPCN (Index to Plant Chromosome Numbers) 
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Data in Table 1 clearly show that the variation in 

chromosome numbers of 12 species of Asteraceae is 

relatively high. Chromosome number of those 12 species 

listed in IPCN could be found in UI campus. Besides, other 

numbers also appeared. One of the probable mechanisms 

explaining this variation is the occurrence of euploidy and 

aneuploidy. According to Kashin et al. (2011), alterations 

in ploidy levels, such as aneuploidy and mixoploidy, are 

commonly found in the apical meristem cells of Asteraceae  

 

of apomictic type. The variation in ploidy levels indicates 

that some Asteraceae species are able to reproduce 

sexually, while others reproduce by facultative apomixis. 

The sexually reproductive plants may generate diploid 

cells, while the facultative apomixis types generate more 

varied ploidy, such as haploid, aneuploid, and euploid cells. 

The connection between aneuploidy and apomixis is due to 

the inability of aneuploid plants to produce fertile pollen, 

which leads them to develop a mechanism of apomixis. 

 
 

 

 

 

 

 

 

 

 
 

Figure 2. Chromosome number of A. Emilia sonchifolia 2n=10 B. Sonchus arvensis 2n=18 C. Cosmos sulphureus 2n=24 D. Cosmos 

caudatus D1. 2n=22 D2. 2n=30 D3. 2n=32 D4. 2n=36 D5. 2n=40 E. Elephantopus scaber E1. 2n=14 E2. 2n=18 E3. 2n=20 E4. 2n=22 

F. Tridax procumbens F1. n=9 F2. 2n=18 F3. 2n=27 F4. 2n=36 F5. 2n=45 G. Mikania micrantha G1. 2n=24 G2. 2n=32  

E1 E2 E3 E4 

F1 F2 F3 F4 

A B C D1 

D2 D3 D4 D5 

F5 G1 G2 
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Apomixis is a method of embryo development that does 

not involve fertilization between ovum and pollen 

(Stebbins 1950). In some cases, pollen is still needed to 

fertilize the polar nucleus and establish endosperm. This 

kind of apomixis is known as pseudogamy apomixis. In 

other cases, such as autonomous apomixis (Richards 1986), 

the presence of pollen is not at all necessary for seed 

formation. Autonomous apomictic organisms tend to 

produce pollen with lower viability or even sterile pollen 

(Meirmans et al. 2006, Thompson and Whitton 2006, 

Thompson et al. 2008). The sterile pollen is formed by 

disturbances during meiotic division in aneuploid 

microspore mother cells. Apomixis is an asexual process in 

flowering plants which results in seeds that are of the same 

genotype as that of the female parent. It is achieved 

through processes that occur in the ovule and lead to the 

avoidance of meiosis, fertilization-independent embryo 

development and autonomous development of the  

endosperm. In gametophytic apomixis, the maternal 

progeny is the product of an apomictical development of 

unreduced megagametophytes that differentiate either from 

a megaspore mother cell which failed to enter meiosis 

(diplospory) or a somatic nucellar cell which begins 

gametogenesis in the absence of sporogenesis (apospory). 

Endosperm development in gametophytic apomixes may 

follow pseudogamy or autonomous endosperm formation. 

Apomixis Gametophytic apomicts, irrespective of the 

mechanism used, are almost invariably polyploids, 

including mixoploid (Asker and Jerling 1992; Savidan 

2000; Kantartzi and Roupakias 2010).  
In the case of fertilization occurring between aneuploid 

gametes, or between diploid and aneuploid gametes, the 

resulting embryo is also very likely to be aneuploid. 

Aneuploid embryos grow and develop into plants that are 

also aneuploid, as are their sporogenous tissues. 

Nonetheless,  problems  arise in the pollen from aneuploid  

 

 

 

 

 

 

  
 

 
 

Figure 3. Chromosome number of A. Sphagneticola trilobata A1. 2n=32 A2. 2n=54, B. Ageratum conyzoides B1. 2n=37 B2. 2n=40, C. 

Cyanthillium cinereum C1. n=9 C2. 2n=16, D. Chromolaena odorata D1. 2n=40 D2. 2n=46 D3. 2n=60, E. Synedrella nodiflora E1. 

2n=32 E2. 2n=34 E3. 2n=36 E4. 2n=38 E5. 2n=40 

D3 E1 E2 

E3 E4 E5 

A1 A2 B1 B2 

C1 C2 D1 D2 
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Figure 4. Chromosome number of A. Youngia japonica A1. 2n=14 A2. 2n=18 A3. 2n=26, B. Eclipta prostrata B1. 2n=18 B2. 2n=22, 

C. Porophyllum ruderale C1. 2n=28 C2. 2n=32 C3. 2n=33 C4. 2n=36 C5. 2n=40 

  

 

 

 

sporogenous tissue. Aneuploid mother cells in sporogenous 

tissue suffer genomic instability, which can lead to the 

failure of the chromosome pairing process during prophase 

I of meiotic cell division. This situation interferes with the 

formation of pollen and leads to the formation of sterile 

pollen. The formation of sterile pollen in Asteraceae is 

most likely caused by an anomaly in spindle threads of 

microspore mother cells as discussed by Kashin et all 

(2011) in their research on the formation of sterile pollen in 

Pilosella officinarum, which is known as an example of 

Asteraceae experiencing autonomous facultative apomixis. 

The anomaly is a secondary effect of chromosomal failure 

in pairing and anomaly in prophase I (Kashin et al. 2011). 

The formation of sterile pollen (in other words, the 

inability to produce fertile pollen) means that the 

reproductive process cannot proceed. This allows the plant 

to develop an alternative mechanism of adaptation to 

reproduce and produce offspring. Apomixis is one such 

alternative. By that mechanism, a process of reproduction 

forms an embryo in the absence of fertile pollen formation. 

The formation of aneuploidy in some plants can, therefore, 

be used as an indicator that the apomictic mechanism is 

present in the plant. More research is, however, required to 

determine the development of the microsporogenesis 

spores on the plants.  

The evidence that apomixis is associated with 

mixoploidy have been reported in many plants (Hu et al. 

1991; Mártonfi et al. 1996; Hojsgaard et al. 2008). In 

hemigamy, the nuclei of egg and sperm do not fuse but 

start independent mitotic divisions. The process was 

observed mostly in unreduced egg cells of apomictic 

plants. Hemigamic embryos may contain cells with nuclei 

of paternal and maternal origin separated or a mixoploid 

embryo is for cells of various eu-and aneuploid levels after 

fusion of mitotic groups of chromosomes or spindles in 

dividing binucleate cells (Bhojwani and Soh 2001). 

Hu et al. (1991) assumed that the chromosomal 

instability contributed to the apomixis. Furthermore, 

environmental factors have also been reported to play 

significant roles in this chromosomal instability, and ploidy 

changed (Storme and Mason 2014). These factors may 

account for a great variety of the chromosome numbers of 

the same species investigated in this study. The 

chromosome number data is of great importance as the 

basic data for further chromosome analysis, such as the 

relationship between chromosome numbers with the great 

variety of Asteraceae. Further analysis such as karyotyping, 

Fluorescence In Situ Hybridization (FISH), and molecular 

markers will be beneficial to broaden the information 

gained from chromosome studies. To date, some karyotype 

C2 C3 C4 

A1 A2 A3 

B1 B2 C1 

C5 
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data of Asteraceae have been reported, for example, the 

karyotypes of Barnadesia and Dasyphyllum which are 

unimodal; Mutisia campanulata and Trichocline 

catharinensis which have one pair of the large chromosome 

(Watanabe et al. 2007). Furthermore, by using FISH, the 

distributional pattern of AT-and GC-rich regions, as well as 

the physical mapping of rDNA of Artemisia, have been 

reported (Torrell et al. 2003). Another karyotype analysis 

and FISH has been conducted on Lactuca spp. (Matoba et 

al. 2007). 
More recently, the detailed GC-rich bands and rDNA 

loci of Tanacetum genomes were also disclosed (Olanj et 

al. 2015). However, there has been no report on 

karyotyping of the Asteraceae found in Indonesia. Thus, 

chromosome preparation, optimization and chromosome 

counting were performed in this study which may lead to 

further analysis in the near future. In conclusion, the 

chromosome numbers of 15 species of Asteraceae in the UI 

campus were successfully determined. Further work 

including karyotyping and FISH analysis is necessary to 

obtain more comprehensive information on the 

chromosome of Asteraceae found in UI campus. 
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Abstract. Karyati, Sarminah S, Karmini, Simangunsong G, Tamba J. 2018. The mixed cropping of Anthocephalus cadamba and Glycine 

max for rehabilitating sloping lands. Biodiversitas 19: 2088-2095. Agroforestry system is one of the many alternatives to overcome 

problems concerning sloping lands. The objectives of this current study were to analyze the effect of agroforestry system in the form of 

mixed cropping of jabon tree (Anthocephalus cadamba Mig) and soybean (Glycine max Merr) on growth and hydro-orological aspects 

on sloping lands with different steepness (a slightly steep and a steep slope gradient). The growth parameters (survival rate, ground 

coverage, diameter increment, and height increment) and hydro-orological parameters (surface runoff, potential erosion, erosion hazard 

index, and erosion hazard level) were observed in this study. The findings showed that on the slightly steep slope (>15-25%) land, the 

survival rate of A. cadamba was 90%, the ground coverage of the G. max was 70-79%, the diameter and the height increments of A. 

cadamba trees were 1.8 cm year-1 and 13.8 cm year-1 respectively. Meanwhile, the potential erosion rate and the erosion hazard index 

were 32.13 ton ha-1 year-1 and 1.29, respectively. In the steeper slope (>25-45%), the survival rate of A. cadamba reached 90%, the G. 

max ground cover reached 60-69%, the diameter and height increments of the A. cadamba reached 1.5 cm year-1 and 12.0 cm year-1 

respectively. Furthermore, in the steep slope, the potential erosion rate was 52.51 ton ha-1 year-1 and the erosion hazard index was 2.10. 

In addition, the potential erosion rate and the erosion hazard index in the control plot were higher than those in slightly steep slope. 

Therefore, it could be implied that the application of A. cadamba and G. max mixed cropping system could rehabilitate sloping lands.  

Keywords: Erosion, growth, rehabilitation, slope, soil conservation  

INTRODUCTION 

The total area of degraded lands in Indonesia is 

approximately 78 million ha, which consists of the slightly 

degraded area of 48 million ha, degraded area of 23 million 

ha, and highly degraded area of 7 million ha (ADB 2016). 

These degraded areas have existed due to biophysical, 

social, economic, and cultural factors (Matatula 2009). 

Therefore, the implementation of conservation agricultural 

system can be considered as an alternative to suppress land 

degradation (Daswir 2010). The agriculture practices have 

been proven capable of overcoming land degradation 

because these activities can reduce the loss of productive 

soil and suppress the erosion as well as increase the 

farming productivity and the farmer’s income (Syam 

2003). The combination of agricultural crops and forest 

trees in agroforestry system can optimize the use of land 

for agricultural production (Alao & Shuaibu 2013).  

The cultivation technique in the marginal and sloping 

lands should focus on the integrated environmental factors 

(Budiastuti 2013). For instance, a plant species that has a 

suitable tolerance can grow well in a degraded land 

including some types of marginal land (Juhaeti et al. 2005). 

Furthermore, the soil conservation using a combination of 

upland rice with soybean sequence and Mucuna bracteata 

strip is found effective to reduce the runoff and to prevent 

the soil erosion and nutrient loss (Fuady et al. 2014). The 

choice of the right plant species is needed for the land 

rehabilitation and the water and soil conservation program 

(Sarminah 2014). Plants such as the legumes may serve as 

an alternative intercropping plant among annual crops that 

could be the pioneer crops planted in degraded land 

rehabilitation (Idjudin 2011). The various plant species of 

leguminous vegetables, annual crops, and forest crops can 

grow well in degraded lands as alternative plants in the 

agroforestry system. These plant species can adapt to climate 

elements with 600-2500 mm year-1 rainfall, 18-35°C 

temperature, and 50-85% relative humidity (Karyati 2008).  

The rehabilitation and soil conservation using 

agroforestry system in the form of sengon (Falcataria 

moluccana) and peanut (Arachis hypogaea) mixed 

cropping are effective in suppressing erosion rate to a low 

erosion hazard (Sarminah et al. 2018). The production of 

soybean (Glycine max Merr), which is a shade tolerant in 

the agroforestry system of G. max and Paraserianthes 

falcataria (4 years of age), has been found to be lower than 

G. max without shading (Hartoyo et al. 2014). The use of 

G. max as an intercropping plant in the agroforestry system 

of jabon (Anthocephalus cadamba Mig) and G. max, in the 

first year in the first cropping season would require a total 

cost of IDR 11,019,000.00 ha-1cropping season (cp)-1, and 

result in the total revenue of IDR 3,500,000.00 ha-1cp-1 as 

well as the profit of IDR 7,519,000.00 ha-1cp-1, respectively 

(Karmini et al. 2017). 
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The agroforestry system as an alternative program may 

be implemented to rehabilitate sloping lands. In addition to 

providing economic benefit, the agricultural plant is 

expected to be able to cover the ground in the early years. 

Moreover, the forestry plant would be planted for soil and 

water conservation in long term program. Therefore, the 

objectives of this study were to implement the agroforestry 

system in the form of A. cadamba and G. max mixed 

cropping on sloping lands with different steepness (a 

slightly steep and a steep slope gradient) and to analyze the 

effect of that particular system on growth and hydro-

orological aspects of the land. 

MATERIALS AND METHODS 

Study area 

This study was carried out from March to October 2017 

at a sloping land located in the Educational Forest of 

Mulawarman University Faculty of Forestry. The 

Educational Forest covers an area of 300 ha and is 

administratively situated in Tanah Merah Village, North  

Samarinda District, Samarinda Municipality, East 

Kalimantan Province (KRUS 2013; KRUS 2014). The 

geographic locations of this site is 0°25'10''-0°25'24'' South 

Latitude and 117°14'00''-117°14'14'' East Longitude. The 

study plot was located between the Samarinda-Bontang 

Highways between Kilometers 10 and 13. The map of the 

study area is shown in Figure 1. 

During the last seven years, this study area has been 

observed to have an average of 211.5 mm monthly rainfall, 

27.4°C of monthly temperature, 82.2% of monthly relative 

humidity, and 41.8 hours of average irradiation (Karyati 

2015). The daily temperature and relative humidity inside 

the forest range from 23.7°C-30.9°C and 81.4%-99.3% 

respectively. While, outside the forest, the daily 

temperature is 25.9°C-28.8°C and the relative humidity is 

76.0%-90.0%. The daily average light intensity ranges 

from 1.08 µmol to 18.41 µmol (Karyati & Ardianto 2016). 

Furthermore, the climate of Samarinda Municipality is 

categorized as type A climate based on Schmidt-Ferguson 

classification system (1951), with a quotient (Q) of 0.048, 

which is considered as a very humid area with a tropical 

rainforest vegetation (Karyati et al. 2016). 

 

 
 

 

 
 

 

 

 
 

Figure 1. Location of study site in Education Forest of Forestry Faculty of Mulawarman University at East Kalimantan, Indonesia 
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The Mulawarman University Educational Forest is 

located about 50 m above sea level in a lowland tropical 

rainforest. The original vegetation was natural forest 

dominated by Dipterocarpaceae. After the forest fire 

incidents in 1983, 1993, and 1998, the forest land turned 

into early secondary forest. Nowadays, the forest is in the 

late secondary forest stage and is on its way towards the 

climax state. The plant species of ulin (Eusideroxylon 

zwageri), puspa (Schima wallichii), medang (Litsea spp.), 

and meranti (Shorea spp.) are predominantly found in the 

forest. In addition, animals of invertebrates (protozoa, 

annelids, mollusks, crustaceans, insects, and arachnoids) 

and vertebrates (fishes, frogs, birds, reptiles, and mammals) 

are also found in this area (KRUS 2013; KRUS 2014).  

Procedures 

Two experimental plots of 10 m × 10 m were 

established in two different slope classes in the Educational 

Forest area, namely a slightly steep slope (>15-25%) and a 

steep slope (>25-45%). A. cadamba and G. max were 

grown on both plots. A. cadamba trees was six months old. 

A. cadamba trees were planted with a spacing of 3 m × 3 m 

whereas G. max was planted between A. cadamba trees as 

the groundcover legumes. The plant growth parameters 

(healthy plant, survival rate, and ground coverage) were 

measured at the end of assessment. The criteria of these 

parameters were formulated based on Regulation of 

Ministry of Forestry Republic of Indonesia Number: 

P.60/Menhut-II/2009. The diameter and height of A. 

cadamba were measured every month for 4 months.  

Three erosion measurement plots of 10 m × 3 m were 

established on the two experimental plots and the control 

plot. The control plot was established on a moderate slope 

(>8-15%) without plantation. Furthermore, the hydro-

orological parameters measurements were conducted for 35 

times of rain events and the hydro-orological data were 

collected from May to September 2017 in the two different 

slopes as well as the control plot. Plant maintenance, such 

as watering, weeding, fertilization, and pest and plant 

diseases control, was performed regularly. The harvesting 

was only done for G. max whereas there was no harvesting 

done for the A. cadamba trees. 

Data analyses 

Soil properties 

To obtain the soil profile description, a soil pit with the 

depth of 1.5 m was dug at the center of the study plot. Soil 

profile descriptions were done by adopting the standard 

procedures from the International Soil Science Society/ 

ISSS (NRCS 2002). Using these procedures, the 

characteristics of the soils from the topsoil through the 

bottom of profile were observed. Some of the 

characteristics, such as depth and field texture, were 

described. The analyses of soil physicochemical properties 

(pH (H2O), pH (KCl), C organic, total N, P, K, and soil 

texture) were done at the Laboratory of Soil Science, 

Tropical Forest Research Center, Mulawarman University. 

The soil pH was determined in distilled water and 1 N KCl 

in a soil with a solution ratio of 1:2.5 using the glass 

electrode method. The total nitrogen (total N) was analyzed 

using Kjeldahl method whereas Soil P and K were 

analyzed using the Bray 1 method. 

Erosion hazard index 

The observation and measurement of growth 

parameters were done at the end of every month for four 

months. The observation was conducted for both A. 

cadamba and G. max. A. cadamba’s survival rate, G. max’s 

ground coverage, and the diameter and height of A. 

cadamba tree were observed as well. In addition, hydro-

orological parameters of surface runoff, potential soil 

erosion rate, erosion hazard index, and erosion hazard level 

were also measured in this study (Hammer 1981). The 

classification of erosion hazard index and erosion hazard 

level can be seen from Tables 1 and 2, while the erosion 

hazard index was determined using the following equation 

(Hammer 1981): 

 

Erosion hazard index =  
Potential erosion rate (ton ha−1 year−1)

Tolerable erosion rate (ton  ha−1 year−1)
 

RESULTS AND DISCUSSION 

Growth aspects 

In general, A. cadamba and G. max grew well in 

different slope, as indicated by the parameters of plant 

performance. For instance, it was observed that during the 

first three weeks, the G. max almost grew evenly in the two 

experimental plots. The plant growth parameters of A. 

cadamba and G. max are summarized in Table 3. 
 

Table 1. Erosion hazard index categories (Hammer 1981) 

 

Erosion hazard index  Category 

< 1.00 Low  

1,01-4,00  Moderate 

4,01-10,00  High 

> 10,01  Very high  

 

 

Table 2. Erosion hazard level classification 
 

Soil column (cm) 
Erosion rate (ton ha-1year-1) 

<15 15-<60 60-<180 180-480 >480 

Deep (>90) Very low Low Moderate High Very high 

Intermediate (60-90) Low Moderate High Very high Very high 

Shallow (30-<60) Moderate High Very high Very high Very high 

Very shallow (<30) High Very high Very high Very high Very high 

Source: Regulation of Directorate General of Watershed Management and Social Forestry, Ministry of Forestry Republic of Indonesia (2013) 
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Table 3. The plant growth parameters of A. cadamba and G. max agroforestry system on the two different slope conditions. 

 

Plant species 

Slightly steep slope (>15-25%) Steep slope (>25-45%) 

Healthy 

plant (%) 

Survival 

rate (%) 

Ground 

coverage (%) 

Yield 

(kg ha-1) 

Healthy plant 

(%) 

Survival 

rate (%) 

Ground 

coverage (%) 

Yield 

(kg ha-1) 

A. cadamba 90  

(Very good) 

90  

(Very good) 

- - 90 

(Very good) 

90  

(Very good) 

- - 

G. max 80-89 

(Good) 

- 70-79 

(Moderate) 

525 70-79 

(Moderate) 

- 60-69  

(Low) 

485 

 
 

Table 4. The soybean yield (ton ha-1) of monoculture and agroforestry systems 

 

Plantation system 
Glycine max 

yield 
Location Researcher (year) 

A 50-cm row width in full season soybean cropping 

A 30-cm row width in double-cropped soybean 

4,142.5 kg ha-1 

3,241.5 kg ha-1 

Research Farm of Mustafa Kemal 

University, Hatay, Turkey 

Caliskan et al. (2007) 

Monoculture system of G. max  

 

509-642 kg ha-1 Saboba and Chereponi Districts, 

Northern Region of Ghana 

Dogbe et al. (2013) 

Monoculture system of G. max 1,000 kg ha-1 Benin Zoundji et al. (2015) 

Agroforestry system of Melia azedarach and G. max 

Variety of Argomulyo 

Variety of Anjasmoro 

Variety of Grobogan 

Variety of Wilis 

 

720 kg ha-1 

1,150 kg ha-1 

640 kg ha-1 

560 kg ha-1 

Experimental Garden Cikabayan, 

Kampus IPB, Dramaga, Bogor 

 

Jauhari et al. (2016) 

Non-agroforestry 

Variety of Argomulyo 

Variety of Anjasmoro 

Variety of Grobogan 

Variety of Wilis 

 

620kg ha-1 

900 kg ha-1 

420 kg ha-1 

350 kg ha-1 

  

Agroforestry system of A. cadamba and G. max 500 kg ha-1 Samarinda, East Kalimantan, 

Indonesia 

Karmini et al. (2017) 

The average productivity of G. max in 2015 1604 kg ha-1 

1568 kg ha-1 

East Kalimantan Province 

Indonesia 

Statistics of Indonesia 

(2017) 

Agroforestry system of A. cadamba and G. max 

Slightly steep slope (>15-25%) 

Steep slope (>25-45%) 

 

525 kg ha-1 

485 kg ha-1 

Educational Forest of Forestry 

Faculty, Mulawarman University, 

Samarinda, East Kalimantan, 

Indonesia 

This study 

 

 
Based on the observation, it was found that the number 

of healthy plants and the survival rate of A. cadamba on 

both plots could be classified into a “very good” (90%) 

category. In particular, the number of healthy plants and 

the ground coverage of G. max in the slightly steep slope 

was higher than those in steep slopes. Furthermore, the 

measurement for the yield also showed a similar trend of 

findings.  
The average of G. max yield in the study site was 

similar to the findings of the previous studies in 

monoculture system (Dogbe et al. 2013) and agroforestry 

system (Jauhari et al. 2016; Karmini et al. 2017). This 

result was lower than those reported by Caliskan et al. 

(2007), Zoundji et al. (2015), as well as the average 

national yield (Statistics of Indonesia, 2017). Moreover, 

Jauhari et al. (2016) also reported that the yield of four G. 

max varieties planted in agroforestry system with mindi 

(Melia azedarach Linn) was higher than that in the non-

agroforestry system. The G. max yields of monoculture and 

agroforestry system are presented in Table 4. 

Tables 5 and 6 illustrate the monthly diameter and 

height increments of A. cadamba trees that were monitored 

for four months. A. cadamba trees on the slightly steep 

slope showed faster growth in terms of diameter and height 

increment than those on the steeper slope. The average 

stem diameter increments of A. cadamba were 1.8 cm year-

1 and 1.5 cm year-1 on the less steep and steep slopes 

respectively. Meanwhile, the average height increments of 

A. cadamba trees on the slightly steep and the steep slopes 

were 13.8 cm year-1 and 12.0 cm year-1 respectively.  

The average diameter increment of A. cadamba in A. 

cadamba and G. max agroforestry system was higher than 

reported by Krisnawati et al. (2011). Krisnawati et al. 

(2011) reported that the diameter and height of A. cadamba 

in Java were 1.2-11.6 cm year-1 and 0.8-7.9 m year-1, while 

the growth of those in South Kalimantan was 1.2-4.8 cm 

year-1 and 0.8-3.7 m year-1 respectively. Similarly, the 

diameter increment of A. cadamba in this study was higher 

than the predominant trees in a secondary tropical forest, 

i.e., 0.75-0.86 cm year-1 (Karyati et al. 2017). The observation  
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Table 5. Anthocephalus cadamba stem diameter increments (mm) 

on the two different slopes 

 

Tree 

no. 

Slightly steep slope  

(>15-25%) 

 Steep slope  

(>25-45%) 

D0 d1 d2 d3 d4  D0 d1 d2 d3 d4 

1 1.02 2.26 3.38 4.58 6.10  1.02 2.26 3.15 4.10 4.80 

2 1.02 2.50 3.41 4.30 5.50  1.02 2.50 3.34 4.10 4.90 

3 1.02 2.68 3.52 4.70 6.20  1.03 2.28 3.12 3.90 4.50 

4 1.08 2.04 3.18 4.51 5.85  1.08 2.04 3.00 4.03 4.70 

5 1.09 2.25 3.47 4.57 5.90  1.06 2.25 3.36 4.15 5.00 

6 1.09 2.18 3.14 4.40 5.60  1.09 2.18 3.05 4.10 4.80 

7 1.00 2.08 3.16 4.54 5.76  1.00 2.08 3.00 3.90 4.60 

8 1.01 2.49 3.43 4.61 6.30  1.01 2.49 3.03 4.15 5.05 

9 1.11 2.01 3.26 4.50 5.76  1.09 2.01 3.15 4.20 5.15 

10 1.02 2.19 3.16 4.30 5.65  1.02 2.19 3.16 4.20 5.10 

11 1.06 2.32 3.38 4.44 5.75  1.06 2.32 3.25 4.24 5.10 

12 1.09 2.24 3.42 4.71 6.40  1.09 2.24 3.20 4.10 5.00 

13 1.09 2.38 3.39 4.56 5.84  1.10 2.18 3.00 4.00 4.70 

14 1.03 2.29 3.20 4.37 5.60  1.02 2.29 3.10 4.15 4.80 

15 1.02 2.21 3.30 4.47 5.74  1.02 2.21 3.10 4.00 4.60 

16 1.02 2.17 3.27 4.28 5.58  1.04 2.17 3.00 4.00 4.70 

Mean 1.05 2.27 3.32 4.49 5.85  1.05 2.23 3.13 4.08 4.84 

SD 0.40 0.18 0.12 0.13 0.27  0.08 0.14 0.12 0.10 0.20 

             
Annual diameter 
increment 

17.5 mm year-1  
=1.8 cm year-1 

 Annual diameter 
increment 

14.5 mm year-1 

=1.5 cm year-1 

Note: D0 = initial stem diameter (diameter measurement at the 

beginning of experiment); d1,d2, d3, d4 = diameter increments at 

the end of the first, second, third, and fourth month after planting; 

SD=Standard Deviation 

 

Table 6. Anthocephalus cadamba height increments (cm) on the 

two different slopes 

 

Tree  

no. 

Slightly steep slope  

(>15-25%) 

 Steep slope  

(>25-45%) 

H0 h1 h2 h3 h4  H0 h1 h2 h3 h4 

1 52 20 28 36 44  50 17 26 30 37 

2 52 21 28 35 43  51 19 26 31 39 

3 50 17 23 31 40  50 18 25 31 38 

4 55 23 32 40 48  54 22 29 35 43 

5 54 22 30 38 46  53 20 27 33 42 

6 54 21 30 39 45  52 19 25 32 40 

7 55 22 31 39 45  54 22 28 34 42 

8 55 21 31 40 46  53 21 28 35 41 

9 56 23 33 41 49  55 23 30 35 42 

10 53 21 32 40 47  52 21 29 34 40 

11 52 20 28 35 43  52 20 26 32 39 

12 53 20 29 36 45  54 22 28 34 41 

13 54 22 31 38 47  51 20 27 32 39 

14 52 20 27 35 44  54 23 29 35 41 

15 56 24 33 41 50  53 21 28 33 40 

16 56 24 32 42 50  52 18 24 30 37 

Mean 54 21 30 38 46  53 20 27 33 40 

SD 1.78 1.78 2.63 2.96 2.72  1.51 1.82 1.72 1.78 1.81 

             
Annual height 

increment 

138.0 mm year-1  

=13.8 cm year-1 

 Annual height 

increment 

120.0 mm year-1 

=12.0 cm year-1 

Note: H0 = initial tree height (height measurement at the 

beginning of experiment); h1, h2, h3, h4 = height increments at the 

end of the first, second, third, and fourth month after planting; 

SD=Standard Deviation. 

 

 

 

 

Table 7. The soil physicochemical properties in the study plot. 

 

Soil chemical 

properties 

At the beginning of 

the study 

At the end of the 

study 

pH (H2O) 4.09 4.83 

pH (KCl) 3.35 4.16 

C organic (%) 2.65 3.76 

N total (%) 0.16 0.23 

P2O5 (ppm) 19.47 23.10 

K2O (ppm) 100.15 113.56 

Texture Sandy Loam (SL) Sandy Loam (SL) 

 

 

 
data indicated that the diameter and height of A. cadamba 

increased from month to month. However, the diameter and 

height increments of A. cadamba trees on the steep slope 

were lower than those on the slightly steep slope. This 

result implied that slope gradient might affect plant growth 

parameter, especially the stem diameter and plant height. 

Furthermore, the soil erosion and nutrient leaching were 

relatively higher in the steeper slope than those in a less 

steep slope. Moreover, the ground coverage of the G. max 

on the steep plot was found to be lower than that on the 

slightly steep plot. 
The G. max might indirectly influence the diameter and 

height growth of the A. cadamba. It is likely that the G. 

max supplied additional organic materials through the 

decomposition of leaf litter. This process contributed an 

extra source of organic materials for the growth of the A. 

cadamba. Interestingly, the chemical analyses indicated 

that soil nutrient contents (C organic, N total, P, and K) in 

the experimental plot increased during the study. 

Meanwhile, a change was observed in the soil pH (H2O), 

from 4.12 (at the beginning of the experiment) to 4.93 (at 

the end of the study), as presented in Table 7. 

Hydro-orological aspect  

The surface runoff and eroded soil mass are influenced 

by many factors, such as the rainfall, soil erodibility, slope, 

vegetation, and management practice. During the study, the 

rainfalls were measured in the 35 occurrences of rain. 

Table 8 below presents the rainfall data and surface runoff 

volume of the agroforestry system on the two different 

slopes and the control plot, whereas the rainfall data and 

eroded soil mass of the agroforestry system on the two 

different slopes and control plot are presented in Table 9. 

The result showed that in the event of high rainfall, the 

amount of surface runoff and eroded soil mass varied 

widely. The slope is not the only one factor that influences 

soil erosion. Generally, soil erosion was influenced by 

climate, soil, slope length and gradient, vegetation, and 

land management practices. However, in the steeper slope 

lands, the rainfall flowed to the lower area faster and more 

easily. It will lead to surface runoff and eroded soil mass as 

well erosion rate. The runoff rate increased from 20% to 

90% by increasing slope and rain intensity (Chaplot and 

LeBissonnais 2000). In addition, the slope steepness and 

length influence the potential soil erosion. The erosion rate 

is also affected by soil properties, especially soil texture.   
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Table 8. Rainfall and surface runoff volume of agroforestry 

system on two different slopes and control plot 

 

Rain  

event 

Rainfall  

(mm) 

 Surface runoff (l/30 m2) 

Control 

plot 

(>8-15%) 

Slightly steep  

slope 

(>15-25%) 

Steep slope 

(>25-45%) 

1 24.38 36.67 22.32 33.48 

2 5.97 28.18 24.13 29.25 

3 14.43 26.22 21.94 30.14 

4 55.23 11.13 28.93 37.39 

5 12.69 12.71 25.18 32.81 

6 42.30 15.30 31.00 33.06 

7 26.37 14.70 31.41 32.65 

8 6.72 41.20 32.65 34.72 

9 8.46 25.71 23.08 29.17 

10 36.33 15.82 24.13 29.73 

11 8.96 5.12 19.17 27.47 

12 14.18 38.40 28.52 40.34 

13 13.44 30.10 19.73 21.08 

14 13.68 24.34 28.49 37.39 

15 2.99 10.29 12.46 17.80 

16 2.49 24.35 4.32 5.47 

17 17.42 39.40 27.85 31.67 

18 19.66 25.10 21.68 31.47 

19 29.86 28.20 32.94 36.50 

20 8.71 8.50 22.89 27.98 

21 38.81 41.70 29.76 33.89 

22 7.71 28.62 23.84 27.98 

23 17.17 24.70 28.61 31.28 

24 26.87 4.00 30.90 36.48 

25 2.74 8.50 8.98 10.43 

26 2.74 4.60 8.90 10.17 

27 2.74 11.20 5.56 6.36 

28 3.98 14.50 3.10 3.77 

29 5.47 18.95 18.57 20.35 

30 3.73 3.50 5.40 6.28 

31 15.43 20.10 15.09 17.98 

32 43.29 14.20 25.94 31.28 

33 18.66 40.10 21.75 24.04 

34 45.28 37.85 30.71 38.72 

35 10.45 25.20 26.86 33.06 

Total 609.34 759.16 766.79 931.64 

Mean 17.41 21.69 21.91 26.62 

 

 

 

Table 9. Rainfall and eroded soil mass of agroforestry system on 

two different slopes and control plot 

 

Rain  

event 

Rainfall  

(mm) 

 Eroded soil mass (g/30 m2) 

Control 

plot 

(>8-15%) 

Slightly steep  

slope 

(>15-25%) 

Steep slope 

(>25-45%) 

1 24.38 1253.20 1102.69 2181.22 

2 5.97 975.35 249.35 473.07 

3 14.43 890.13 251.54 287.66 

4 55.23 305.12 3172.64 8449.68 

5 12.69 294.78 364.72 788.45 

6 42.30 320.15 2344.25 3114.39 

7 26.37 306.75 819.17 1400.90 

8 6.72 4010.12 505.88 758.25 

9 8.46 790.80 802.95 1057.04 

10 36.33 360.24 1223.31 1895.34 

11 8.96 200.15 456.10 669.55 

12 14.18 3050.60 386.85 1340.88 

13 13.44 1120.16 422.11 704.33 

14 13.68 760.15 779.81 952.25 

15 2.99 190.60 1443.44 493.10 

16 2.49 800.10 76.56 412.16 

17 17.42 2120.75 605.84 856.62 

18 19.66 950.26 975.01 1350.04 

19 29.86 1100.15 1110.96 1294.08 

20 8.71 210.36 272.14 296.05 

21 38.81 3810.65 949.77 1650.16 

22 7.71 1320.10 237.81 248.81 

23 17.17 1105.15 1112.48 1443.63 

24 26.87 100.25 767.41 865.07 

25 2.74 208.68 128.95 292.36 

26 2.74 150.18 66.38 298.34 

27 2.74 200.75 65.97 461.63 

28 3.98 350.17 25.94 199.72 

29 5.47 400.86 259.43 385.39 

30 3.73 70.65 27.98 197.37 

31 15.43 450.21 134.74 224.46 

32 43.29 200.68 412.79 515.80 

33 18.66 2985.10 154.51 358.62 

34 45.28 1895.36 510.97 570.74 

35 10.45 190.70 271.13 273.67 

Total 609.34 33449.41 22491.58 36760.83 

Mean 17.41 955.70 642.62 1050.31 

 

 

 

 

The soil texture in the study site is sandy loam 

characterized by the fine texture as presented in Table 7. 

This soil has low water infiltration capacity. Additionally, 

low rainfall has caused a surface runoff in the surface soil. 

Fine soil grains do not form a stable soil structure easily 

because of the fragile cohesion between their particles, 

thereby highly susceptible to erosion (A’Yunin 2008). 

The evaluation of erosion hazard is an assessment and 

prediction on the scale of soil erosion and its potential 

danger on a particular plot of land. Therefore, the erosion 

hazard level can be used as an indicator of whether the 

erosion is at a threatening level or is hazardous for a land. 

For sloping lands, the tolerable soil loss is 25 ton ha-1year-1 

at a soil depth of more than 100 cm (Rahim 1995). The 

potential erosion rates in slightly steep slope and steep 

slope plots in this study were 32.13 ton ha-1year-1 and 52.51 

ton ha-1year-1 respectively. Moreover, the erosion hazard 

index of 1.29 (low) and 2.10 (moderate) were observed in 

slightly steep slope and steep slope plots.  

As the soil depth in the plot was more than 90 cm and 

the erosion rate of both slightly steep slope and steep slope 

plots were in the range between 15 ton ha-1year-1 and 60 ton 

ha-1year-1, the erosion hazard level of the study plots would 

be classified as the low erosion hazard according to 

classification system as described previously in Table 2. 

This result indicated that the agroforestry system of A. 

cadamba-G.max would be able to suppress the potential 

erosion rate. The implementation of A. cadamba-G.max 

agroforestry system could reduce the erosion rate to a 

degree classified as the low erosion hazard. The surface 

runoff rate, potential erosion rate, erosion hazard index, 

and erosion hazard level found in this study are shown in 

Table 10. The soil erosion rate of agroforestry system of A. 

cadamba and G. max on different slope lands in the study  
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Table 10. The hydro-orological parameters in the study site. 

 

Planting system 
Slope 

gradient 

Surface runoff 

rate (m3 ha-1 

year-1) 

Potential erosion 

rate (ton ha-1 year-

1) 

Tolerable 

erosion rate (ton 

ha-1year-1) 

Erosion hazard 

index 

Erosion 

hazard 

level 

No plantation >8-15%1) 1012.21 45.53 251) 1.82 (Moderate) Low 

A.cadamba-G. max >15-25% 1095.43 32.13 251) 1.29 (Low) Low 

A.cadamba-G. max >25-45% 1330.89 52.51 251) 2.10 (Moderate) Low 

Note: 1)Soil depth in the study plot was >100 cm and the tolerable erosion rate for hills or slope lands was 25 ton ha-1year-1 (Rahim 1995) 

 

 

Table 11. The soil erosion in the different plantation systems 

 

Planting system 
Erosion 

(ton ha-1year-1) 
Location Researcher (year) 

Monoculture agricultural 90.92 Krueng Simpo Sub Watershed, Aceh 

Province, Indonesia 

Fitri (2011) 

Soil and water conservation technique and 

application of agroforestry system 

190.08 Ngadipiro Village, Nguntoronadi 

Sub-district, Wonogiri District, 

Central Java, Indonesia 

Sumarno et al. (2011) 

G. arborea + silt pit with 5 m distance 

G. arborea + silt pit with 10 m distance 

G. arborea + without silt pit (control) 

5.1 

5.6 

5.9 

Banten, Indonesia Pratiwi and Salim 

(2013) 

 

Agroforestry system of A. cadamba and G. max 

Slope of >15-25%  

Slope of >25-45% 

 

32.13 

52.51 

East Kalimantan, Indonesia This study 

 

 

 

 

site was lower than those in monoculture agricultural (Fitri 

2011) and application of agroforestry system (Sumarno et 

al. 2011) as presented in Table 11. This result implied that 

the mixed cropping of A. cadamba and G. max could be 

implemented for rehabilitating and conserving sloping 

lands.  

The application of agroforestry system in different soil 

slopes is viable and useful based on the growth and hydro-

orological parameters. The information on growth and 

hydro-orological aspects, as well as economic aspects, are 

important as the basic data for all stakeholders, including 

private parties and the government, in particular, the 

Ministry of Environment and Forestry and Ministry of 

Agriculture of the Republic of Indonesia which deal with 

the land rehabilitation and soil conservation programs. 
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Abstract. Ohee HL, Sujarta P, Br Surbakti S, Barclay H. 2018. Rapid expansion and biodiversity impacts of the red devil cichlid 

(Amphilophus labiatus, Günther 1864) in Lake Sentani, Papua, Indonesia. Biodiversitas 19: 2096-2103. The red devil cichlid 

(Amphilophus labiatus, Günther 1864) is one of ten exotic fish species inhabiting Lake Sentani. It is believed to be one of the most 

important threats to the native fish of Lake Sentani. This study aimed to document the distribution of red devil cichlids and the impacts 

of this species on native fish fauna. Fish were sampled in six locations in Lake Sentani using gill nets during February and March 2018. 

Fish species and abundance were recorded and used to calculate the relative abundance, dominance, species evenness, Shannon Wiener 

Index (H’) and the correlation between introduced and native fish species. A total of 836 fish belonging to 12 species were recorded 

across Lake Sentani. Mean fish diversity (H’=0.57) and evenness (E= 0.25) were low. The red devil cichlid is the most abundant fish 

recorded during our surveys (87.2% of total fish collected) and is now the most dominant fish in the lake (C=0.76). Moreover, it has 

colonized all areas sampled within the lake because of its ability to colonize new habitat and to successfully exploit a large diversity of 

trophic niches. However, Amphilophus labiatus was not found to be significantly correlated to native fish between different sites in Lake 

Sentani. The existence of endemic and native fish in Lake Sentani is now seriously threatened by the presence of the red devil cichlid 

throughout this lake.  

Keywords: Amphilophus labiatus, conservation, freshwater, introduced species, Lake Sentani  

INTRODUCTION 

Lake Sentani is the biggest lowland lake in Papua and one 

out of 15 priority lakes in Indonesia (Ministry Environment 

and Forestry of Republic Indonesia 2016). The lake is 

located in Jayapura Regency (2033’-2041’S, 140023’-

140038’E), 70-90 meters above sea level (Figure 1). Lake 

Sentani covers an area of approximately 9,360 ha with a 

watershed size of around 600 km2 and varies between 2-24 

km in width. The greatest recorded depth is 51.8 m, in the 

western part of the lake. A total of 14 creeks flow into the 

lake and only one outlet, the Djafuri Stream, is located in 

the southern part of the lake (Puay area). The substrates of 

the lake consist of mud and sand, and water plants grow in 

shallow areas to cover 25% of the lake’s surface area. 

Pandanus and Sago (Metroxylon sp.) grow on the shore 

(Umar et al. 2005; Regional Environmental Impact 

Management Agency of Papua Province, Research and 

Community Service Institute of Bandung Technology 

Institute 2004; Howard 1987; FAO 1972).  

As a result of its high species endemism, Lake Sentani 

has been designated as one of the freshwater ecosystem 

conservation priorities in New Guinea (Allen 2007). 

However, the lake ecosystem has already been degraded 

due to habitat conversion and introduction of non-native 

species. Allen (1991) suggested that Lake Sentani is the 

most threatened freshwater ecosystem in the entire island 

of New Guinea due to pollution and exotic species. Water 

quality readings in excess of national water quality 

standards have been recorded in several areas of the lake, 

particularly in areas close to human settlements which 

show high readings for biological oxygen demand (BOD), 

chemical oxygen demand (COD), and phosphate (PO4) 

(Regional Environmental Impact Management Agency of 

Jayapura Regency 2005, Walukow et al. 2008, Regional 

Environmental Impact Management Agency of Jayapura 

Regency 2009; Natural Resources and Environment 

Management Agency 2010; Ohee 2013; Purwanto et al. 

2013; Indrayani et al. 2015a). Habitat alterations adjacent 

to the lake for restaurants and roads have to lead to increase 

sedimentation and reductions in water depth. The surface 

area of Lake Sentani is estimated to have reduced by 

around 100 ha as a result of this sedimentation (Indrayani 

et al. 2015b).  

The fish community of Lake Sentani has changed 

significantly since surveys began during the early 1970s 

(FAO 1972, Subani 1978, Renyaan 1993, Umar and Safran 

2006; Marine and Fisheries Department of Jayapura 

Regency and Research Institution of Pattimura University 

2014 Renyaan (1993) reported that 50% of fish surveyed in 

this lake were introduced species. Recent surveys have 

recorded a similar proportion 52% (10 out of 19 species) 

are introduced, showing that fish communities in Lake 

Sentani are now dominated by introduced rather than native 
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species (Ngamelubun 2016, Tupen et al. 2016).  

 The red devil cichlid (Amphilophus labiatus, 

Günther 1864) is a member of the Midas cichlid complex 

and originates from Lake Nicaragua and Lake Managua in 

Nicaragua, Central America. Alongside two closely related 

members of the Midas cichlid complex (A. citrinellus and 

A. zaliosus), red devil cichlids represent the largest biomass 

of any fish species in Nicaraguan freshwaters and are an 

important food source for the human population of 

Nicaragua (Barlow 2016, Barlow and Munsey 1976). Red 

devil cichlids have been introduced to several locations in 

Indonesia, including Kedung Ombo Reservoir in Central 

Java (Adjie et al. 2011), Sermo Reservoir in Kulon Progo, 

Yogyakarta (Ariasari et al. 2018), while Atmaja et al. 

(2014) recorded a sympatric species A. citrinellus in Ir. H. 

Juanda Reservoir, West Java.  

Red devil cichlids had been introduced to Lake Sentani 

approximately 10 years ago. Its population has been 

observed to increase rapidly since it was introduced to the 

lake. Unfortunately, the increased population of the cichlid 

appears to be associated with declines of native fishes, 

including Sentani Goby (Glossogobius sentaniensis), 

Sentani Gudgeon (Oxyeleotris heterodon), two species of 

Mouth Almighty (Glossamia beauforti and G. wichmanni), 

and the Papillate catfish (Neoarius velutinus). However, 

until now there has been no scientific study of the 

abundance and distribution of red devil cichlids in Lake 

Sentani and there is limited information about the extent to 

which this introduced species has impacted the native 

fishes of Lake Sentani. Therefore, this study aimed to 

quantify the abundance of red devil cichlid, its distribution 

and its impact on native fishes in Lake Sentani. The data 

collected in this study will also provide a baseline to 

evaluate the success of future management interventions 

aiming to control populations of introduced species and to 

restore the native fish communities of Lake Sentani. 

MATERIALS AND METHODS 

Study area 

Surveys were conducted from February-March 2018 at 

six locations in Lake Sentani, Papua, Indonesia: Puay in the 

south, Ayapo and Asei in the east, Ifale and Hobong in the 

centre, and Yakonde in the west of the lake (Figure 1). 

 

 

 

 

 
 

 

 

 
 

 

Figure 1. Six study site locations in Lake Sentani, Papua, Indonesia 
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Procedures 

Purposive sampling was used to collect fish. Fish were 

sampled with three replicates at each location, resulting in 

18 fish samples across all six lake locations. Ten gill nets 

with two different mesh sizes (2.5in and 3in) were 

combined to form one set of gill nets (500 m long and 2 m 

depth) per replicate. Nets were placed at around 2-6m 

water depth at 6.00-7.00 pm then checked the following 

morning between 7.00-9.00am. All fish collected during an 

overnight sampling period were identified to species based 

on Allen (1991) and Allen et al. (2000), counted and 

grouped into endemic, native and introduced species. 

Fish species and abundance were used to calculate fish 

community structure including fish diversity, relative 

abundance, evenness, and dominance. Community 

structure is essentially the composition of a community, 

including the number of species in that community and 

their relative numbers. Ecological communities contain 

species richness or biodiversity, which are including two 

components, total number of species (richness) and 

apportionment, based on relative abundance, the 

distribution of individuals between species (dominance and 

rare species), similarity, and the functional role of the 

species present (Krebs 2001; Greenstreet 2003; Odum and 

Barret 2005). 

 

Data analysis 

Data analysis were conducted using Microsoft Excel 

and R statistical software. Shannon-Wiener Index of 

Diversity (H’), relative abundance (KR), dominance index 

(C) and evenness index (E) were calculated using Excel. 

The value of the Shannon diversity index (H’) is usually 

found to fall between 1.5 and 3.5 and only rarely surpasses 

4.5 (Magurran 1988). Pilou evenness (J) was used to 

identify evenness in each location with values ranging 

between 0-1. Pearson correlation coefficients were 

calculated to assess the relationship between the number of 

introduced species and the number of native species at 

different survey sites in Lake Sentani. Pearson correlation 

coefficient falls on the scale with limits -1 to +1. The closer 

the value of a coefficient is to-1 or +1, the greater is the 

strength of the correlation, while the closer it is to 0 the 

weaker it is. Values of coefficient r (positive or negative) 

indicate: 0.00-0.19, a very weak correlation; 0.2-0.39, a 

weak correlation; 0.40-0.69, a modest correlation; 0.70-

0.89, a strong correlation and 0.90-1.00, a very strong 

correlation (Fowler et al. 1998). 

RESULTS AND DISCUSSIONS 

The Lake Sentani 

The organisms living in Lake Sentani comprise water 

plants, mollusks, crustaceans, and fish. The latter three are 

commonly caught and sold in local markets, and consumed 

for their protein. Hydrilla, Elodea, Ceratophyllum, 

Myriophyllum, Potamogeton, and Vallisneria are some of 

the genera of aquatic plants found in the deeper parts of the 

lake, while water lilies (Nymphae), Bulrushea, and floating 

aquatic plants Pistis and Lemna are found in shallow areas 

(FAO 1972). Research Center for Limnology-LIPI (2014) 

recorded 11 families and 15 species of water plant in Lake 

Sentani as well as 20 families and 38 species of riparian 

vegetation. FAO (1972) recorded at least three species of 

crustaceans: shrimp, crayfish, and freshwater crab. Br. 

Surbakti (2011) recorded 11 species of mollusks (family 

Thiaridae), including one endemic species, Melanoides 

sentaniensis in Lake Sentani.  

Fish communities from Lake Sentani comprise 35 

species, including 10 native species (3 of which are 

endemic to Lake Sentani), 8 anadromous, and 17 

introduced species (Ohee 2013). Chilatherina sentaniensis 

(Sentani Rainbowfish), Glossolepis incisus (Red 

Rainbowfish) (family Melanotaeniidae), and Glossogobius 

sentaniensis (family Gobiidae) are three endemic fishes, 

while Oxyeleotris heterodon, Giuris margaritaceus (family 

Eleotridae), Glossamia wichmanni, and G. beauforti 

(family Apogonidae), Neoarius velutinus, Neosilurus 

novaeguineae, Chilatherina fasciata (Barred Rainbowfish) 

are indigenous species. Pristis microdon (familiy Pristidae) 

and Mugil cephalus (family Mugilidae) are two out of eight 

species that are anadromous; that is, they are born in 

freshwater, but spend most of their life in marine water, 

before returning to freshwater to spawn. Oreochromis 

mossambicus, Oreochromis niloticus, Channa striata, 

Cyprinus carpio, and Clarias batrachus are some of the 

introduced fishes in the lake (Ohee 2013). Recent surveys 

found only 19 fish species (Ngamelubun 2016; Tupen et al. 

2016), while in this survey recorded only 12 fish species. 

These recent surveys failed to detect several native fish 

species (Pristis microdon, Chilatherina sentaniensis, and 

Neosilurus novaeguinea) suggesting that these species may 

have already become extinct. 

The red devil cichlid in Lake Sentani 

A total of 836 fish belonging to 12 species were 

recorded across Lake Sentani, including eight families and 

10 genera. These species include one endemic, four native 

and seven introduced species (Table 1). Mean fish diversity 

(H’=0.57) and evenness (E= 0.25) were low in Lake 

Sentani (Table 3). The red devil cichlid is the most 

abundant fish recorded during our surveys (87.2% of total 

fish collected) and the most dominant fish in the lake 

(C=0.76) (Table 2). Red devil cichlids were in all survey 

locations (Table 1). 

The red devil cichlid population has increased very 

rapidly in Lake Sentani during the 10 years since it was 

introduced to the lake around 2008. The introduction of 

exotic species into Lake Sentani has a long history 

beginning in the late 1930s under the Dutch government 

for increasing food supplies (Reeskamp 1961). During the 

last 10 years, more exotic species have been introduced 

into Lake Sentani for food by the Fishery Department of 

Jayapura Regency, however, these deliberate introductions 

have not included the red devil cichlid. Therefore, there is 

no information on whether the introduction of this species 

into Lake Sentani was deliberate or accidental. Previous 

fish surveys conducted in Lake Sentani during 2009-2011  
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Table 1. Fish species distribution at different sites within Lake Sentani, Papua, Indonesia 

 

Family/Common Name/ Species 
Location 

Puay Ayapo Asei Hobong Ifale Yakonde 

         

Endemic  

Eleotridae  
      

   Sentani Goby Glossogobius sentaniensis 
 

+ + + + 
 

 

Native 

 

Apogonidae  
      

   Beaufort's Mouth Almighty Glossamia beauforti 
     

+ 

Ariidae  
      

   Papillate Catfish Neoarius velutinus 
 

+ 
 

+ + 
 

Eleotridae  
      

   Sentani Gudgeon Oxyeleotris heterodon + + + + + + 

   Snakehead Gudgeon Giuris margaritaceus 
 

+ + 
   

 

Introduced 

 

Cichlidae  
      

   Red devil cichlid Amphilophus labiatus + + + + + + 

   Midas Cichlid Amphilophus citrinellus 
 

+ + 
 

+ + 

   Mozambique Tilapi Oreochromis mossambicus + 
 

+ 
 

+ 
 

   Nile Tilapia Oreochromis niloticus 
  

+ 
   

Cyprinidae  
      

   Bonylip barb Osteochilus vittatus + + + + + 
 

Helostomatidae  
      

   Kissing gourami Helostoma temminckii + 
     

Osphronemidae  
      

   Snakeskin gourami Trichopodus pectoralis + 
     

   
      

 

 

 

 

found A. labiatus was still rare (Ohee 2013). Some of them 

were done by Ngamelubun (2016) and Tupen et al. (2016) 

that recorded high abundances of A. labiatus. Although the 

fish survey methods used by these different surveys did not 

allow direct comparisons of cichlid abundances between 

2009 and 2018, the results of those studies demonstrate that 

the abundance of A. labiatus has increased rapidly since 

2009. This study demonstrates that A. labiatus has now 

colonized all areas sampled within the lake, including 

littoral habitats at the edge of the lake and deeper areas at 

the centre of the lake. 

This rapid expansion of red devil cichlids can be 

explained by the morphology of cichlids, i.e., the highly 

integrated pharyngeal jaw apparatus, which gives cichlids 

such as A. labiatus a selective advantage during the 

invasion and colonization of new lacustrine environments. 

The invading cichlids are able to successfully occupy a 

range of adaptive zones and to specialize progressively into 

diversified subzones, which may help to explain why 

cichlid fishes have successfully invaded new ecosystems in 

many different parts of the world (Liem 1973).  

Mean fish diversity at each location and across Lake 

Sentani was low. Most locations of the lake also have low 

species evenness (Table 3), meaning that all locations in 

the lake are dominated by a small number of species at 

high abundance, which is mostly the cichlid, while other 

species have very low abundance, especially at Yakonde 

which is the only site located in the west of Lake Sentani. 

Yakonde was dominated by A. labiatus, with other species 

only found at very low abundance. Lake Sentani is home to 

three endemic fish species: Glossogobius sentaniensis) and 

two rainbowfish species, C. sentaniensis and Glossolepis 

incisus. Rainbowfish (family Melanotaeniidae) is an 

endemic family of fish found only on the island of New 

Guinea and in tropical regions of Australia (Allen 1991). 

The majority of endemic rainbowfish species are found in 

Papua, including two species within Lake Sentani (Allen 

1991; Allen 1995, Tappin 2018). Rainbowfish and most 

native freshwater fish species of New Guinea-Australia are 

secondary division fishes of marine origin, which makes 

the fishes of New Guinea-Australia unique and different 

from other tropical regions, such as Asia, Africa, and South 

America, which tend to be dominated by primary division 

fishes that have evolved entirely in freshwater (Allen 

1991).  

Only one of Lake Sentani’s three endemic fish species, 

Glossogobius sentaniensis, was recorded during this survey 

and only found at very low abundance (five individuals 

across the entire lake) (Table 2). The two endemic 

rainbowfish species were probably not recorded during this 

survey due to the mesh size of the gillnets being larger than 

the body size of the rainbowfish or because rainbowfish 

tend to occur in shallower water along the lake edge than 

the sites surveyed in this study. An additional endemic 

species, Chilatherina sentaniensis, which used to occur in 

Lake Sentani but has not been recorded in this study or in 

other recent surveys is assumed to be extinct in the lake.  
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Table 2. Lake Sentani, Papua, Indonesia fish community 

parameters, which show high abundance and community 

dominance by the exotic red devil cichlid (Amphilophus labiatus, 

Günther 1864). 

 

Species 

N
u
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f 
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R
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a
ti

v
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A
b

u
n
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a
n

ce
 

(%
) 

D
o

m
in

a
n

ce
 

( 
c 

) 
 

Amphilophus labiatus*** 729 87.201 0.760 

Osteochilus vittatus*** 32 3.828 0.001 

Oxyeleotris heterodon** 21 2.512 0.001 

Neoarius velutinus** 15 1.794 0.000 

Oreochromis mossambicus*** 15 1.794 0.000 

Amphilophus citrinellus*** 12 1.435 0.000 

Glossogobius sentaniensis* 5 0.598 0.000 

Giuris margaritaceus** 2 0.239 0.000 

Oreochromis niloticus*** 2 0.239 0.000 

Glossamia beauforti** 1 0.120 0.000 

Helostoma temminckii*** 1 0.120 0.000 

Trichogaster pectoralis*** 1 0.120 0.000 

Total 836 100 0.763 

Note: *endemic species, ** native species, *** introduced species 

 

 
 

Table 3. Shannon diversity index (H’) and evenness (E) of fish in 

Lake Sentani, Papua, Indonesia 

 

Location 
Shannon diversity 

index (H') 

Evenness 

(E) 

Puay 0.64 0.36 

Ayapo 0.59 0.31 

Asei 0.56 0.27 

Hobong 0.56 0.35 

Ifale 0.62 0.32 

Yakonde 0.18 0.13 

Lake Sentani (average) 0.60 0.24 

 

 

 

 

 

There are seven native species recorded in Lake Sentani 

during recent years (Ohee 2013), however only four of 

these native species were collected during this study (Table 

2). The three remaining native fish which have previously 

been recorded from Lake Sentani-New Guinea tandan 

(Neosilurus novaeguinea), Wichmann’s Mouth Almighty 

(Glossamia wichmanni) and Barred Rainbowfish-were not 

recorded in this study. Neosilurus novaeguinea has not 

been recorded in several recent surveys and is probably 

extinct in the lake, while Glossamia wichmanni has only 

been recorded rarely during the last 10 years. Chilatherina 

fasciata still occurs along lake edge but in shallower water 

than was surveyed in this study. The decline of N. 

novaeguinea and G. wichmanni may be due to many 

anthropogenic threats to the lake, including habitat 

alteration, pollution, and competition or predation by exotic 

species. Point and non-point pollutants from human 

activities around the lake have reduced water quality and 

impacted the lake’s biota (Ohee 2013). 

 Deforestation and soil erosion have reduced water 

depth and lake size (Indriyani et al. 2015b). Since the 

stocking program of the Dutch government in late 1937, 

the fish community of Lake Sentani has changed to become 

dominated by exotic species. However, the expansion of 

red devil cichlids in Lake Sentani is a relatively recent 

change to the Lake’s fauna as the species is believed to 

have been introduced in approximately 2008 and has only 

been recorded at high abundances in the lake since 2016. 

Introduced fishes can have multiple negative impacts on 

native ecosystems, such as habitat alteration, predation, 

increased competition for resources, hybridization, and 

disease transmission (Ogutu-Ohwayo 1990; Allen 1991; 

Canonico et al. 2005; Dextrase and Mandrak 2006; Larsen 

et al. 2006; Gozlan 2008; Arismendi et al. 2009; Vitule et 

al. 2009; Gozlan et al. 2010; Hermoso et al. 2011). Other 

factors which may have contributed to the decline of native 

fish are an increase in the number of gillnets and reduction 

in the mesh size of gillnets used in the lake, linked to 

increases in the human population living around the lake. 

This change in fishing pressure has led to the increased 

capture of fish, including small or juvenile fish and adult 

females reduce recruitment. Moyle and Leidy (1992) 

outlined five factors which can cause aquatic biodiversity 

loss: 1) competition for water, 2) habitat alteration, 3) 

pollution, 4) introduction of exotic species, and 5) 

commercial exploitation. At least three of these factors are 

currently occurring in Lake Sentani. 

 Impacts of the red devil cichlid on native fish in Lake 

Sentani 

Endemic and native species are now very rare in Lake 

Sentani. One endemic fish, Glossogobius sentaniensis was 

found to be very rare in the lake (0.60%). Four native fish 

were also found to have low abundance in the lake: 

Oxyeleotris heterodon (2.52%), Neoarius velutinus 

(1.79%), Giuris margaritaceus (0.24%), and Glossamia 

beauforti (0.12%) (Table 2). An earlier study conducted 

shortly after the introduction of the cichlid found that 

Oxyeleotris heterodon, Neoarius velutinus, and Glossamia 

beauforti were already rare in 2009-2011, however, Giuris 

margaritaceus was previously a relatively common species 

in Lake Sentani (22.4% of total fish collected during 2009-

2011) (Ohee 2013). The introduction of A. labiatus may 

therefore be associated with the decline of native G. 

margaritaceus if not other native and endemic species in 

Lake Sentani. Correlation analysis did not reveal a 

relationship between the red devil cichlid and endemic and 

native species in Lake Sentani. Two other introduced 

species, which are Osteochilus vittatus and Oreochromis 

niloticus, were found to have a significant positive 

correlation to two native species. Osteochilus vittatus has a 

strong positive correlation to Oxyeleotris heterodon 

(r=0.801, p<0.05) and Oreochromis niloticus has a modest 

positive correlation to Giuris margaritaceus (r=0.686, 

p<0.05).  
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Table 5. Habitat characteriscs of Amphilophus labiatus and native/endemic fishes of Lake Sentani, Papua, Indonesia 

 

Species Habitat characteristic Source 

Glossogobius sentaniensis well-vegetated lake margin on sand and mud bottoms Allen 1991 

rocky and soft substrate with abundant aquatic vegetation Hoese andAllen (2015) 

Oxyeleotris heterodon deeper still water of lakes: it is rarely encountered in the main river 

channel 

Allen 1991 

Giurus margaritaceus Large rivers and small tributaries, swamps, lakes and ponds. Turbid 

or clear waters, usually among aquatic vegetation, to elevations of at 

least 400 m 

Allen et al. (2000) 

Neoarius velutinus Diurnal benthic Allen et al. (2002) 

Glossamia beauforti It occurs along the vegetated margins of streams, lakes and swamps Allen et al. (2000) 

Amphilophus labiatus It adapt to feed on invertebrates in crannies Barluenga and Meyer (2004) 

Cichlid: It has great ability to colonize new habitats and to exploit 

successfully a large diversity of trophic niches 

Liem 1973 

 

 

 

 

 

The exact reasons for the positive correlation between 

native and introduced species are beyond the scope of this 

study, however, this correlation may indicate a shared 

habitat preference between the correlated species. Table 5 

shows the ecological characteristics of native fish in Lake 

Sentani and feeding ecology of the red devil cichlids, 

however, the limited information on the ecology of these 

native species means that it is difficult to determine how 

the recent introduction of red devil cichlids may or may not 

affect native fish populations. Cichlid fishes including the 

red devil cichlid as well as Oreochromis niloticus have a 

strong ability to colonize new habitats and to exploit a large 

diversity of trophic niches (Liem 1973). Members of the 

Midas cichlid complex are known to be habitat generalists 

inhabiting a range of ecological niches, some of which may 

bring them into competition for resources with native fishes 

in Lake Sentani. Atmaja et al. (2014) recorded a sympatric 

species of Midas cichlid, A. citrinellus, has expanded to 

occupy most habitats in Ir. Djuanda Reservoir in West 

Java. Future studies on the habitat characteristics and 

niches of A. labiatus compared to native species in Lake 

Sentani are necessary to make stronger predictions about 

the impact of this introduced species on native species in 

the lake. 

Threats and conservation  

Native fish populations have been declining in Lake 

Sentani for at least the past 10 years. This has been 

reported by local communities since their daily catch is 

now dominated by exotic species. Currently, there is no 

regular species conservation program conducted by local 

government for Lake Sentani. Lake Sentani is designated 

as a priority lake in Indonesia. This prioritization is based 

on six categories and the categories for Lake Sentani to be 

designated are lake degradation: high degradation, 

sedimentation, pollution, eutrophication, and the decrease 

of water quality and quantity; and lake utilization: fishery, 

religious and cultural values, tourism, and others. Local 

government and community commitments to lake 

management have been categorized as ‘medium level’ for 

Lake Sentani, meaning that government and the community 

have not put high effort into lake management, particularly 

on conservation issues (Ministry of Environment and 

Forestry of Republic Indonesia 2016).  

Lake Sentani is probably the most highly threatened of 

all the freshwater habitats in Papua due to its proximity to a 

major and growing population center (Jayapura/Sentani) 

and resultant human impacts such as overfishing, pollution 

and introduction of undesirable exotic species. However, 

Lake Sentani and its surrounding watershed is an aquatic 

biodiversity hotspot including five endemic species (Allen 

2007). At this time the local government has no specific 

program for biodiversity and/or habitat conservation in 

Lake Sentani. Some existing government programs may in 

fact be exacerbating the current problems by expanding a 

programme for local people to establish fish cages stocked 

with exotic fish (Nile tilapia, O. niloticus). Fishery 

Department of Jayapura Regency has recorded more than 

1,500 fish cages in Lake Sentani, around 1,300 of which 

are located over a limited area in the East of Lake Sentani. 

Moreover, some places along the lake edge have recently 

been developed for restaurants, settlements and road 

connections which places increased pressure on the lake 

environmet due to erosion, sedimentation, sewage etc. All 

these impacts pose a serious threat to the continued 

survival of Lake Sentani’s native biodiversity. In addition 

to these ongoing threats from human activities, the 

conservation of rare endemic and native fish in Lake 

Sentani is now seriously threatened by the relatively recent 

introduction of the red devil cichlid which in only 10 years 

has become the dominant fish species in Lake Sentani. We 

recommend further studies are conducted to understand the 

ecology of A. labiatus and native fish species in order to 

develop a more detailed understanding of the impacts of 

this species and how its population can be controlled in the 

lake. In addition, we recommend that the multiple human 

threats to native and endemic species in Lake Sentani are 

addressed through the development and implementation of 

a conservation management plan for the lake and its 

watershed. 
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Abstract. Pratiwi H, Damar A, Sulistiono. 2018. Phytoplankton community structure in the Estuary of Donan River, Cilacap, Central 

Java, Indonesia. Biodiversitas 19: 2104-2110. The estuary of the Donan River in Cilacap, Central Java is one of the areas utilized for 

many activities, including industries, housings, port facilities, tourism, and fisheries. This study was aimed to determine the aquatic 

condition of the estuary based on phytoplankton indicator. Samples were taken at 5 stations, representing salinity distribution at the river 

mouth from August 2015 to January 2016. Data were analyzed and presented as the abundance, composition, and Diversity, Evenness, 

Dominance, and Bray-Curtis Similarity Indexes of phytoplankton. Principal Component Analysis was used to analyze the effect of 

environmental parameters on phytoplankton diversity and abundance. The results showed that phytoplankton at the estuary comprised of 

three classes, i.e., Bacillariophyceae (17 genera), Chlorophyceae (4 genera), and Dinophyceae (1 genus). The phytoplankton diversity at 

the estuary was classified as moderately ecological stressed. Phytoplankton species distribution appeared similar across sampling time 

and station. Habitat cluster based on the phytoplankton abundance was classified into 3 zones namely Zone 1 (Donan), Zone 2 (Teluk 

Penyu), and Zone 3 (Kembangkuning). Nitrate, temperature, salinity, dissolved oxygen (DO), transparency, and orthophosphate were aquatic 

parameters affecting the phytoplankton community structure at this estuary. 

Keywords: Community structure, phytoplankton, Donan Estuary, Indonesia.  

INTRODUCTION 

The Segara Anakan is a lagoon located in the south part 

of Cilacap Regency, Central Java, Indonesia. This lagoon is 

protected from the wave action from the Indian Ocean by 

the existence of Nusakambangan Island. The island is 

situated in front of the Segara Anakan stretching 30 

kilometers from east to west. The ecosystem in the Segara 

Anakan is very important both ecologically and 

economically due to its high biodiversity and rich of 

nutrient. The habitat of the coastal area in the Segara 

Anakan had been degraded over the last few decades due to 

the rapid human population growth and land use, causing 

destruction of mangroves and severe sedimentation in the 

lagoon (Ardli 2008). 

Fisheries resources in the Segara Anakan had been 

threatened by habitat destruction and pollution from 

industrial as well as household wastes. One of the water 

bodies in the Segara Anakan Lagoon which was subject to 

the degradation was the estuary of Donan River. This 

lagoon is situated close to the industrial areas, seaports, and 

domestic areas. According to Cahyani (2001), the oil 

processing industry was located in the east part of the 

Donan River, and its activity might lead to the 

contamination to the Donan River.  

The waste found in this estuary was originated from the 

industry and domestic activities in Cilacap. Partuti (2014) 

reported that oil and gas industries were potential to pollute 

the water. Robinson (2010) further reported that the 

wastewater released contained oil residual dispersed in the 

form of droplets, solids, gases, and soluble hydrocarbons in 

small quantities. Plankton is one of aquatic organisms 

utilized as bio-indicator of aquatic condition. The turbidity is 

considered as one of the important factors which can affect 

the distribution and abundance of phytoplankton (Gao and 

Song, 2005).  

The aim of this study was to determine the aquatic 

condition based on the phytoplankton community structure 

in the estuary of the Donan River, Cilacap, Central Java, 

Indonesia. 

MATERIALS AND METHODS 

Study area  

The study area was in the estuary of the Donan River, 

Cilacap, Central Java, Indonesia (Figure 1). Phytoplankton 

sampling and environmental parameters measuring were 

conducted every month from August 2015 to January 2016. 

Procedures 

The phytoplankton sampling and identification  

Phytoplankton samples were taken at each station by 

filtering 100 liters water using a plankton net in each 

sampling station. The filtered samples were then kept in 

sample bottles preserved with Lugol's solution. All samples 

were kept cool prior to analysis by keeping them in a cool 

box and brought to the main lab for laboratory analyses.  
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Figure 1. The study sites in the estuary of the Donan River, Cilacap, Central Java, Indonesia 

 

 

 

Table 1. Method of physical-chemical parameters measurement 

observed (APHA 2012)  

 

Parameter Unit  
Method/measuring 

instrument  
Notes  

Physical     

Water depth  m Weighted Rope  In-situ 

Temperature  oC SCT meter  In-situ 

Transparency  cm Secchi disk In-situ 

TSS mg/L Gravimetric  Laboratory  

    

Chemical     

pH - pH Meter In-situ 

Salinity  o/oo SCT meter  In-situ 

DO mg/L DO Meter In-situ 

Nitrite (NO2-N) mg/L Spectrophotometer Laboratory 

Nitrate (NO3-N) mg/L Spectrophotometer Laboratory 

Ammonia (NH3-N) mg/L Spectrophotometer Laboratory 

Orthophosphate 

(PO4-P) 

mg/L Spectrophotometer Laboratory 

 

 

 

Phytoplankton identification was carried out in the 

laboratory using compound microscope with 100 times 

magnification. Plankton abundance was counted using a 

Sedgwick-Rafter Counting Cell (SRC) with 50×20×1 mm3 

size.  

Measurements of water chemical and physical 

characteristics 
Water samples were taken from each research station 

using polyethylene bottle sampler then cooled for 

preservation. Water depth, temperature, transparency, pH, 

salinity and dissolved oxygen (DO) were measured in situ. 

While total dissolved solids (TSS), nitrate, nitrite, 

ammonia, and orthophosphate were measured in the 

laboratory. The method of water quality analysis refers to 

the APHA (2012) presented in Table 1. 

Data analysis 

Data on phytoplankton species composition were 

presented descriptively. Bray Curtis index was used to 

create zones. Phytoplankton diversity, evenness, similarity, 

and dominance indexes were calculated using Shannon and 

Wiener, Bray Curtis and Simpson Dominance Index 

formula (Odum 1971), respectively.  

Principle Component Analysis (PCA) was used to 

group the phytoplankton based on water chemical and 

physical properties. The PCA was used to view the 

information concerning various water quality parameters 

which correlate with the phytoplankton abundance in the 

water. The result of the main component analysis was 

visualized using a biplot chart. The main axis of the biplot 

chart explains the diversity of the total data. 

RESULTS AND DISCUSSION 

Phytoplankton taxon composition 

During the six months of study at five stations, we 

found three classes of phytoplankton, namely 

Bacillariophyceae (17 genera), Chlorophyceae (4 genera), 

and Dinophyceae (1 genus) and Bacillariophyceae was the 

most abundant plankton in the study area (Table 2, Figures 

2-3). In average the abundance of phytoplankton in the 

estuary of Donan River was highest in December, i.e., 

235,52 x 103 cell/m3.  

Diversity, evenness, and dominance indices  

The index value of the highest diversity is obtained in 

September, while the lowest value is obtained in August. 

The index value of evenness obtained showed that in 

September, the index value of evenness was the highest and 

in August, it was the lowest. The highest index value of 

dominance obtained was in August, while the lowest one 

was obtained in September (Table 3, Figure 4).  
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Water quality parameter  

The water quality parameters measured in this study 

including the water depth, transparency, TSS, temperature, 

pH, salinity, DO, ammonia, ammonium, nitrate, nitrite, and 

orthophosphate (Table 4). Prior to the water quality data, 

salinity and TSS seems the main parameters affected the 

phytoplankton abundance in that estuary. 

Grouping stations  

Based on the phytoplankton abundance, each station 

was grouped based on it’s ecological or habitat similarity 

using the Bray-Curtis index. The results showed that the 

abundance of phytoplankton had 75% similarity. Station 1 

had the similarity index 88.21% with Station 2. Station 3 

had similarity index 76.90 % with station 4. Unlike other 

stations, Station 5 did not have similarity with other 

stations (Figure 5). 

Relationship between phytoplankton and 

physicochemical parameters. 

The result of the principal component analysis showed 

that the phytoplankton of the estuary of the Donan River 

could be grouped into 3 zones (Figure 6). In zone 1 (Station 

1 and 2), the abundance of Chlorophyceae was close to 

each other and was influenced by water quality, including 

nitrate, nitrite, TSS, and temperature. In zone 2 (Station 5), 

the abundance of Bacillariophyceae was partly explained 

by salinity, transparency, and orthophosphate. In zone 3 

(Station 3 and 4), the abundance of Dinophyceae was 

influenced by ammonium and DO. 

The results of the main component analysis were 

strengthened by correlation test. The correlation test was 

intended to determine the closeness of the relationship 

between water quality parameters with phytoplankton 

abundance. Transparency, temperature, salinity, DO, 

nitrate, orthophosphate were all positively correlated with 

phytoplankton abundance (Table 5). 
 

Table 2. Types of phytoplankton found in estuary of Donan 

River, Cilacap, Indonesia 

 

Class  Species  

Bacillariophyceae Biddulphia sp., Chaetoceros sp., Cocconeis 

sp., Coscinodiscus sp., Cyclotella sp., 

Denticula sp., Dytilum sp., Eucampia sp., 

Gyrosigma sp., Hemialus sp., Hyalodiscus 

sp., Melosira sp., Navicula sp., Nitzchia sp., 

Pleurosigma sp., Thalassionema sp., 

Thalassiotrix sp. 

Chlorophyceae Closterium sp., Cosmarium sp., Staurastrum 

sp., Volvox sp. 

Dinophyceae Pyrocystis sp. 

 

 
Table 5. The correlation of water quality with phytoplankton 

abundance in the estuary of the Donan River 

 

Parameters Phytoplankton 

Transparency 0.41 

Total Suspended Solid (TSS) -0.40 

Temperature 0.16 

Salinity 0.74 

Dissolved Oxygen (DO) 0.76 

Amonnia -0.06 

Ammonium  -0.06 

Nitrate 0.82 

Nitrite -0.21 

Orthophosphate  0.28 
 

 

 

Table 3. The diversity (H’), Evenness index (E), and dominance index (C) of phytoplankton based on sampling time in the estuary of 

Donan River, Cilacap, Indonesia 
 

Index 
Months 

Aug (2015) Sept Oct Nov Dec Jan (2016) 

Diversity Index (H') 2.04 ± 0.22 2.32 ± 0.22 2.31 ± 0.24 2.18 ± 0.16 2.27 ± 0.11 2.16 ± 0.22 

Evenness Index (E) 0.82 ± 0.08 0.88 ± 0.08 0.87 ± 0.07 0.81 ± 0.05 0.85 ± 0.04 0.83 ± 0.07 

Dominance Index (d) 0.18 ± 0.07 0.13 ± 0.05 0.13 ± 0.04 0.16 ± 0.03 0.14 ± 0.03 0.15 ± 0.04 

 

 

Table 4. Water physical and chemical parameters of the estuary of Donan River, Cilacap, Indonesia 
 

Parameters Unit 
Months 

Aug (2015) Sept  Oct  Nov  Dec  Jan (2016) 

Physical   
      

Depth  m  5.58 ± 4.06 5.02 ± 2.86 4.35 ± 1.78 5.13 ± 2.99 4.86 ± 2.58 3.74 ± 2.22 

Transparency  cm  88 ± 37 86 ± 34 134 ± 127 71 ± 43 79 ± 18 98 ± 25 

Total Suspended solid (TSS)  mg/L  18.20 ± 13.01 9.40 ±1.67 13.40 ± 5.94 .00 ± 9.72 19.60 ± 10.81 23.80 ± 12.07 

Temperature  oC 27.44 ± 0.52 27.04 ± 1.95 28.90 ± 0.89 28.40 ± 1.14 30.56 ± 0.53 31.32 ± 0.22 
 

Chemical  
 

      
pH   7.00 ± 0.00 7.00 ± 0.00 7.00 ± 0.00 7.00 ± 0.00 7.00 ± 0.00 7.00 ± 0.00 

Salinity  ‰ 33.80 ± 1.64 31.00 ± 0.00 35.40 ± 1.82 29.60 ± 1.52 26.60 ± 4.28 27.20 ± 3.11 

Dissolved Oxygen (DO)  mg/L  7.86 ± 1.53 7.42 ± 2.43 8.62 ± 0.65 8.10 ± 1.71 7.32 ± 2.23 8.72 ± 0.66 

Ammonia (NH3)  mg/L  0.01 ± 0.01 0.06 ± 0.04 0.01 ± 0.00 0.04 ± 0.03 0.05 ± 0.04 0.08 ± 0.06 

Ammonium  mg/L  0.01 ± 0.01 0.06 ± 0.04 0.01 ± 0.00 0.04 ± 0.03 0.05 ± 0.04 0.08 ± 0.06 

Nitrate (NO3-N) mg/L  0.08 ± 0.03 0.21 ± 0.26 0.11 ± 0.04 0.31 ± 0.11 0.17 ± 0.09 0.19 ± 0.08 

Nitrite (NO2-N)  mg/L 0.01 ± 0.00 0.04 ± 0.01 0.02 ± 0.01 0.02 ± 0.00 0.01 ± 0.00 0.02 ± 0.00 

Orthophosphate (PO4-P)  mg/L  0.02 ± 0.01 0.02 ± 0.01 0.03 ± 0.01 0.03 ± 0.01 0.03 ± 0.01 0.01 ± 0.00 
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Figure 2. Composition of phytoplankton percentage in the estuary of Donan River, Cilacap, Indonesia, sampled from August 2015 to 

January 2016 

 

 

 

 

 
 

Figure 3. Composition of phytoplankton abundance, found in the estuary of Donan River, Cilacap, Indonesia, sampled from August 

2015 up to January 2016 

 

 

 

 

 
Figure 4. The average abundance of phytoplankton based on the 

period, in estuary of Donan River, Cilacap, Indonesia  

  

 
Figure 5. Cluster analysis of stations based on the abundance of 

the phytoplankton (cell/m3). 
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Figure 6. The tendency of water quality with the abundance of 

phytoplankton (cell/m3) in each zone. 

 

Discussion  

Estuaries form transition zones between freshwater and 

marine biomes. Due to mixing of the two distinct water 

bodies, they are characterized by pronounced gradients of 

physical and chemical components (Bazin et al. 2014). The 

coastal water gets loads from organic and inorganic 

substances from land, such as domestic waste from cities 

brought by the river flowing to the coast. The estuary area 

of the Donan River has become the center of industrial 

activity, harbors, transportation, and fisheries (Sudaryanto 

2001). If waste dumped into the aquatic environment, it 

will affect the condition of water quality, which will 

influence the community of phytoplankton.  

The dominance of Bacillariophyceae in coastal water 

was reported in a number of studies, such as Damar (2003), 

Brogueira et al. (2007), Isnaini (2011), and Abida (2012). 

Nastiti et al. (2013) also reported that Bacillariophyceae 

was a class of phytoplankton commonly abundant in 

Indonesian waters. Bacillariophyceae was also the most 

abundant phytoplankton found in the waters of the Alas 

Strait, Sumbawa (Radiarta, 2013). In Jakarta, Lampung and 

Semangka Bays, the phytoplankton was also dominated by 

Bacillariophyceae (Damar et al. 2012). In marine water, 

Wulandari (2015) and Widyarini (2016) found that this 

class of phytoplankton was the most common. The 

dominance of Bacillariophyceae in many studies indicated 

that Bacillariophyceae as cosmopolitan. This cosmopolitan 

nature is probably due to Bacillariophyceae can form silent 

spores which are usually smaller than other Diatom cells 

and this silent spores can survive and grow well in adverse 

condition (Basmi,1999; and Siregar, 2006). In addition, 

these organisms are also euryhaline, which can live in the 

salinity range of 5 ‰-30 ‰. 

Chlorophyceae comprised of smaller numbers of genera 

compared to the genera number in Bacillariophyceae. 

Chlorophyceae is abundant in waters with sufficient light 

intensity, such as ponds, and lakes (Ramadhania et al. 

2015). Dinophyceae is a class which only occasionally 

found in a low number of species and abundance. The only 

one genus of Dinophyceae was Pyrocystis sp. The rareness 

of Dinophyceae in nature might due to this class form a 

cyst in a resting stage, and the cyst then settles on the 

seabed and rests until environmental conditions support it 

again (Fathurrahman and Aunurohim 2014).  

The abundance of phytoplankton in the Donan River 

Estuary was highest in December and lowest in August. 

There were between 17-21 genera of phytoplankton during 

the six months of observation. The abundance of 

phytoplankton > 12 500 cells/m3 belongs to the high 

category (Haninuna et al. 2015), thus the abundance of 

phytoplankton in the Donan River Estuary was considered 

high. The highest abundance of phytoplankton in Station 5 

was probably due to this station was closest to the sea 

water in which the environmental conditions could be more 

stable than in other stations.  

The structure of phytoplankton community is 

determined by the diversity of phytoplankton types and by 

environmental factors, such as the intensity of light and 

nutrients (Boney in Wulandari 2011). The index value of 

diversity, evenness, and dominance can be used to judge 

the stability of the phytoplankton community in the ocean 

(Duarte et al. 2012). Our results showed that the diversity 

indices ranged 2,04 to 2,32. According to Yuliana et al. 

(2012), the index value of diversity 1<H’<3 described a 

moderate level of diversity with medium ecological stress. 

According to Basmi (2000), the condition of moderate 

community is a condition which can readily change even 

though the change of its environment is not relatively 

significant.  

The evenness is the description of how big is the spread 

of similarity of the number of individuals at the community 

level (Odum 1971). The evenness index value (E) 

temporarily ranged from 0.81 to 0.88, and especially was 

between 0.81 and 0.88. This indicated that the spread of 

each phytoplankton taxon tended to be equal (Dash 2001).  

The dominance index is used to determine whether 

there is a single species dominating a community. 

According to Dash (2001), the dominance index ranges 

between value of 0 and 1. If the index value is close to 0, it 

means that there is be no species dominating. On the other 

hand, if E value is close to 1, it means that at least there 

was one species dominating. The index value of dominance 

(D) showed that there were no species of phytoplankton 

dominating. 

The station grouping obtained shows there are as many 

as. The habitat grouping was made based on the 

phytoplankton abundance and 3 zones resulted from the 

grouping. Station 1 and 2 had 88.21% similarity index and 

between station 3 and 4 the similarity index was 76.90%, 

while Station 5 was not similar to any other stations. Zone 

1 comprised of Station 1 and 2, zone 2 was formed from 

Station 5. Station 5 did not have any similarity with any 

other stations because this station is located close to the 

ocean. Therefore, this station showed very diverse 

phytoplankton. Zone 3 was formed from Station 3 and 4. 

Station 3 and 4 located in the same water body, i.e., 

estuary, and had similar phytoplankton abundance.  

Physical-chemical parameters in the estuary water of 

Donan River were not spacially and temporarily different 

significantly. The result of the measurement of water 

quality parameters is still normal to support the life of 

phytoplankton. The water temperature (in average) 
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obtained temporarily ranges from 27.04-31.32C. The 

value of temperature obtained is different significantly. 

According to Widyarini (2016), the range of temperature is 

not very different because the level of ultraviolet radiation 

is relatively the same. The range of temperature obtained is 

still appropriate to the life of phytoplankton. Effendi (2003) 

stated that the water temperature is influenced by the 

season, altitude, the height of sea level, time in a day, wind 

circulation, cloud cover, and the depth of water. 

Temperature can be influenced by the existence of 

phytoplankton. The range of temperature which is optimal 

for the growth of phytoplankton 20-30C. 

The value of salinity in a coastal river is influenced by 

the fresh water from rivers (Effendi 2003). Salinity of the 

water in Donan River estuary varied between monthly 

periods, 26.60-35.40 %0, as well as among sampling 

stations, however, they were not significantly different 

based on the measurement temporarily. According to 

Dahuri et al. (1996), salinity is one of the parameters which 

determines the types of phytoplankton found in an ocean, 

which it self-depends on the characteristics of the 

phytoplankton. The value of salinity obtained is very high, 

but this is still good for the growth of phytoplankton. 

Nontji (2008), stated that salinity of 11-40 o/oo is the range 

of salinity which is appropriate to the life of phytoplankton. 

Some physicochemical parameters, i.e., TSS, pH, DO, 

Nitrite, Nitrate, Ammonia, and Phosphate are still suitable 

for biota to live in the Segara Anakan Lagoon.  

The result of the analysis, biplot of the main component 

showed that in zone 1, the Class Chlorophyceae tended to 

be close to water temperature, nitrate, and nitrite. The value 

of correlation between phytoplankton and the water quality 

indicates that the parameter of nitrate has a very powerful 

effect, so this could affect the abundance of phytoplankton, 

while the temperature correlated weakly to the abundance 

of phytoplankton. The Class Bacillariophyceae in zone 2 

tended to close be to influence by salinity, depth, 

transparency, and orthophosphate. The value of correlation 

between phytoplankton and the water quality described that 

the salinity and the depth parameters correlated strongly. 

Furthermore, the transparency also correlated quite 

strongly, while the parameter of orthophosphate correlated 

weakly towards the phytoplankton. Zone 3 described that 

the Class Dynophyceae tended to be close to ammonium 

and DO. The correlation value of phytoplankton with the 

DO described a strong correlation. The closeness between 

water quality parameters and certain phytoplankton class 

explained that not all water quality parameter based on the 

zone only influenced one type of phytoplankton. However, 

all parameters also influenced other types of 

phytoplankton.  

The distribution and abundance of phytoplankton are 

strongly influenced by the aquatic environment (Soedibjo 

2006). The correlation result shows that there is a 

significant correlation between environment parameter and 

phytoplankton at level 95% (0.05). The main parameters 

that influence the abundance of phytoplankton in the study 

sites are transparency, salinity, DO, and nitrate. The 

correlation values obtained were transparency (0.41), 

salinity (0.74), DO (0.76), and nitrate (0.82). According to 

Damar (2014), the primary productivity of phytoplankton 

depends on the availability of nutrients and light, but light 

is not a limiting factor in the development of phytoplankton 

in tropical waters. Plankton and chemical parameters i.e., 

salinity and pH had a positive correlation (Widyarini et al. 

2017). Chrismadha and Ali (2007), found that there was a 

strong correlation between the phytoplankton community 

and turbidity, pH, dissolved oxygen, total dissolved solids, 

and phosphates. A study conducted by Radiarta (2013) in 

the Alas Strait showed that environmental parameters 

which had significant correlation to phytoplankton were 

temperature, brightness, nitrate, and phosphate.  

In conclusion, phytoplankton in the estuary waters of 

the Donan River consisted of three classes, namely 

Bacillariophyceae (17 genera), Chlorophyceae (4 genera), 

and Dinophyceae (1 genus ). Bacillariophyceae consists of 

Biddulphia sp., Chaetoceros sp., Cocconeis sp., 

Coscinodiscus sp., Cyclotella sp., Denticula sp., Dytilum 

sp., Eucampia sp., Gyrosigma sp., Hemialus sp., 

Hyalodiscus sp., Melosira sp., Navicula sp., Nitzchia sp., 

Pleurosigma sp., Thalassionema sp., and Thalassiotrix sp., 

Chlorophyceae consist of Closterium sp., Cosmarium sp., 

Staurastrum sp., Volvox sp., The Class Dinophyceae found 

was Pyrocystis sp. The diversity of phytoplankton in the 

Estuary of Donan River was categorized into moderate 

with the medium ecological pressure indicating an aquatic 

moderately ecological stressed. The habitat grouping based 

on the abundance of phytoplankton had formed three zones 

of habitat, i.e., zone 1 (Station 1 and 2), zone 2 (Station 5), 

and zone 3 (Station 3 and 4). Nitrate, nitrite, temperature, 

salinity, depth, transparency, and orthophosphate are 

marine parameters affecting the structure of phytoplankton 

in the estuary of the Donan River.  
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Abstract. Chuaynkern Y, Nurngsomsri P, Chuaynkern C, Duengkae P, Karaphan S. 2018. Short Communication: Cyrtodactylus elok 

Dring, 1979 (Sauria, Gekkonidae): A first country record for Thailand. Biodiversitas 19: 2111-2117. The present work reports a new 

country record for Thailand of the bent-toed gecko Cyrtodactylus elok Dring, 1979 based on a single specimen which was collected 

from Hala‒Bala Wildlife Sanctuary, Narathiwat Province (southern Thailand). The Thai specimen shows morphological characters 

similar to C. elok as follows: 12-14 supralabials, 10-11 infralabials, seven tubercles across midbody, 49 ventral scales, enlarged femoral 

scales absent, tubercles on forelimbs absent, ventrolateral fold poorly defined, and large tubercles of dorsolateral caudal rows. The 

species was previously known from the discovery made in Malaysia. This addition brings the number of Thai prehensile-tailed species 

to three. Morphological and distributional maps are provided. 

Keywords: Cyrtodactylus brevipalmatus, Cyrtodactylus elok, Narathiwat, new record, prehensile-tailed 

INTRODUCTION 

Presently, the bent-toed geckos genus Cyrtodactylus 

Gray, 1827 have paid attention to their diversity and 

approximately 260 species were recognized across Asia 

and western Pacific (Uetz et al. 2018). The prehensile-

tailed Cyrtodactylus is a group of species with spiny, 

prehensile tails (Grismer et al. 2010), and presently 

comprise of nine nominal species: C. interdigitalis Ulber, 

1993, C. elok Dring, 1979, C. brevipalmatus (Smith, 1923), 

C. spinosus Linkem, McGuire, Hayden, Setiadi, Bickford 

and Brown, 2008, C. stresemanni Rösler and Glaw, 2008, 

C. nuaulu Olivier, Edgar, Mumpuni, Iskandar and Lilley, 

2009, C. serratus Kraus, 2007, C. lateralis (Werner, 1896), 

and C. durio Grismer, Anuar, Quah, Muin, Chan, Grismer 

and Ahmad, 2010. Among these members, two of them 

were known to occur in Thailand: C. brevipalmatus, and C. 

interdigitalis. The first species was described based on 

specimens collected from Khao Luang National Park, 

Nakhon Si Thammarat Province (Smith 1923). To date, C. 

brevipalmatus is currently endemic to Thailand (Grismer 

2008; Harvey et al. 2016) and its distribution was reported 

in Tak, Nakhon Si Thammarat, Phetchaburi, Uthai Thani 

Provinces (Nabhitabhata et al. 2004; Nabhitabhata and 

Chan-ard 2005; Chuaynkern and Chuaynkern 2012).  

The second species, C. interdigitalis, was described 

based on specimens collected from Nam Nao National 

Park, Phetchabun Province (Ulber 1993). Although several 

works (see e.g., Ulber 1993; Nabhitabhata et al. 2004; 

Nabhitabhata and Chan-ard 2005; Chan-ard and Makchai 

2011; Chuaynkern and Chuaynkern 2012; Chan-ard et al. 

2015) reported distribution of C. interdigitalis in many 

provincial areas (e.g., Tak, Bueng Kan, Phetchaburi, 

Phetchabun, Loei, Nong Khai, Uthai Thani Province), but 

recently Nurngsomsri et al. (2014) confirmed its 

distribution only in four provinces including Phetchabun 

(Nam Nao National Park), Uttaradit (Nam Paad Wildlife 

Sanctuary), Chaiyaphum (Phu Khiao Wildlife Sanctuary) 

and Loei (Phu Luang Wildlife Sanctuary).  

The present work obtained a female specimen of the 

prehensile-tailed Cyrtodactylus collected from Hala‒Bala 

Wildlife Sanctuary (Narathiwat Province). The specimen 

was investigated on its identity by comparing its 

morphological characteristics to relevant specimens and to 

morphological characteristics described in the taxonomic 

literature. As below, this specimen is identified as C. elok 

and we herein present the details of this investigation. 

MATERIALS AND METHODS 

A specimen (KKUC 01145, field number Y 0588) of 

the prehensile-tailed Cyrtodactylus was deposited in the 

Khon Kaen University Vertebrates Collection (KKUC, 

Khon Kaen University, Khon Kaen Province, northeastern 

Thailand). The specimen was identified by comparing their 

morphological characters with descriptions in relevant 

taxonomic works and comparative materials including two 
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specimens of C. brevipalmatus from the British Museum 

Natural History (BMNH, U.K.) and Zoologische Museum 

Berlin (ZMB, Germany), and three specimens of C. elok 

from Zoologische Museum Berlin (ZMB, Germany). 

Measurements were taken with a digital slide-caliper (to 

the nearest 0.1 mm). Measurement is presented in Table 1. 

Those of symmetrical characters are given in form of 

"left/right". Those of the subdigital lamellae formula of 

fingers and toes are given in form of "basal lamellae: 1: 

distal lamellae". The "1" indicates that the specimen has 

small scales interrupt between the basal and distal lamella. 

Some measurements are similar in definitions with those of 

previous publications (e.g., Bauer 2002, 2003): SVL, HL, 

HW, HH, SE, TYE, IN, EN, IUE, AG, LAL, and TAL. The 

present work conducted under the following animal ethic 

numbers: U1-04532-2559 (CC), U1-046369-2559 (YC), 

and U1-05804-2559 (PD).  

RESULTS AND DISCUSSION 

Cyrtodactylus elok Dring, 1979 (Figures 1-3). 

Cyrtodactylus elok Dring, 1979: 223. Holotype: BMNH 

1967.2783. Type locality: “base camp of the Gunung 

Benom expedition (215 m elevation)”, Pahang, Peninsular 

Malaysia. 

Material examined 

Thailand: Narathiwat Province: Hala‒Bala Wildlife 

Sanctuary [KKUC 01145, field number Y 0588]. 

Comparative materials were C. brevipalmatus: Thailand: 

Nakhon Si Thammarat Province: Khao Luang National 

Park [BMNH 1946.8.23.11, ZMB 50525], and C. elok: 

Malaysia [ZMB 64955, 70052-53]. 

Identification of the specimen 

Identification of the specimen from Thailand was based 

on comparing with taxonomic works (Taylor 1963; Dring 

1979; Grismer 2005, 2008; Grismer et al. 2010). The 

specimen was allocated to C. elok as it was mostly similar 

to those of publication as follows: tubercle across midbody 

five to 10, ventral scales 41-52, enlarged preanal scales six 

to nine, enlarged femoral scales absent, femoral pore 

absent, ventrolateral fold pale-edged, two level of ventrolateral

 

 

 
Table 1. Abbreviation and definition of measurements used in this study 

 

Abb. Characteristics Definitions 

SVL Snout-vent length Measured from tip of snout to vent 

HL Head length Measured from tip of snout to back of mandible 

HW Head width Measured at the widest position 

HH Head height Measured at the highest position 

RW Rostral width Measured the widest distance of rostral 

RH Rostral height Measured the highest distance between lower and upper edges of rostral in 

vertical direction 

ML Mental length Measured the longest distance of mental 

MW Mental width Measured at the widest of mental 

TYD Ear-opening length  Measured distance between anterior and posterior through at horizontal 

position 

SS Snout to shoulder length Measured from tip of snout to shoulder at anterior point of insertion of the arm 

SE Snout length Measured from tip of snout to anterior edge of eye-ball 

EL Eye length Measured distance between anterior and posterior edges of eye-ball at 

horizontal position 

TYE Tympanum to eye distance Measured distance between posterior edge of eye-ball and anterior edge of ear 

opening 

SN Snout to nostril length Measured from tip of snout to anterior nostril 

IN Internarial distance Measured distance between nostrils 

EN Eye to nostril distance Measured distance between nostril and anterior edge of eye-ball 

IFE Distance between anterior corners of eyes Measured distance between anterior corners of eye-balls 

IUE Distance between upper eyelids Measured distance between upper eyelids at narrowest position 

IBE Distance between posterior corners of eyes Measured distance between posterior corners of eye-balls 

SPL Supranasal length Measured from anterior to posterior edges at the longest position of supranasal 

SPW Supranasal width Measured from the outer and inner edges at the widest position of supranasal 

AG Trunk length Measured distance between axillary to groin 

BH Body height Measured at midbody position 

UAL Upper arm length Measured from anterior point insertion of the arm to elbow 

LAL Lower arm length Measured from elbow to base of palmar 

PAL Palmar length Measured from base of palmar to base of 3rd finger 

FL Femur length Measured from center of cloacal to knee 

TL Tibia length Measured from knee to base of plantar 

PLL Plantar length Measured from base of plantar to base of 3rd toe 

TAL Tail length Measured from center cloacal to tip of tail 

F5-F5 Length of fingers Measured from base of finger to tip of finger 

T1-T5 Length of toes Measured from base of toe to tip of toe 
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caudal fringe, tail square-shaped in cross-section, tip of tail 

rather white. However, the Thai specimen showed some 

morphological differences from the type specimens: 

supralabials 12-14 (eight to 11 in the holotype and 

paratype), infralabials 10/11 (nine to 10 in the holotype and 

paratype), 49 ventral scale rows at midbody (44 in the 

holotype), dorsal tubercle rounded weakly conical (dorsal 

tubercle rather rounded and flattened with a weak median 

keel holotype), nine enlarged preanal scales (eight to 10 in 

Grismer 2008).  

The specimen from Thailand shows differentiation from 

C. brevipalmatus (see Tables 2, 3, and Figure 3) by a 

number of tubercle rows at midbody (six to 10 versus 12-

18), in small femoral scale, in a number of subdigital 

lamellae on 4th toe (11-15 versus 16-19), and in tubercle of 

dorsolateral caudal row large. 

Description of the Thai specimen 

Size and general aspects. Cyrtodactylus of small size 

(SVL 54.8 mm), body slender. Tail complete (TAL 64.8 

mm), tapering, 1.2 times longer than SVL, square in cross-

section. 

Head. Head triangular in dorsal view; moderately long 

(HL/SVL ratio 0.3), 1.3 times longer than wide (HL 15.6 

mm, HW 11.6 mm); wide (HW/HL ratio 0.7); high (HH 8 

mm, HH/HL ratio 0.5), 2 times shorter than head length. 

Snout triangular-shaped in dorsal view, acuminate-shaped 

in lateral view, 1.8 times longer (SE 7 mm) than eye (EL 

3.8 mm). Canthus rostralis indistinct, rounded; loreal 

region weakly inflated. Interorbital space concave, 

narrower (IUE 2.4 mm) than internasal distance (IN 2.6 

mm); distance between anterior corners of eye-balls (IFE 4 

mm) 2 times in distance between posterior corners of eyes 

(IBE 7.8 mm). Nostrils rather rounded, 7 times closer to tip 

of snout (SN 1.1 mm) than to anterior edge of eye-ball (EN 

7.6 mm). Eyes small (EL/HL ratio 0.2), 1.8 times shorter 

than distance between snout to anterior edge of eye-ball. 

Pupil crenate, vertical. Ear opening oval (TYD 0.5 mm), 

7.6 times shorter than eye-ball diameter; distance between 

anterior edge of ear opening and posterior edge of eye-ball 

(TYE 4.6 mm) 9.2 times longer than ear opening diameter. 
 

 

Table 2. Selected measurements (mm) and morphological characters of Cyrtodactylus elok from Thailand (KKUC 0145) and Malaysia 

(ZMB64955, 70052-53) 

 

Characters 
KKUC 01145 

(Subadult) 

ZMB 64955 

Female 

ZMB 70052 

Female 

ZMB 70053 

Female 

SVL 54.8 81 83 77.4 

HL 15.6 21.6 23 21 

HW 11.6 15.6 17 15 

HH 8 9.5 10.6 8.9 

RL 1 2.1 1.7 2 

RW 1.6 2.7 4 4 

SPL 0.5 0.5 0.7 0.5 

SPW 1 1 1.4 1.2 

ML 2 3 2.8 3 

MW 1.6 2.6 2.6 2.4 

SN 1.4 2 1.8 1.9 

SE 7 8 9.8 8.2 

SS 19.8 28.5 28 28.3 

IN 2.6 2 3 14.7 

EN 4.6 6 8 6.4 

IFE 4 5.1 7.5 6.9 

IBE 7.8 10.7 14.4 12.4 

IUE 2.4 3.7 3 4.4 

EL 3.8 6 6.5 6 

TYE 4.9 6.7 8.4 6.7 

TYD 0.5 1 0.6 1.4 

AG 24 32 42 35.4 

UAL 9 12.4 13.7 12 

LAL 8 10.8 13 11 

FL 13.9 17.4 18.7 16.3 

TL 10.2 14.4 15.3 13.7 

TAL 64.8 84 - - 

Relatively finger length F4>F3>F5>F2>F1 F4, F3 >F2>F5>F1 F4, F3>F2, F5>F1 F4, F3>F2>F5>F1 

Relatively toe length T4>T3>T5>T2>T1 T4>T3>T5, T2>T1 T4>T5>T3>T2>T1 T4>T3>T4>T5>T1 

Internasal 1 1 2 1 

Tubercle row across middle body 7 7 10 6 

Ventral scale rows 49 41 52 47 

Preanal pores - - 7 minutes pit - 

Enlarged preanal scales 9 9 8 6 

Subdigital lamellae under 4th toe (9:1:6) (9:1:4) (11:1:3) (10:1:4) 
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Figure 1. Dorsal and ventral views of Cyrtodactylus elok from 

Hala‒Bala Wildlife Sanctuary in Narathiwat Province (KKUC 

01145, SVL 54.8 mm) 

 

 

 

 
 

Figure 2. Head illustration of Cyrtodactylus elok (KKUC 01145); 

lateral (upper left), ventral (lower left) and dorsal (right) views 

 

 

 

 

Body. Body slender, rather rectangular in cross-section; 

1.2 times longer (AG 24 mm) than snout-shoulder length 

(SS 19.8 mm), 2.3 times shorter than snout-vent length. 

Forelimbs. Arm moderately short and slim; upper arm 

1.1 times longer (UAL 9 mm) than lower arm (LAL 8 

mm); lower arm 2.7 times longer than hand (PAL 3 m). F4 

long (4.6 mm); F3 (4 mm), F2 (3.7 mm) and F5 (3.4 mm) 

moderately long; F1 (2.8 mm) short. Relative length of 

fingers: F4> F3> F2> F5> F1. Webbing present. 

Hind limbs. Leg moderately short; upper leg 1.4 times 

longer (FL 13.9 mm) than lower leg (TL 10.2 mm); lower 

leg 2.4 times longer than plantar (PLL 4.3 mm). T4 long (6 

mm); T3 (5.2 mm), T5 (5 mm) and T2 (4.6 mm) moderately 

long; T1 (2.7 mm) short. Relative length of toes: T4> T3> 

T5> T2> T1. Webbing present. 
 

 
 

Figure 3. Cloacal and femoral regions comparison between 

Cyrtodactylus elok (A and B), and C. brevipalmatus (C). A 

(KKUC 01145, subadult female) and B (ZMB 70052, adult 

female) shows the absence of enlarged femoral scales. C (ZMB 

50525, adult female) shows the presence of enlarged femoral 

scales. Photographs not scaled. Arrows indicate areas on non-

enlarged and enlarged femoral scales 

 

 

 

Scalation. Rostral rectangular, 1.6 times wider (RW 1.6 

mm) than high (RH 1 mm), incomplete divided dorsally 

downward ca ½ of rostral height and terminated as Y-

shaped; posterior bordered with two supranasals and 

internasal, lateral bordered with the 1st supralabial and 

nostril. Supranasal oval, 2 times wider (SPW 1 mm) than 

long (SPL 0.5 mm); anterior bordered with rostral, 

posterior bordered with granular scales on snout region, 

separated from each other by an internasal. Internasal 

single, small, anterior bordered with rostral, posterior 

bordered with granular scales on snout region, lateral 

bordered with supranasals. Supralabials 12/14, one to 10 

equal size and then gradually reduced. Infralabials 10/11; 

1st infralabial bordered with mental, 1st and 2nd chinshields, 

2nd infralabial bordered with 2nd chinshield and 

subinfralabials, infralabials three to 11 bordered with 

subinfralabials. Snout region homogeneous granular scales. 

Upper eyelids granular scales with few dome weakly 

conical tubercles. Interorbital region homogeneous granular 

scales. Occipital region granular scales with few dome 

weakly conical tubercles. Temporal region granular scales 

with few dome weakly conical tubercles. Loreal region 

homogeneous granular scales. Mental triangular, 1.3 times 

wider (MW 2 mm) than long (ML 1.6 mm); lateral 

bordered with 1st infralabial; posterior bordered with 1st 

chinshield. 1st chinshield trapezoidal; anterior bordered 

with mental, and 1st infralabial; posterior bordered with 

small subinfralabials. 2nd chinshield rather rounded, smaller 

than 1st chinshield; anterior bordered with 1st chinshield, 

and first-two infralabials; posterior bordered with small 

subinfralabials. Subinfralabials oval, separated into two 
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rows; bordered with 2nd-6th infralabials and granular gular 

scales. Gular region homogeneous granular scales. Dorsal 

granular scales mixed with dome weakly conical tubercles. 

Dorsal tubercle rows across neck, midbody, and before 

vent: zero, seven, and three, respectively. Ventral scales 

rounded, overlapping; 49 ventral scale rows at midbody. 

Ventrolateral fold poorly defined. Preanal scales enlarged; 

femoral pores absent. Femoral scales not enlarged, equal 

size with scales on ventral part of thigh. Preanal pores 

absent. Dorsal part of upper arm homogeneous granular 

scales, ventral part rounded homogeneous scales. Dorsal 

part of lower arm homogeneous granular scales, ventral 

part rounded homogeneous scales. Palmar: dorsal part 

granular scales, ventral part rounded scales. Finger distal 

and basal subdigital lamellae separated by small scales. 

Finger subdigital lamellae formula: F1 (7:1:3), F2 (8:1:5), 

F3 (9:1:5), F4 (10:1:3), F5 (8:1:5). Dorsal part of upper leg 

granular scales mixed with dome weakly conical tubercles, 

ventral part rounded homogeneous scales. Dorsal part of 

lower leg granular scales mixed with dome, weakly conical 

tubercles, ventral part rounded homogeneous scales. 

Plantar: dorsal part granular scales, ventral part rounded 

scales. Toe distal and basal subdigital lamellae separated 

by small scales. Toe subdigital lamellae formula: T1 

(7:1:5), T2 (9:1:4), T3 (10:1:6), T4 (9:1:6), T5 (6:1:4). 

Dorsal part of tail granular scales mixed with conical 

tubercles throughout the tail; ventral part round, small 

subcaudal scales, no enlarged subcaudal scales. 

Ventrolateral caudal spiny, alternation of a long spine and 

2-3 short spines; prehensile-tailed present. 

Coloration (in preservative). Dorsal part of head, 

body, forelimbs, hind limbs and tail grayish brown (tail tip 

white); pair of deltoid marking on nuchal, six pale dark 

brown narrows transverse bands on body; four dark brown 

caudal bands. Ventral part of head, body, forelimbs, hind 

limbs and tail grayish brown alternated with the dark 

brown ring of caudal bands. 

Coloration (in life). not available. 

Discussion 

Description of a species of C. elok in the present work 

was based on a single subadult female, therefore secondary 

sex characteristics such as preanal and femoral pores were 

not available. However, the specimen is clearly belonging 

to C. elok by comparison with taxonomic works of other 

prehensile-tailed species. Since C. elok has been described 

as new to science in 1979 by J.C.M. Dring, the species was 

not recorded outside Malaysia, only new localities and 

specimens were added to the knowledge on C. elok 

(Grismer 2008; Hervey et al. 2016). The present work 

added one additional specimen to the species. In an aspect 

of the distribution of the species, we added Thailand as the 

second country of its distribution range (Figure 4). 

Although the addition of the present work brings the 

number of Thai prehensile-tailed Cyrtodactylus to three 

species (i.e., C. brevipalmatus, C. elok, and C. 

interdigitalis), intensive investigation in terms of taxonomy 

and distribution of this group is still required. Before 1993, 

only one species of the prehensile-tailed Cyrtodactylus was 

known to be found in Thailand: C. brevipalmatus. Smith 

(1923) described this species based on two specimens from 

“Khao Luang, Nakhon Si Thammarat Mountains”. 

Subsequent work by Taylor (1963) included C. 

brevipalmatus in the lizard fauna of Thailand but no 

addition specimens were included in this work. Later, 

Ulber (1993) described another new species of the 

prehensile-tailed Cyrtodactylus named C. interdigitalis on 

the basis of five new specimens collected from Phetchabun 

Province (Nam Nao National Park) by the late Jarujin 

Nabhitabhata in 1991. This discovery brought the number 

of this group to two species. Subsequent works such as 

books and checklists included these two species in the 

fauna of the country (Nabhitabhata et al. 2004; 

Nabhitabhata and Chan-ard 2005; Das 2010; Chuaynkern 

and Chuaynkern 2012; Chan-ard et al. 2015). 

 

 
 

Table 3. Comparison of Cyrtodactylus elok and other prehensile-tailed species from Thailand 

 

Characters/species 
C. elok 

Thailand 

C. elok 

Malaysia 

C. elok 

Lit. 

C. brevipalmatus 

BMNH 1946.8.23.11 

C. brevipalmatus 

Lit. 

C. interdigitalis 

Lit. 
       

SVL maximum 54.8 83 67.5 63 71 80 

Infralabials 10-11 10-12 9 10-9 10-10 10-12 

Tubercles across midbody 7 6-10 5-10 16 18 18-22 

Ventral scales 49 41-52 44 40 37 37-42 

Number of enlarged preanal scales 9 6-9 8 9 7-10 14 

Number of preanal pores 0 0, 7 pit 0 (   8) 9 0 (   9-10) 0 (    14) 

Enlarged femoral scales No No No Yes Yes yes 

Number of femoral pores  0 0 0 6-7 0 (   6-7) 0 (   8-9) 

Tubercles on forelimbs No No Yes Yes Yes Yes 

Ventrolateral fold Poor Poor Poor Distinct Distinct Distinct 

Tubercle of dorsolateral caudal rows Large large Large Small Small Small 

Number of subdigital lamellae on 4th toe 15 11-14 18-19 13 18-20 18-20 

Two level of ventrolateral caudal fringe Yes Yes Yes No - No 

Contact of posterior thigh scales abrupt No No No Yes Yes Yes 

Tail in cross-section Square Square Square Slightly  circular Slightly circular Slightly circular 

1/3 tip of tail rather white color Yes Yes Yes No - No 

Caudal segment  Wide wide Wide Narrow Narrow Narrow 
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Figure 4. Known distribution of Cyrtodactylus elok (localities of C. brevipalmatus, C. elok [for outside Thailand], C. durio, C. lateralis, 

and C. stresemanni obtained from Harvey et al. 2016) 

 

 

 

The prehensile-tailed Cyrtodactylus comprises of two 

clades (Harvey et al. 2016), the mainland SE Asian clade 

(including C. elok, C. interdigitalis, and C. brevipalmatus) 

and the insular clade (including C. durio, C. lateralis, C. 

nuaulu, C. serratus, C. spinosus, and C. stresemanni). 

Within the mainland SE Asian clade, DNA sequence data 

based on the NADH Dehydrogenase two-gene (ND2) 

supports a close relationship between C. elok (from 

Malaysia), and C. interdigitalis (from Lao PDR). 

Unfortunately, DNA sequence data of C. brevipalmatus 

was not available for this analysis. In Harvey et al. (2016), 

phylogeny based on morphology with three species added 

to original hypothesis of Grismer et al. (2010) supports a 

close relationship between C. elok and C. brevipalmatus 

with C. interdigitalis as a sister species to this clade. 

Therefore, adding of DNA sequence of C. brevipalmatus in 

further phylogenetic analysis is still required for 

discovering the phylogenetic position of C. brevipalmatus. 

Particular the prehensile-tailed Cyrtodactylus recorded 

from Thailand, the intensive study of taxonomy is still a 

revision. Since the first species of this group (C. 

brevipalmatus) has been discovered in 1923 (Smith 1923), 

their extended distribution was added in several works 

(Cox et al. 1998; Nabhitabhata et al. 2004; Nabhitabhata 

and Chan-ard 2005; Grismer 2008; Das 2010; Chuaynkern 

and Chuaynkern 2012; Chan-ard et al. 2015) but such 

works did not provide information on voucher specimens. 

Furthermore, the second species (C. interdigitalis) was 

recorded wider distribution than previously known 

(Nurngsomsri et al. 2014). Therefore, additional specimens 

of this group from overlapping areas (southern part upward 

through the western to northern Thailand) between C. 

brevipalmatus and C. elok, and as well as in the area 

connected of northern and northeastern Thailand are 

important for the intensive study in the future. 
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Abstract. Praptosuwiryo TNg, Mumpuni M. 2018. Chromosome numbers of some species of Pteris (Pteridaceae) in Java, Indonesia. 

Biodiversitas 19: 2118-2126. Pteris L. (Pteridaceae) is a large fern genus consisting of about 250 species which distributed 

predominantly in tropical and subtropical countries. The genus grows in a diversity of ecosystems, either terrestrially or lithophytically, 

although most species occur in the forest. A study of the cytology of Pteris in Java is being undertaken for the conceptual understanding 

of the interrelationships between various fern species in the Malesian region. This aims of our study are: (1) to observe somatic 

chromosome number of some species of Pteris in Java; (2) to determine the reproduction types of the observed species by counting the 

spore number per sporangium; (3) to discuss polyploidy in the species in relation to plant morphological variation across their 

geographical distribution. Chromosome counts for eight species are reported. Pteris biaurita is an apogamous diploid species (2n = 58). 

Pteris ensiformis var. ensiformis has chromosome numbers of 2n = 87 (apogamous triploid) and 2n = 116 (sexual tetraploid), while                 

P. ensiformis var. victoriae has a chromosome number 2n = 58 and is a sexual diploid. Pteris fauriei is an apogamous triploid species 

(2n = 87). Pteris longipinnula has a chromosome number of 2n = 116 (tetraploid). Pteris multifida and P. vittata are sexual tetraploids 

(2n=116). Pteris tripartita has two ploidy levels (sexual diploid and tetraploid). Another currently unplaced Javanese Pteris sp. has 2n = 

87 (apogamous triploid). Diploid P. biaurita, tetraploid P. ensiformis, triploid P. fauriei, diploid P. tripartita, and teraploid P. vittata are 

new record cytotypes for Central Java. Polyploidy in the genus in relation to plant morphological variation across its geographical range 

is discussed.  

Keywords: Chromosome, Java, Pteris 

INTRODUCTION  

Chromosome number is the most basic feature 

concerning the genome of a species (Peruzzi et al. 2012). 

Analyses of chromosome numbers are very important as 

they represent a fundamental step in the study of any group 

of organisms. Chromosome counts provide indispensable 

information on genetic discontinuities within and among 

species, and they contribute for the understanding of 

phylogenetic relationships at all taxonomic levels 

(Windham and Yatskievych 2003). Cytological studies 

have resolved various taxonomic problems and have 

revealed details of evolutionary patterns and speciation 

processes in Pteridophytes (Lovis 1977). Because it is 

considered that ferns have been developed in evolution by 

hybridization and doubling (Wagner 1954).  

As pointed out by Ivanova & Pie˛kos-Mirkowa (2003) 

polyploidy seems to be the most important processes 

among the processes that have played significant roles in 

pteridophyte differentiation and speciation in ferns. 

Cytological and cytogenetic investigations have revealed 

that polyploidy is very common in Pteridophyta. It was 

estimated that polyploidy in ferns as high as 95% (Walker 

1979; Grant 1981). The majority of polyploid ferns appear 

to be allopolyploids, and the success of polyploidy seems 

closely associated with hybridization (Bir 1988, Cubas 

1989). 

Pteris is a fairly large fern genus which consisting of 

about 250 species (Holttum 1954; Tryon et al. 1990). 

Morphologically, Pteris species are recognized by their 

marginal sori supported by a collecting vein and protected 

by an indusium formed by the reflexed lamina margin, and 

by trilete spores which are usually with an equatorial 

cingulum (Holttum 1954; Martínez 2016). Pteris contains 

herbaceous perennials with short-creeping to erect, usually 

compact rhizomes, stalked fronds with laminae divided into 

a simply pinnate to bipinnate arrangement, or sometimes 

tripartite, usually with the basal pinnae bearing an enlarged 

basiscopic pinnule (Holttum 1966; Prado and Windisch 

2000; Martínez 2011). It is a cosmopolitan fern genus 

which distributed in temperate, subtropical, and tropical 

regions of the world, extending to the south in China, New 

Zealand, and Tasmania, west to South Africa, north to 

Korea and Japan, across the United States, as well as the 

Mediterranean region of Europe (Copeland 1947; Tryon 

and Tryon 1982). This genus grows either terrestrially or 

lithophytically (on rocks) on a diverse ecology although 

most species occur in forest, frequently secondary forests 

in opening or along rocky stream banks, coastal areas and 

xeric niches (Copeland 1947; Chao et al. 2014).  
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Many species of Pteris have several ploidy levels 

(Walker 1966; Wang 1989; Praptosuwiryo 2003; 

Praptosuwiryo and Darnaedi 2008; Chao et al. 2012a, 

2012b; Jaruwattanaphan et al. 2013; Nakato and Ebihara 

2016) and are found in several geographical areas, such as 

P. cretica and P. vittata (Manton 1950; Khare and Kaur 

1983; Wang 1989) which likely reflect the ecological 

differentiation within species. The first extensive 

cytological study of the genus Pteris was carried out by 

Walker (1966). This study included 82 species and reported 

that the base number of chromosomes in Pteris is 29. 

Recently data on the cytological of 106 Pteris species were 

reviewed by Chao et al. (2012b). It is presumed that about 

60% of Pteris species are polyploids, including triploids, 

tetraploids, pentaploids, hexaploids, and octoploids 

(Walker 1956, Kuriachan and Ninan 1976; Wang 1989; 

Chao et al. 2012b). 

It is estimated that Sout East Asia has about 80 species 

of Pteris (Schneider and Rusea 2003). Malesian region has 

more than 40 species of Pteris. In Java, Backer and 

Posthumus (1939) recorded 19 species of Pteris. 

Praptosuwiryo (2013) reported two new species record of 

Pteris for Java, namely P. insignis and P. walichiana, from 

Mount Slamet. Nevertheless recently reports on the 

cytological study of this genus in Malesian region are only 

a few. The first cytological record on Pteris of Jawa was 

reported by Walker (1962), viz. diploid type of P. biaurita, 

but he did not mention the specific locality of the voucher 

specimen. Darnaedi (1992) reported three species from 

Gede-Pangrango National Park, West Java, namely:          

P. biaurita, P. pellucida, and P. longipinnula. Zubaidah 

(1998) studied cytology of P. biaurita in East Java. 

Praptosuwiryo (2003) reported one species from Lombok 

Island, P. venulosa Bl. (2n = 3x). Praptosuwiryo and 

Darnaedi (2008) reported chromosomes account on six 

wild species of Pteris from Bogor Botanic Gardens, viz.:  

P. biaurita (2n = 58), P. ensiformis (2n = 116), P. fauriei 

(2n = 87), P. multifida (2n = 116), P. tripartita (2n = 58 

and 2n = 116) , and P. vittata (2n = 116). Hastuti et al. 

(2011) reported two ploidy level of P. multifida, 

apogamous triploid (2n=3x) and sexual tetraploid (2n=4x). 

Mumpuni et al. (2015) studied on the intraspecific 

polyploid of P. vittata from Java and found apogamous 

pentaploid (2n=5x) and sexual tetraploid (2n=4x). Efendi et 

al. (2014) reported chromosome account of Pteris 

ensiformis var. victoriae (2n=58 and 2n=87) and var. 

ensiformis (2n=116). 

Here we continue cytological study on Pteris of the 

Malesian fern flora by choosing some species of Pteris and 

collecting plants material from some localities of Java. This 

study contributes to the interrelationships concepts of the 

various fern species in Malesian region, especially to 

support data that may be helpful to phylogenetic studies of 

the genus Pteris. The aims of this study are: (i) to observe 

somatic chromosome number of some species of Pteris in 

Java; (ii) to determine the reproduction types of the 

observed species by counting the spore number per 

sporangium; (iii) to discuss polyploidy in the species in 

relation to plant morphological variation across their 

geographical distribution.  

MATERIALS AND METHODS  

Plant specimen 

A number of living plants specimen for the cytological 

studies were collected from the natural population of some 

locations in Java (Table 1.). Collected specimens were 

identified by consulting Backer and Posthumus 1939, 

Holttum (1966), and Edie (1978). Voucher specimens were 

deposited at BOHB (Herbarium of Bogor Botanical 

Gardens). 

Chromosome observation 

Preparation of chromosome samples was carried out by 

using squash method as this method can be used as an 

alternative to ensure good physical separation of 

chromosomes (Fukui 1996). The preparation procedure 

followed the procedures developed by Manton (1950) and 

modified by Praptosuwiryo and Darnaedi (2008). Root tips 

were pretreatment in 0.002 M 8-hydroxyquinoline solution 

for 24 hours at 3-4º C. They were fixed in 45% acetic acid 

for 10 minutes and macerated in a mixture of CH3COOH 

45 %: I N HCl = 1 : 3 at 60º C for 3-4 minutes. The fixed 

roots were stained and squashed in aceto-orcein solution. 

Chromosome observation was carried out under the 

microscope by using 1000x magnification.  

Reproduction types observation 

Reproduction mode was determined by spore counting 

for each sporangium by following procedures described by 

Manton (1950), Knobloch (1966), Lovis 1977 and Walker 

(1979, 1984). Each individual plant was taken 10-15 spores 

for counting under a binocular microscope. The spore 

number was recorded as “64 s/s” if approximately 64 

spores each were counted at least in two sporangia, and as 

‘32 s/s” if approximately 32 spores each were counted 

(Ebihara et al. 2014). The spores number per sporangium is 

related to the reproduction mode. Plants with 64 spores 

generally have sexual reproduction, whereas those with 32 

or 16 spores usually have apogamous reproduction 

(Knobloch 1966; Walker 1984). 

RESULTS AND DISCUSSION  

New data on chromosome numbers and reproduction 

types of eight species of 33 individuals plants collected 

from five localities in Java are reported (Table 1 and Figure 

1.). There is only one ploidy level on P. biaurita, 

apogamous diploid. Pteris ensiformis var ensiformis shows 

the chromosome number of 2n = 87 (apogamous triploid) 

and 2n = 116 (sexual tetraploid), while P. ensiformis var. 

victoria reveals 2n = 58 (sexual diploid). Pteris fauriei is 

apogamous triploid (2n = 87). Pteris longipinnula shows 

chromosome number 2n = 116 (tetraploid). Pteris multifida 

and P. vittata are sexual tetraploids (2n=116). Pteris 

tripartita has two ploidy level (sexual diploid and 

tetraploid). Pteris sp. has 2n = 87 (apogamous triploid). 

New record cytotypes of Pteris for Central Java are 

reported, viz. diploid P. biaurita, tetraploid P. ensiformis, 

triploid P. fauriei, diploid P. tripartita and teraploid P. 

vittata. Discussion for each species is presented. 
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Table 1. Chromosome Number and Reproduction Types of Pteris in Java, Indonesia 

 

Species Voucher 

Chromosome 

number (2n)/ 

ploidy level 

Types of 

reproduction 
Locality 

Pteris biaurita L.  
 

TNgP 3219  

 

 

 

MM 144 

TNgP & YF 25 

TNgP & YF 17 

TNgP & NI 03 

 

 

TNgP & NI 06 

58/diploid 

 

 

 

58/diploid  

58/diploid 

58/diploid 

58/diploid 

 

 

58/diploid 

- 

 

 

 

Apogamous  

Apogamous 

Apogamous 

Apogamous 

 

 

Apogamous 

Petak 41a, Northern Slope of Mt. Slamet, Desa Karang 

Mangu, Kec. Pulosari, Kab. Pemalang (RPH Karang 

Sari, BKPH Moga, KPH Pekalongan Barat). 1300 m 

asl., Central Java. 

Bogor Botanical Gardens, West Java. Ca. 250 m asl.  

ibid. 

Ibid. 

Among Acalypa siamensis, Ngadirejo country, 

Mojosongo sub-district, Boyolali District, Central Java. 

Ca. 295 m asl. 

Near ravine and bridge, between Masahan-Wates 

Country, Mojosongo Sub-district, Boyolali District, 

Central Java. Ca. 300 m asl. 

 

P. fauriei Hieron  

 

MM 156  

TNgP & YF 11 

TNgP & NI 05 

 

 

TNgP & NI 07 

TNgP & NI 08 

TNgP & NI 10 

 

87/triploid 

87/triploid 

87/triploid 

 

 

87/triploid 

87/triploid 

87/triploid 

Apogamous 

Apogamous 

Apogamous 

 

 

Apogamous 

Apogamous 

Apogamous 

Bogor Botanical Gardens, West Java. Ca. 250 m asl. 

Ibid. 

Near ravine and bridge, between Masahan-Wates 

Country, Mojosongo Sub-district, Boyolali District, 

Central Java. Ca. 300 m asl. 

ibid. 

Ibid. 

Ibid. 

P. ensiformis var. 

ensiformis Burm. f.  

 

TNgP 2719 c  

TNgP 2719 

DD s.n. 1 May 2000  

MM 157  

MM 152  

TNgP & NI 08  

87/triploid 

116/tetraploid 

116/tetraploid 

116/tetraploid 

116/tetraploid 

116/tetraploid 

Apogamous 

- 

- 

Sexual 

- 

- 

 

 

 

Bringin, Semarang, Central Java.  

Ibid.  

Bogor, West Java. 

Bogor Botanical Gardens, West Java. Ca. 250 m asl. 

Ibid. 

Near ravine and bridge, between Masahan-Wates 

Country, Mojosongo Sub-district, Boyolali District, 

Central Java. Ca. 300 m asl. 

P. ensiformis var. 

victoriae Baker 

 

TNgP s.n.  58/diploid Sexual Bogor, West Java. 

P. longipinnula Wall. 

ex J. Agardh 

MM 161  

 

MM 163  

 

116/tetraploid 

 

116/tetraploid 

- 

 

- 

Cibodas Botanical Gardens, West Java. Ca. 1270 m 

asl. 

Ibid. 

P. multifida Poir. MM 145 

 

116/tetraploid Sexual Paledang, Bogor, West Java. 250 m asl.  

P. tripartita Sw. 

 

MM 158 

MM 142  

MM 148  

TNgP & YF 04 

TNgP & YF 26 

TNgP s.n. (20 Feb. 

2015) 

TNgP s.n. (13 Arpil 

2015) 

TNgP & NI 04 

 

 

58/diploid 

116/tetraploid 

116/tetraploid 

58/diploid  

58/diploid  

58/diploid  

 

58/diploid  

 

58/diploid 

 

 

 

Sexual 

- 

- 

Sexual 

Sexual 

Sexual 

 

Sexual 

 

- 

 

 

 

Bogor Botanical Gardens, West Java. Ca. 250 m asl.  

ibid. 

Ibid. 

Bogor Botanical Gardens, West Java . Ca. 250 m asl. 

ibid.  

Ibid.  

 

Bogor Botanical Gardens, West Java.  

 

Among Acalypa siamensis plants,  

Ngadirejo country, Mojosongo sub-district, Boyolali 

District, Central Java. Ca. 295m asl.  

P. vittata L. 
 

MM 149  

TNgP & NI 02 

116/tetraploid 

116/tetraploid 

Sexual 

Sexual 

Paledang, Bogor, West Java Province. Ca. 250 m asl. 

Ngadirejo Country, Mojosongo Sub-district, Boyolali 

District, Central Java. Ca. 285 m asl.  

 

Pteris sp. 

 

MM 185  87/triploid Apogamous Curug Nangka, Bogor , West Java. 

Note: DD = Dedy Darnaedi; MM = Mugi Mumpuni; NI = Niko Islamika; TNgP = Titien Ng. Praptosuwiryo; YF = Yogi Febriyanto. 
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Pteris biaurita L.  

Pteris biaurita is regarded as a pantropic species and 

occurs both in lowland and mountains, in moist places. It is 

differentiated from other species of Pteris by characters as 

follows: Basal pinnae branched but not longer than the 

others; the lamina on the basiscopic side of the midrib of a 

pinna is nearly wider than that on the acroscopic side; veins 

forming a regular series of narrow areoles on the side of the 

costa (Holttum 1966). The thin leaf brake fern P. biaurita 

L. in Java usually is found in semi opened and or shady 

places with humid condition on humus-rich soil as well as 

on semi-sandy soil (Backer and Posthumus 1939).   

The beginning chromosome account of P. biaurita was 

reported by Walker (in Manton and Sledge 1954), 

Abraham et al. (1962), Walker (1962, 1966) and Roy and 

Sakya (in Fabbri 1963). They found the diploid type of P. 

biaurita. Apogamous diploid of P. biaurita was first 

reported from Jamaica (1966). Praptosuwiryo and Darnaedi 

(2008) reported apogamous diploid of P. biaurita growing 

spontaneously in the Bogor Botanic Gardens in moist and 

fairly shady place.  

In the present study, two individuals of P. biaurita from 

West Java (MM 144 ) and Central Java were found to be a 

diploid apogamous with 32 spores per sporangium. Punetha 

and Sen (1989) reported P. biaurita from Kumaon 

(northwest Himalaya) as apogamous triploid, chromosome 

number n = 87 with 32 spores per sporangium. In Malang, 

East Java, Zubaidah (1998) found apogamous diploid and 

apogamous tetraploid P. biaurita. Interestingly, we 

recognize three cytotypes of P. biaurita in its distribution 

area, namely apogamous diploid, apogamous triploid and 

apogamous tetraploid, but we have not found its sexual 

types, yet. Further cytotaxonomical studies are needed to 

unravel this species complex.  

Pteris ensiformis Burm. f.  

Pteris ensifromis is distributed in Ceylon and South 

India, North India and China, through Malesia to Australia 

and Polynesia (Holttum 1966). This species is 

conspicuously common fern in Java. In Java, this species 

consists of two varieties, namely P. ensiformis var. 

ensiformis and P. ensiformis var. victoriae. The first 

variety is widely distributed in Java, whereas the second 

variety is commonly found as ornamental cultivation and 

the locality of origin is not reported. The two varieties are 

distinguished by the coloration of the lamina. Pteris 

ensiformis var. ensiformis has full green color of lamina 

whereas P. ensiformis var. victoriae shows white and green 

coloration of lamina.  

It was observed that the two varieties of P. ensiformis 

also show differences in chromosome number or ploidy 

level. Pteris ensiformis var. ensiformis has two ploidy 

levels, viz. sexual tetraploid (2n = 116) and apogamous 

triploid ( 2n = 87), whereas P. ensiformis var. victoriae 

shows only sexual diploid (Table 1.) Cytological 

information on P. ensiformis is more distributed than other 

species of Pteris. Brownlie (1965) recorded n = 58 from 

Kalabere, New Caledonia, without information of its spore 

number per sporangium or reproduction type. Wang (1989) 

reported sexual tetraploids with n=58 from Chine without 

information on its variety. Tetraploid sexual was also found 

in Jamaica (Walker 1966). Efendi et al. (2014) reported 

new cytotypes of Pteris ensiformis var. victoriae and one 

cytotype of var. ensiformis from Indonesia; Pteris var. 

victoriae with 2n=58 (sexual diploid) was from Gorontalo, 

North Sulawesi, and 2n=87 (triploid) from Lombok Island 

and Bogor, West Java, and P. ensiformis var. ensiformis 

with 2n=116 (sexual tetraploid). 

Pteris fauriei Hieron. In comparison with the closely 

related species of P. fauriei, P. latipinna Y.S.Chao & 

W.L.Chiou, Chao et al. (2017) described the morphological 

diagnostic characteristics of P. fauriei var. fauriei as 

follows. Lamina 15-40 cm long, 10-35 cm wide; 

length/width ratio 1.2-1.5. Lateral pinnae of sterile fronds 

2-7 pairs, straight, sessile or short petiolate, lanceolate, not 

narrowed at base, 2-3.5 cm width; basal pinna-segments 

free to the rachis. Terminal pinnae are smaller than lateral 

pinnae. Pteris fauriei is distributed in Japan, China, the 

Ryukyu Islands, Taiwan and Vietnam (Shieh 1975, 1994). 

Roy and Holttum (1965) reported diploid P. fauriei 

from Southern China. Kato et al. (1992) reported apomixes 

triploid of P. fauriei of Yunnan, Southwestern China. In 

Taiwan, two varieties of P. fauriei have been confirmed, 

and both varieties have different cryptic characteristics and 

prefer different niches (Chao et al. 2017). Pteris fauriei 

Hieron. var. fauriei, apomictic and triploid (2n = 87), 

usually has herbaceous laminae and prefers cooler sites; P. 

fauriei var. minor Hieron., sexual and diploid (2n = 58), 

usually has coriaceous laminae and is found in warmer 

sites (Huang et al. 2006, Huang et al. 2007). The two 

varieties can also be differentiated by their gametophyte 

characteristics. Pteris fauriei var. minor produces 

sporophytes by sexual mode, whereas P. fauriei var. fauriei 

produces sporophytes by apogamy (Huang et al. 2006). In 

Taiwan, in general, triploids are found at higher elevations 

than the diploids (Huang et al. 2007). Roy and Holttum 

(1965) stated that P. fauriei of China and Japan belongs to 

the complex of P. quadriaurita Ret. 

Pteris longipinnula Wall. Ex J. Agardh.  

The first record on chromosome account of P. 

longipinnula was reported by Walker (1962). Walker 

(1962) found three cytotypes of P . longipinnula, viz. 

diploid (2n = 58), triploid (2n = 87), and tetraploid (2n = 

116). Present study only reported two individuals of 

tetraploid collected from Mt. Gede, Gede-Pangrango 

National Park, West Java. Darnaedi (1992) also reported a 

tetraploid type (2n=116) from Mt. Gede. Diploid and 

triploid type of P. longipinnula have not been recorded 

from Java.  

Holttum (1966) stated that P. longipinnula is one of the 

species of the group of P. quadriaurita, which is so 

polymorphic in the tropics of both Old and New Worlds. 

Holttum (1966) explained that typically P. longipinnula has 

green stipe and rachis, broad pinnae narrowed at the base 

and caudate at the apex, the lobes broad, with sori almost 

from base to apex, the veins only once forked, the costal 

spines short and costular spines few. Based on specimens 

collected from Malay Peninsula, Holttum (1966) 

recognized three groups of specimens which are out of the 
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typical forms: (i) with narrower pinnae, the lowest 

branched; (ii) with somewhat narrower pinnae which are 

often broadly cuneate at the base and only slightly caudate 

at the apex, narrower and closer lobes, the basal pinnae 

branched, stipe and rachis more or less flushed with purple. 

This group comes somewhat between P. longipinnula and 

P. asperula J. Sm.; (iii) Pinnae narrow (lowest 2,5-3,5 cm 

wide), with 10-24 pairs of veins, rather shortly caudate; 

veins forked well above their bases; lobes about 5 mm wide 

above the base; basal pinnae forked; old stipes and rachis a 

little flushed with purple. These plants are intermediate 

between P. biaurita and P. longipinnula. Further studies 

for these complex species from their geographical range 

should be done to unravel their status. As stated by 

Holttum (1966) that many specimen collections that cover 

all stages of development, from young to fully mature 

plants must be studies before we can judge their status. The 

morphological variation occurs owing to environmental 

differences should be found out to judge their status. 

Therefore further study on the cytotaxonomy of                

P. longipinnula and its closely related species need to be 

done. 

Pteris multifida Poir.  

The spider brake fern, P. multifida, is recognized by 

morphological characters as follow: Lamina simple 

pinnate; terminal pinnae linear-oblanceolate; lateral pinnae 

1-4 pairs; basal pinnae 1-3 branched; upper portion of 

rachis winged (Edie 1978). Morphologically, P. multifida is 

similar to P. cretica. However, the differentiation between 

two species can be recognized by the following 

characteristics. The mature lower pinnae of P. multifida 

regularly show both acroscopic and basiscopic lobes. In P. 

cretica, lobes are formed on the basiscopic sides only. The 

decurrent part of terminal pinnae of P. multifida are longer 

and run parallel to the rachis, whereas the decurrent part of 

the terminal pinnae of P. cretica are shorter. Pteris 

multifida is widely distributed in China and Japan, and also 

widely cultivated in other countries (Roy and Holttum 

1965). 

Cytological observations of the spider brake fern have 

been carried out by several researchers, such as in South 

China (Roy and Holttum 1965),) Japan (Mitui 1980), 

Ceylon, Hongkong, Himalaya (Walker 1962), and Java 

(Praptosuwiryo and Darnaedi 2008). Results of these 

studies revealed that P. multifida has infraspecific 

variation. Three ploidal levels were found, namely diploid 

type (Walker 1962), triploid type (Praptosuwiryo and 

Darnaedi 2008), and tetraploid type (Walker 1962; Roy and 

Holttum 1965; Mitui 1980; Praptosuwiryo and Darnaedi, 

2008).  

We report only one individual cytological record for P. 

multifida, viz. MM 145 with tetraploid sexual (Fig). 

Recently a cytological study on P. multifida from Bogor, 

West Java, also showed two ploidy level, namely 

apogamous triploid (2n = 87) and sexual tetraploid (2n = 

116) (Hastuti et al. 2011). The two cytotypes are very hard 

to be differentiated morphologically, but anatomically the 

two cytotypes can be differentiated by their epidermal cell 

number. The sexual tetraploid type has a greater number of 

epidermal cell than those apogamous triploid type. 

Pteris tripartita Sw.  

Pteris tripartita, in abroad sense, is very widely 

distributed in the tropics of the Old World (including 

Africa), Australia and Polynesia (Holttum and Roy 1965, 

Holttum 1966). This species can be found in the lowlands 

and at moderate elevations on the mountains, in open 

ground, well-drained but moist places. P. tripartita can be 

recognized by diagnostic characters as follow: Frond 

tripartite, the middle branch deeply bipinnatifid. The lateral 

branches as long as the middle branch, each with large 

secondary bipinnatifid branch on the lower side towards the 

base, the lowest basal pinna on this branch usually bearing 

several pinnatifid leaflets on its lower side, the lamina on 

its upper side lobed as in the other pinnae. The texture of 

lamina thin, herbaceous; veins forming a series of narrow 

costa areoles, each the series of costa areoles continuous 

from one costule to the next, a series of shorter areoles on 

either side of the costule almost to its apex (Holttum 1966).  

All plants so named hitherto examined cytologically 

before Holttum and Roy (1965) have been tetraploid. Now, 

in this study, we report two cytological types of  P. 

tripartita, diploid and tetraploid. Recently finding of 

tetraploid plants of Jawa was reported by Praptosuwiryo 

and Darnaedi (2008). The first diploid of P. tripartita was 

reported by Holttum and Roy (1965) from New Guinea, 

East Malesia. Diploid type of P. tripartita from West 

Malesia (West Java: wild plants of Bogor Botanical 

Gardens) was reported by Praptosuwiryo and Darnaedi 

(2008). The diploid type of P. tripartita from New Guinea 

has venation typical of P. tripartita, but lobes of pinnae are 

closer together than in the lowland form of the species 

which is common in Malaya (Holttum and Roy 1965). 

However, Praptosuwiryo and Darnaedi (2008) did not find 

the morphological differences between the diploid and 

tetraploid type of P. tripartita in West Java. Further studies 

dealing with cytomorphology of P. tripartita in its areas 

distribution range are needed. 

Pteris vittata L.  

Pteris vittata is very widely distributed in the tropics 

and subtropics of the Old World. This plant is also one of 

the common species in Java. In Java, it can be found from 

the lowlands to the higher coverage until approximately 

2000 m, in the open, sunny to the slightly shaded area, 

steep earth, and rock wading, on old walls, especially on 

limestone rocks, also occurring elsewhere, often in great 

numbers together (Backer and Posthumus 1939).  

This species is very easy to be recognized in the field 

by diagnostic characters as follow: Frond simply pinnate 

with a terminal pinna like the lateral ones; pinnae 

numerous, 1-4 cm apart, middle ones longest, basal ones 

gradually reduced and often very short, upper ones only 

slightly reduced and much shorter than the terminal pinna 

except in larger fronds, all pinnae sessile and oblique. 

Veins free, nearly at right angle to the costa, usually forked 

near the costa. Sori continuous from near the base to near 

the apex of each pinna (Holttum 1966). This species is 

highly valued as an ornamental plant (Srivastava et al. 
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2007). It has recently been reported as phytoremediator; 

this species can accumulate a large concentration of arsenic 

in its aboveground biomass (up to 23,000 mg per kg) (Ma 

et al. 2001). 

Cytological study on the ladder brake fern P. vittata is 

very interesting as this species is widely distributed in the 

world with multi-level habitats. Cytological study on        

P. vittata from Chine by Wang (1989) showed that this 

species is a species complex which includes several 

cytotypes. Wang (1989) reported a sexual tetraploid from 

south Guangdong and south Yunnan. He also added that  

there were a sterile triploid with the chromosome number 

of n=201Ⅰ+26Ⅱ+5Ⅲ and a sterile tetraploid hybrid with 

the chromosome number of n=9Ⅰ+45Ⅱ+3Ⅲ+21Ⅴ from 

south Yunnan and south Guangdong respectively. As stated 

by Wang (1989) the distribution pattern of different 

cytotypes in P. vittata complex may indicate that the 

tropics is more favorable to the formation and surviving of 

polyploid than the subtropics. However, Wang (1989) also 

stated that its natural ancestral diploid had been widely 

found in the subtropical regions of China, such as Sichuan, 

Guizhou, Yunnan and Hubei Provinces.  
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Figure 1. Somatic chromosome numbers of Pteris. A. Pteris biaurita (TNgP & YF 25, 2n = 58); B. Pteris fauriei (MM 156, 2n = 87); 

C. Pteris ensiformis var ensiformis (TNgP & NI 08, 2n = 116); D. Pteris tripartita (MM 142, 2n = 116); E. Pteris tripartita (TNgP & 

YF 26, 2n = 58); F. Pteris multifida (MM 145, 2n = 116); G. Pteris sp. (MM 185, 2n = 87); H. Pteris fauriei (TNgP & NI, 2n = 87); I. 

Pteris longipinnula (MM 163, 2n = 116); J. Pteris vittata (TNgP & NI 02, 2n=116). Scale bar = 10 µm for all. 

 

 

 

 

As reviewed by Chao et al. (2012), the Chinese ladder 

brake P. vittata shows considerable morphological 

variations and wide geographical distribution throughout 

the world. Diverse ploidy levels and reproductive modes 

have been recorded, including sexual diploids, triploids, 

sexual and apogamous tetraploids, pentaploids, and 

hexaploids (Grant 1981; Walker 1962; Khare and Kaur 

1983a; Wang 1989; Tsai and Shieh 1984; Roy et al. 1971; 

Kato et al 1992; Mitui 1976; Srivastava et al. 2007). The 

variability of the ploidy in P. vittata revealed that we are 

dealing with an apogamic species-complex (Brullo et al. 

1982), as has already been verified in other species of this 

genus (Walker 1962; Verma and Khullar 1965). Among 

these polyploids, tetraploid is the most common whereas 

pentaploid and triploid are rare (Khare and Kaur 1982b).   

A similar situation was also reported from Java, pentaploid 

P. vittata were rarer among the most common cytotype, 

tetraploid type (Mumpuni et al. 2015).  

Diploid type of P. vittata is also rare in the world. 

Sexual diploid was found in Yunnan, Southwestern China 

(Kato et al. 1992). Bronwlie (1965) reported P. vittata with 

chromosome number n = 58 from Kalabere, New 

Caledonia, but there was no information on its type 

reproduction of this record so that we do not recognize 

whether this record was apogamous diploid or sexual 

tetraploid. Cytological surveys on P. vittata conducted by 

Srivastava et al. (2007) in India indicated that at least four 

cytotypes, namely diploid, triploid, pentaploid and 

hexaploid, are threatened in their native habitats. The 

diploid type of P. vittata from the Malesian region has not 

been reported yet (Praptosuwiryo and Darnaedi 2008; 

Mumpuni et al. 2015). Therefore most of the cytotypes of 

P. vittata reported from many locations in the world were 

tetraploid. 

In this study, P. vittata is found to be tetraploid sexual 

(2n = 116). This plant was collected from lowland areas, 
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ca. 250-300 m asl. Cytological observation of P. vittata of 

Himalaya (Bowali, Kumaon, Nortwest Himalaya) which 

was growing at 1800 m asl. revealed sexual diploid (2n = 

58) (Punetha and Sen 1989). It is clearly proved that the 

ploidy level in P. vittata is not affected by altitude. 

Recently the cytological report on P. vittata in Java 

(Mumpuni et al. 2015 ) showed also that the ploidy level of 

this species was not affected by altitude. The tetraploid and 

pentaploid P. vittata were found in both lowland and 

mountainous area.  

The cytological data of Pteris in Java has given an 

evident that Indonesia is one the centers speciation of 

Pteris in the world. Walker (1962) stressed that Pteris had 

many centers of speciation, mainly the West Indies and 

Central America, Madagascar, Indonesia, New Guinea, the 

Philippines, and the Sino-Japanese area. Table 1. also 

indicates several patterns of speciation on the fern genus 

Pteris in Java have been occurred, namely polyploidy and 

breeding structure. Of eight species of Pteris investigated 

from Java, seven species have polyploid types. The 

dynamic aspect of ploidal evolution was pointed out by 

Haufler (1987). Speciation is the formation of a species. 

Polyploidy is now widely recognized as one of the 

principal methods for the formation of new species among 

the higher plants (Stebbins 1950). Two breeding structure 

are occurred in Javan Pteris, namely sexual and 

apogamous.  

In conclusions, all species of Pteris have basic 

chromosome number x = 29. Pteris biaurita is apogamous 

diploid (2n = 58). Pteris ensiformis var ensiformis shows 

the chromosome number of 2n = 87 (apogamous triploid) 

and 2n = 116 (sexual tetraploid), while P. ensiformis var. 

victoriae reveals 2n = 58 (sexual diploid). Pteris fauriei is 

apogamus triploid (2n = 87). Pteris longipinnula shows 

chromosome number 2n = 116 (tetraploid). Pteris multifida 

and P. vittata are sexual tetraploids (2n=116). Pteris 

tripartita has two ploidy level, viz sexual diploid ( 2n = 58) 

and sexual tetraploid (2n=116). Pteris sp. has 2n = 87 

(apogamous triploid). Another currently unplaced Javanese 

Pteris sp. has 2n = 87 (apogamous triploid). New record 

cytotypes of Pteris for Central Java are reported, viz. 

diploid P. biaurita, tetraploid P. ensiformis, triploid          

P. fauriei, diploid P. tripartita and teraploid P. vittata. The 

cytological data of Pteris in Java has given an evident that 

Indonesia is one of the speciation centers of Pteris in the 

world. Discussing ploidy in the species of Pteris in relation 

to plant morphological variation across their geographical 

distribution revealed that Pteris has many centers of 

speciation in the world, notably the West Indies and 

Central America, Madagascar, Indonesia, New Guinea, the 

Philippines, and the Sino-Japanese area. The distribution 

pattern of different cytotypes in Pteris may indicate that the 

tropics is more favourable to the formation and surviving 

of polyploid than the subtropics. 
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Abstract. Mariastuti HD, Listiyowati S, Wahyudi AT. 2018. Antifungal activity of soybean rhizosphere actinomycetes producing 

bioactive compounds against Fusarium oxysporum. Biodiversitas 19: 2127-2133. Actinomycetes are known as the most potential source 

bioactive compounds. This research aimed to explore the potential of actinomycetes isolated from rhizosphere of soybean in antifungal 

activity against Fusarium oxysporum, a pathogen causing damping off, wilt, and root rot in soybean. Of 18 actinomycetes isolates 

tested, 9 isolates had antifungal activity against F. oxysporum in different inhibition percentages ranging from 38.69% to 73.50%. The 

lowest and the highest inhibition percentage were performed by ARK 63 and ARK 94 respectively. As tested by compatibility assay, all 

of isolates were compatible toward Bradyrhizobium japonicum, a symbiotic bacteria which colonized the soybean root confirmed by no 

clear zone formed in the agar medium. The activity of 9 isolates was confirmed in sterile and nonsterile soil toward in planta test. All of 

these isolates exhibited the consistent antifungal activity both in vitro and in planta. The diseases suppression in sterile soil was ranging 

from 36% to 80.7% while in non-sterile soil was ranging from 67% to 100%. The highest disease suppression in sterile soil was 

performed by ARK 17 while in non-sterile soil was performed by ARK 92 and ARK 94. Supporting the results, 5 crude extracts of the 

potential isolates also showed the antifungal activity with inhibition percentage ranging from 19% to 54.09%. The highest inhibition 

percentage was performed by ARK 94. ARK 94 showed consistent inhibition against F. oxysporum in vitro, in planta, and also in crude 

extract assay. Chemical composition of crude extract derived from ARK 94 was identified by gas chromatography-mass spectrometry 

(GC-MS) analysis. Among 12 major compounds, 7 compounds act as antifungal based on some references. Based on those potential 

characters, this isolate is potential to be further developed as biocontrol agent.  

Keywords: Antifungal activity, bioactive compounds, GC-MS, rhizosphere actinomycetes  

INTRODUCTION  

Soilborne fungal pathogen is one of serious crop 

problems in Indonesia, particularly fungi infecting 

soybean. Some phytopathogens including Aspergillus 

niger, A. flavus, Fusarium spp., Penicillium sp., 

Cladosporium sp., Sclerotium rolfsii, Rhizoctonia solani, 

Pythium sp., Phytophthora sp., and Rhizopus sp. were 

reported to be the most common factor decreasing 

soybean productivity (Semangun 2008). One of these 

pathogens, F. oxysporum can survive in the soil, both as 

mycelium and as spores in the absence of its hosts 

(Agrios 2005). This fungus caused stunting in growth, 

necrosis, and chlorosis of cotyledon, root rot, vascular 

wilt, and damping-off of in soybean plant (Mbofung et 

al. 2007). Previous studies reported that F. oxysporum 

also caused wilt disease in chickpea (Gopalakrishnan et 

al. 2011), Chinese cabbage (Khamna et al. 2009), and 

cucumber wilt (Yang et al. 2011). Therefore, this 

pathogen should be suppressed to improve soybean 

productivity. 

Presently, the use of chemical fungicide at a high 

concentration may increase the resistance of the 

pathogen and impact on non-target species. In short, the 

chemical fungicide in a long-term would result in 

another ecological problem (Haas et al. 2000). The 

application of biological agent as biocontrol is widely 

developed against pathogen in soybean. The effects tend 

to be environmentally friendly and low-cost. Biological 

control agent can potentially be isolated from 

suppressive soil due to the existence of antagonistic 

microorganisms as a natural competitor in the habitat, 

especially actinomycetes (Mazzolla 2002). 

Actinomycetes are also recognized for their ability to 

colonize plants (Barakate et al. 2002). Actinomycetes 

which colonized rhizosphere were able to improve plant 

growth both by direct (by producing some 

phytohormones and increasing soil nutrient availability) 

and indirect mechanisms (by producing bioactive 

compounds against pathogen). 

Actinomycetes are known as a producer of potential 

microbial bioactive compounds. From 500 bioactive 

compounds identified, 45% were produced by 

actinomycetes, 38% by fungi, and 17% by unicellular 

bacteria as reported by Demain and Sanchez (2009). 

These compounds have some biological antifungal 

activities against F. oxysporum (Khamna et al. 2009), 

Fusarium causing wilt in sorghum (Kavitha et al. 2010), 

F. oxysporum f. sp. cubense race 4 (Zacky and Ting 

2013), and F. graminearum causing head blight in the 

grain of wheat and barley (Ito et al. 2012). In the 

previous study, 18 actinomycetes isolates have 

successfully been isolated from Sukabumi, West Java, 

Indonesia (Kurniati 2017). These isolates attributed to 
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plant growth promotion (PGP) character, including IAA 

production, phosphate solubilization, nitrogen fixation, 

and promotion soybean growth in vitro. The antifungal 

activity against phytopathogen particularly F. 

oxysporum has not been reported yet. Hence, in the 

present study, 18 isolates of actinomycetes were screened 

for actinomycetes that contain antagonistic potential 

against F. oxysporum. The objective of this study was to 

evaluate the capability of potential actinomycetes isolated 

from soybean rhizosphere in inhibiting the growth of F. 

oxysporum in vitro and in planta.  

MATERIALS AND METHODS  

Isolates preparation 

A total of 18 actinomycetes isolates used in this study 

have been isolated in the previous study (Kurniati 2017). 

These isolates were routinely cultured on yeast malt agar 

(ISP2) medium (yeast extract 4 g/L, malt extract 10 g/L, 

glucose 4 g/L, agar 20 g/L). Fusarium oxysporum was 

obtained from Department of Plant Protection, Bogor 

Agricultural University, Indonesia. This fungal was re-

cultured on potato dextrose agar (PDA) medium for 7 days. 

Screening of antifungal activity from actinomycetes 

against F. oxysporum  

The screening was conducted in PDA medium by dual 

culture method (Khare et al. 2010). The actinomycetes 

were streaked 3 cm from the center of petri dish. After 48 

hours, F. oxysporum was inoculated in the center of petri 

dish (6 mm in diameter). The culture was then incubated 

for 7 days at 28 oC. The antifungal activity was determined 

by calculating the radial growth of hypha. This assay was 

examined in 5 replicates. The inhibition percentage was 

calculated by using the following formula :  

 

Inhibition percentage = (D1 − D2)/ D1 × 100%  

 

Where: 

D1: the diameter of radial hypha in the edge of petri 

dish (cm)  

D2: the diameter of radial hypha close to actinomycetes 

colony (cm)  

Compatibility assay 

The compatibility of actinomycetes isolates with 

Bradyrhizobium japonicum was evaluated. This assay was 

tested based on previous research conducted by Huddleston 

et al. (1997). Melted yeast mannitol agar (YMA) medium 

(yeast extract 0.5 g/L, mannitol 10 g/L, K2HPO4 0.5 g/L, 

MgS04.7H2O 0.2 g/L, NaCl 0.1 g/L, agar 20 g/L) was 

inoculated with 8% of 4-day-old B. japonicum then poured 

into petri dish as basal layer. After the inoculated medium 

was solid, a paper disk (6 mm in diameter) was placed onto 

the medium. Nearly 10 µL of each actinomycetes culture 

was dropped on the paper disk and incubated for 7 days. 

The antagonistic interaction was indicated by the formation 

of clear zone around the paper disk.  

In planta test  

The nine actinomycetes with antifungal property 

against F. oxysporum in dual culture method were then 

evaluated for their antifungal activity in the greenhouse. 

The actinomycetes isolates were cultured on ISP4 agar 

medium. The preparation consisted of 3 steps. The first 

step was a soil preparation. The soil was composed of 

ultisol soil, compost, and sand with a ratio of 2:1:1. The 

soil served as sterile and non-sterile soil. The sterile soil 

was autoclaved for 1 hour within 2 consecutive days at 121 
oC (Susilowati et al. 2011). The second step was preparing 

the spores of F. oxysporum. F. oxysporum was cultured on 

potato dextrose broth (PDB) medium supplemented with 

rifampicin (50µg/mL). The culture was incubated for 7 

days. A total spore of 103 CFU/mL was used for in planta 

test and inoculated in the soils. The third step was 

preparation of actinomycetes and the seed. The method of 

seed coating based on previous research conducted by 

Jogaiah et al. (2016). The isolates of actinomycetes on 

ISP4 agar medium were scrapped to obtain the spores, 

which were then collected in a 1.5 ml tube. The spores 

were washed twice using NaCl 0.85% then centrifuged to 

separate the cells. Pellet was mixed with carboxyl methyl 

cellulose (CMC) 0.8% as a carrying medium. The soybean 

seeds were sterilized in NaClO 1.5% and washed twice 

using sterile distilled water. After sterilization, soybean 

seeds were soaked in CMC medium for 3 hours in an 

incubator shaker. Control seeds were soaked in the CMC 

medium without actinomycetes spores. This assay was 

served in 3 replicates. Each replicate consisted of 5 plants. 

At 7 days after planting, the disease suppression was 

calculated using the formula of Wiyono (2003): 

 

Disease suppression = (X – C+)/(C- – C+) x 100% 

 

Where: 

X: number of uninfected plants in treatments with 

actinomycetes and F. oxysporum 

C-: number of uninfected plants in treatment without 

actinomycetes and F. oxysporum  

C+: number of uninfected plants in treatment with F. 

oxysporum, but not treated with actinomycetes 

Antifungal activity of crude extract assay 

Five potential isolates of actinomycetes toward F. 

oxysporum (as screened in in planta test) were cultured on 

ISP2 broth medium at 28 oC for 10 days in the incubator 

shaker. The centrifugation was conducted to separate 

supernatant from the cells. The centrifugation was 

performed at 4000 rpm and 4 oC for 15 minutes. Ethyl 

acetate then was added to the supernatant (v/v; 1:1). It was 

then shaken continuously for 30 minutes. The solvent was 

evaporated at 50 oC to obtain the crude extract. To evaluate 

the extract in the activity against F. oxysporum, the extract 

was diluted in dimethyl sulfoxide (DMSO) until 5000 ppm 

in concentration. Each extract was mixed with melted PDA 

medium and poured into petri dish. After medium was 

solid, hypha of F. oxysporum was placed on it. Control 

treatment was served by inoculating F. oxysporum on the 

PDA medium contained DMSO only (v/v; 20:1). The 



MARIASTUTI et al. – Antifungal activity of rhizosphere actinomycetes 

 

2129 

treatment was served in 3 replicates. The incubation was 

done for 7 days at room temperature. The inhibition 

percentage was measured by comparing the diameter of 

hyphal growth in the treatment and control.  

Gas chromatography-mass spectrometry (GC-MS) 

analysis  
The most potential crude extract (ARK 94) in inhibiting 

growth of F. oxysporum was identified by using GC-MS 

analysis. The column used in HP-5MS (5% phenyl methyl 

siloxane) capillary column of dimension 30.0 m× 250 µm× 

0.25 µm and used helium as carrier gas at 1 mL/min. The 

column temperature was initially at 40 oC for 10 minutes 

then followed by an increase of 3 oC /min to 250 oC. The 

temperature then was set isothermally for 5 minutes. The 

MS was operating at 70 eV. The compounds then were 

identified by comparison of their mass spectral data with 

those from NIST 05 Spectral Library.  

RESULTS AND DISCUSSION 

Antifungal activity of actinomycetes in dual culture 

method against F. oxysporum  

Nine out of eighteen isolates of actinomycetes were 

potential in inhibiting F. oxysporum. Hypha of F. 

oxysporum was inhibited by actinomycetes colony as 

shown by reducing growth of hypha which faced 

actinomycetes colony (Figure 1). The highest inhibition 

percentage was performed by ARK 94 (73.50%) and the 

lowest one was performed by ARK 63 (38.69%) as shown 

in (Table 1). However, 50% of isolates showed antifungal 

activity against F. oxysporum. 

Response of compatibility assays  

The potential isolates of actinomycetes against F. 

oxysporum showed compatibility toward Bradyrhizobium 

japonicum. Based on this assay, all of the 9 isolates are 

compatible with B. japonicum as indicated by no clear zone 

formed (data not shown). 

Antifungal activity of actinomycetes isolates in the 

greenhouse 

All data showed disease suppression in both sterile and 

non-sterile soils (Table 2). Consistently, the actinomycetes 

isolates which have antifungal activity in vitro also 

performed antifungal activity in the greenhouse. The 

highest disease suppression was performed by ARK 17 

(83%) in sterile soil and ARK 94 (100%) and ARK 92 

(100%) in non-sterile soil. The disease suppression was 

relatively higher in non-sterile soil than that in sterile soil. 

The lowest disease suppression was shown by the same 

isolate in both soils, ARK 103.  

Antifungal activity of crude extract from actinomycetes 

isolates 

Five potential actinomycetes confirmed by in planta 

test (ARK 13, ARK 17, ARK 68, ARK 92, and ARK 94) 

were analyzed their crude extracts activity toward F. 

oxysporum. The growth of F. oxysporum’s hypha was 

inhibited by all of the 5 crude extracts in 5000 ppm 

concentration (Figure 2). The highest inhibition percentage 

was shown by ARK 94, which was 54.09%. F. 

oxysporum’s hypa was smaller compared with control 

treatment (DMSO only) (Figure 1).  

 

 
Table 1. Antifungal activity of actinomycetes isolates against F. 

oxysporum 

 

Isolate 
Inhibition 

percentage 
 Isolate 

Inhibition 

percentage 

ARK 13 51.25 ± 6.5  ARK 63 38.69 ± 9.7 

ARK 16 45.48 ± 1.5  ARK 68 70.43 ± 4.9 

ARK 17 38.81 ± 5.4  ARK 86 - 

ARK 26 -  ARK 87 - 

ARK 28 -  ARK 92 62.09 ± 3.4 

ARK 47 -  ARK 94 73.50 ± 6.5 

ARK 48 -  ARK 103 53.64 ± 8.8 

ARK 49 -  ARK 108 - 

ARK 51 44.55 ± 5.3  ARK 116 - 

Note:- : no antifungal activity 

 

 

 

 

Table 2. Antifungal activity of 9 actinomycetes isolates against F. oxysporum in the greenhouse  

 

Treatment 

Sterile soil* Non sterile soil* 

Infected 

plant 

Uninfected 

plant 

Disease 

suppression 

Infected 

plant 

Uninfected 

plant 

Disease 

suppression 

F. oxysporum  73 27 - 60 40 - 

Control (without F. oxysporum and actinomycetes) 0 100 - 0 100 - 

F. oxysporum +ARK 13 20 80 72.3 ± 0.05 13 87 78 ± 0.19 

F. oxysporum +ARK 16 27 73 64.0 ± 0.13 20 80 78 ± 0.19 

F. oxysporum +ARK 17 13 87 83.3 ± 0.29 7 93 89 ± 0.19 

F. oxysporum +ARK 51 40 60 44.3 ± 0.98 20 80 67 ± 0.34 

F. oxysporum + ARK 63 20 80 72.3 ± 0.25 20 80 67 ± 0.00 

F. oxysporum + ARK 68 20 80 75.0 ± 0.25 7 93 89 ± 0.19 

F. oxysporum + ARK 92 13 87 80.7 ± 0.17 0 100 100 ± 0.0 

F. oxysporum + ARK 94 20 80 75.0 ± 0.25 0 100 100 ± 0.0 

F. oxysporum + ARK 103 47 53 36.0 ± 0.13 20 80 67 ± 0.00 

Note: *: The data was an average of 3 replicates in percentage 
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Table 3. Chemical composition in the crude extract derived from an actinomycete ARK 94 

 

Chemical composition 
Molecular 

structure 

Retention 

time 

Peak 

area (%) 

Similarity 

(%) 
Bioactivity (References) 

Benzene, ethenyl- C16H16
 2.64 10.94 96 antibacterial, antifungal 

(Al-Marzoqi et al. 2016) 

2.4- Diphenyl- 1- butene  C16H16 9.60 3.48 64 antibacterial, antifungal 

(Arbi et al. 2011) 

Benzene, 1.1'-(1.2-cyclobutanediyl)bis-, trans- 

(CAS) 

C16H16 9.86 5.04 90 antibacterial  

(Ravichandiran et al. 2013) 

Benzonitrile, m-phenethyl- C18H21N 14.25 17.59 27 antibacterial 

(Dahpour et al. 2012) 

1-(2-Methylprop-1-en-1-yl)-9H-pyrido[3.4-b]indole C15H14N2 14.88 14.08 83 anticancer (Khan et al. 2014)  

antimalarial ( Kuo et al. 2004) 

4-(Methylphenyl)indole C15H13N 14.97 21.46 83 antibacterial, antiviral, 

anticancer (Rao et al. 2011) 

1.1-dicyano-2-methyl-3-(p-cyanophenyl)propene C13H9N3 15.02 6.84 83 antifungal, insecticidal 

(Kang et al. 2012; Lim et al. 2008) 

1H-Indole, 2-methyl-3-phenyl- C15H13N 15.07 8.53 78 antifungal, antibacterial, antioxidant 

( Oloyede et al. 2011) 

2.5-Cyclohexadiene-1.4-dione, 2.3- dimethoxy-5-(1-

methyl-2-propenyl)-6-(phenylmethyl)- 

C19H20O4 15.68 3.78 27 antifungal, antibacterial, 

anticancer 

(Mohamed et al. 2015) 

Nickel, [(1.2.5.6-.eta.)-1.5-cyclo 

octadiene]bis(trimethylphosphine)- 

C14H30NP2 17.83 3.78 89 unknown 

2.3 Diphenyl cyclopropyl) methyl Phenyl 

Sulfoxide,trans-  

C22H20OS 15.85 1.34 16 antibacterial, antifungal 

(Bayrak et al. 2009) 

Benzaldehyde, 4-[1-[4-(acetyloxy)-3.5- 

dimethoxyphenyl]ethoxy]-3-methoxy- 

C20H22O7 17.27 1.71 25 antibacterial, antifungal 

(Oloyede et al. 2011) 

 
 

   

A B C D 

 

Figure 1. Colony of F. oxysporum, (A) control, (B) antifungal activity of ARK 94, (C) on medium contained DMSO, (D) on medium 

contained ARK 94 crude extract in 5000 ppm, after incubated on PDA at ± 28 oC for 7 days 

  

 

 
 

Figure 2. Inhibition percentage of crude extract from 5 

actinomycetes isolates against F. oxysporum 

Chemical compound of actinomycetes isolate ARK 94 

The composition of chemical compounds in the ARK 

94 was analyzed by GC-MS. The chemical compounds 

were detected in the various retention time, peak area, and 

similarity (Table 3). There were 12 major compounds in 

the crude extract which had bioactivity based on some 

references. Two compounds had high similarity including 

Benzene, 1.1'-(1.2-cyclobutanediyl) bis-, trans- (CAS) and 

Benzene, ethenyl with 90% and 96 % similarity 

respectively.  

Discussion 

Soybean rhizosphere is a potential source of promising 

actinomycetes in the protection of soybean plant against F. 



MARIASTUTI et al. – Antifungal activity of rhizosphere actinomycetes 

 

2131 

oxysporum causing wilt root. Nine isolates (50%) out of 18 

actinomycetes isolates, showed antifungal activity against 

F. oxysporum in dual culture method (in vitro). The 

differences of their antifungal activity indicate the chemical 

diversity of antifungal compound produced by these 

actinomycetes. Among 9 potential isolates in dual culture 

method, 5 isolates exhibited inhibition against F. 

oxysporum by up to 50% (ARK 13, ARK 68, ARK 92, 

ARK 94, and ARK 103). Surprisingly, ARK 94 was able to 

inhibit growth of F. oxysporum until 73.50%. These 

potential isolates likely produced antifungal compounds so 

that the radial hypha’s growth was inhibited. Production of 

antibiotic, secretion of lytic enzymes in degrading fungal 

cell wall, mycoparasitism, and competition for space and 

nutrients were some possible mechanisms in biocontrol 

reactions toward pathogen (Vinale et al. 2008). The 

inhibition zone by actinomycetes isolates in our study 

might suggest some diffusible inhibitory substances in the 

medium that affected the growth of F. oxysporum’s hypha.  

The activities of the 9 potential actinomycetes in dual 

culture method were confirmed in the greenhouse by in 

planta test in sterile and non-sterile soil. These activities 

were shown by the number of uninfected plants which was 

higher in both soils compared to positive control (seeds 

was treated with F. oxysporum, but not treated with 

actinomycetes). The number of uninfected plant in sterile 

soil reached 53% to 87% meanwhile in non-sterile soil 

reached 80% to 100% (Table 2). Consistently, 9 isolates 

showed antifungal activity both in vitro and in planta, 

suggesting that their antifungal activity was stable in both 

conditions. Getha and Vikineswary (2002) reported that the 

ability of actinomycetes in vitro will also have the same 

effect in the in planta test. The antifungal activity was 

shown by all isolates in protecting soybean confirmed that 

microorganism isolated from a specific plant root or 

rhizosphere provided better disease suppression when 

applied in the same habitat. As previously reported by 

Zhang et al. (2009), microorganism isolated from soil of 

soybean had better protection from another microorganism 

isolated from soil of corn against Fusarium root rots of 

soybean.  

Although the activity was stable against F. oxysporum 

both in vitro and in planta, some isolates such as ARK 103 

and ARK 17 showed different potential of antifungal 

activity during in planta and in vitro test. The antifungal 

activity of ARK 103 in the in vitro test was reached 

53.64% inhibition compared to ARK 17 which only 

reached 38.81% inhibition while the antifungal activity of 

ARK 103 was poor during in planta test in both sterile and 

non-sterile soils compared to ARK 17. ARK 17 performed 

high disease suppression in both soils which reached up to 

80% (83.3% in sterile soil and 89% in non-sterile soil) 

while ARK 103 only performed 36% disease suppression 

in sterile soil and 67% in non-sterile soil. This different 

activity indicated some factors that influenced the 

production of bioactive compounds. One factor might be 

due to different medium content in both conditions. 

Another factor might be due to differential survival and 

colonization of actinomycetes isolates on soybean root. The 

colonization on target sites was important in promoting 

good protection by biological agent. The colonization 

enhanced the contact between biological agent and 

pathogen (Zhang et al. 2009). Considering the ability of 

survival and the protection, ARK 17 was claimed more 

stable and having high protection than ARK 103.  

Most of actinomycetes isolates exhibited higher disease 

suppression in non-sterile soil than in sterile soil. The 

isolates performed 36% to 80.7% disease suppression in 

sterile soil and 67% to 100% disease suppression in non-

sterile soil. In addition, two actinomycetes isolated showed 

100% disease suppression in non-sterile soil. They were 

ARK 92 and ARK 94. The variation of the suppression 

percentage which was higher in non-sterile than in sterile 

soil indicating that the antifungal activity was possibly 

affected by the growth condition, such as pH and content of 

nutrient. The disease suppression in sterile soil might be 

higher with some nutrients added like previous researches 

using sterile soil in the greenhouse as reported by Hamdali 

et al. (2008) and El-Tarabily et al. (2010). The soil was 

determined its composition such as the total carbon (Ct), 

nitrogen (Nt), soluble phosphorus content, and also soil pH 

before the greenhouse treatment. The result showed a high 

disease suppression in that soil against Phytium 

aphanidermatum (El-Tarabily et al. 2010) and Phytium 

ultimum (Hamdali et al. 2008). 

García et al. (2010) stated that organic carbon will 

affect microbial activity. The increasing of the organic 

carbon in soil will improve the quantity and quality of 

microorganism. In this study, the nutrient content such as 

organic carbon might be different from sterile and non-

sterile soil caused by sterilization process. The nutrient in 

sterile soil might be lower than in non-sterile soil and affect 

the antifungal compound pathway. Another aspect is the 

existence of soil microbiome. Non-sterile soil provides 

some beneficial indigenous microbes that may positively 

increase the growth of plant while in sterile soil, these 

beneficial microbes were killed or eliminated. Goudjal et 

al. (2014) also stated that indigenous microbes in non-

sterile soil might interact with introduced actinomycetes to 

enhance the antifungal activity. In instance, the soil 

condition likely affects the effectiveness of disease 

suppression by actinomycetes.  

Extracts of potential actinomycetes performed 

antifungal activity against the growth of F. oxysporum 

hypha in various inhibition percentages in ranging from 

19% to 54.09%. The antifungal activity of the isolates 

extracts indicating that the antifungal compounds were 

extracellularly secreted. The extract was diffusible into 

medium so that the F. oxysporum’s growth was inhibited. 

Preceding study also reported the activity of Streptomyces 

plicatus in inhibiting 80-100% the growth of Phytophthora 

infestans and Sclerotium rolfsii at the concentration of 

2000-5000 ppm (Sinha et al. 2014). Zacky and Ting (2013) 

also emphasized that the dilution of crude extract would 

affect the biological control against pathogenic fungi. 

Purification and elucidation of that extract are necessary to 

improve its antifungal activity. 

Metabolites extracted from ARK 94 contained 12 types 

as dominant chemical compounds. Seven compounds were 

identified as Benzene, ethenyl-, 2.4- Diphenyl- 1- butene, 
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1.1-dicyano-2-methyl-3-(p-cyanophenyl) propene, 1H-

Indole, 2-methyl-3-phenyl-, 2.5-Cyclohexadiene-1.4-dione, 

2.3- dimethoxy-5-(1-methyl-2-propenyl)-6-(phenylmethyl), 

2.3 Diphenyl cyclopropyl) methyl Phenyl Sulfoxide,trans-, 

and Benzaldehyde, 4-[1-[4-(acetyloxy)-3.5- 

dimethoxyphenyl] ethoxy]- 3-methoxy. These compounds 

act as antifungal as well as antibacterial, anticancer, 

antioxidant, and insecticidal (Table 3). There were 2 

compounds with similarities 90% and 96%, Benzene, 1.1'-

(1.2-cyclobutanediyl) bis-, trans- (CAS) and Benzene, 

ethenyl. Other compounds showed lower similarity (16%), 

suggesting the novelty of the compounds. Therefore, 

further research is needed to identify this compound.  

Based on the results of this study, actinomycetes has 

great potency as a biocontrol agent for soybean plant 

against F. oxysporum. A total of 9 from 18 isolates of 

actinomycetes showed antifungal activity against F. 

oxysporum both in vitro and in planta test. Consistently, 

ARK 94, the most potential isolate performed the highest 

antifungal activity in vitro, in planta, and crude extract 

assay. ARK 94 crude extract contained 12 major 

compounds which 7 compounds were confirmed as 

antifungal. Our results strongly indicate that the activity of 

antifungal is caused by these chemical compositions. This 

study provides further possibilities to analyze novel 

bioactive compound in various approaches. 
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Abstract. Chaiphongpachara T, Laojun S, Jongvisuttisan N, Tubsamut P, Dasom A. 2018. A checklist of medically important flies 

(Order: Diptera) in the central region of Thailand. Biodiversitas 19: 2134-2139. This study surveyed species of medically important 

flies in the central region of Thailand including Samut Songkram (coastal area representative), Bangkok (urban area representative), 

Phranakhon Si Ayutthaya (Lower alluvial area representative), Nakhon Sawan (upper alluvial area representative) and Sukhothai 

(mountainous area representative). This was done through a division of the central region into 5 areas, according to the landscape, 

including the coastal area, urban area, upper alluvial area, lower alluvial area and mountainous area. Flies were collected using insect 

nets and fly traps during July 2018. A total was 3872 adult flies, belonging to 4 subfamilies and 6 genera within 9 species were captured. 

The highest numbers of flies were found in the mountainous area, followed by coastal areas, upper alluvial area, urban area and lower 

alluvial area, respectively. All the study areas were within the central region of Thailand. The Chrysomya megacephala was the 

predominant species, with a total of 2953 adult flies captured. This was followed by the Musca domestica (n = 563), Achoetandrus 

rufifacies (n = 177) and Sacrophaga spp. (n = 137), respectively. The four species of flies collected in this study were Lucilia cuprina (n 

= 28), A. villeneuvi (n = 2), C. nigripes (n = 2) and Hemipygiopsis ligurriens (n = 2). The results of this study showed the distribution of 

flies, which is important information for diarrhoea vector control.  

Keywords: Checklist, Diptera, flies, Thailand 

INTRODUCTION  

Flies (Order: Diptera) are considered to be one of 

the medically important insects to humans. Globally, there 

are more than 120,000 species of flies (Service 2008). Flies 

can be mechanical vectors of enteric pathogens 

(Sukontason et al. 2007) including medically important 

bacteria, such as Escherichia coli, Staphylococcus 

coagulase, Listeria monocytogenes, Vibrio cholerae, 

Salmonella spp., Shigella spp. and Campylobacter spp. 

(Barreiro et al. 2013; Nwe Oo et al. 1989; Khalil et al. 

1994). They are also a major vector of important parasites, 

including protozoa, such as Entamoeba histolytica, 

Balantidium coli, Giardia lamblia, Cryptosporidium 

parvum (Graczyk et al. 2005; El-Sherbini and Gneidy 

2012) and intestinal nematodes or soil-transmitted 

helminths (STH), such as Ascaris lumbricoides, Trichuris 

trichiura, hookworm and Taenia spp. (Nyarango et al. 

2008; Fetene and Worku 2009). There have 

also been reports that illustrate the ability of flies to carry 

the viruses and fungi to humans (Junqueira et al. 2017; 

Phoku et al. 2014). While, it is usually adult flies that are 

disease vectors, the larval stages of some species can also 

cause myiasis (Francesconi and Lupi, 2012; Akbarzadeh et 

al., 2018) Myiasis is the invasion of fly larvae, especially 

blowflies (Diptera: Calliphoridae) into organs and tissues 

of humans or other vertebrate animals (Service 2008), 

feeding on the living or dead tissue and liquid body 

substances (Francesconi and Lupi 2012). In addition, the 

larvae of some fly species are also useful in forensic 

investigations (Joseph et al. 2011). 

In Thailand, there are 3 groups of medically important 

flies. These include the blowfly, house fly and flesh fly. 

The main problem with regards to these flies is that they 

are the major cause of diarrhea in Thailand. The annual 

epidemiological surveillance report of Thailand in 2017 

showed that the morbidity rate was 1571.83 per 100,000 

population, which amounted to a total of 1,038,349 cases 

(Ministry of Public Health 2017). However, this issue 

could be resolved through vector control actions, especially 

for the flies. They also affect tourism in Thailand, as the 

problem is viewed as a health hazard and portrays a bad 

image of the country’s sanitation (Greenberg 1971). 

The central region of Thailand covers the Chao Phraya 

River basin and is a region that is environmentally diverse, 

as it includes coastal areas, urban areas, river basins, 

mountainous areas, and forested areas. Consequently, these 

environmental differences affect the variety and density of 

animals (Milligan et al. 2009). The species of flies specific 

to the environment, such as Achoetandrus rufifacies, are 

found in the plains and at a very high altitude of 2100 m 

above sea level (Tumrasvin and Shinonaga 1978). Each 
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species of flies has different abilities how they carry 

pathogens. For instance, the Chrysomya megacephala plays 

a more important role than the Musca domestica due to its 

larger size. As such, parasites have a greater chance of 

pathogens attaching to them (Maipanich et al. 2010). In 

addition, each species of flies exhibits different behavior, 

including those involving its habitat, food, and flight 

(Service 2008). Currently, there is little information 

regarding the abundance and distribution of medically 

important flies in the central region of Thailand. 

Furthermore, it is very difficult to control flies if research 

lacks the basics of biological, ecological and abundance 

information pertaining to them. 

Therefore, for this study, we surveyed medically 

important flies in the central region of Thailand. This 

information will be useful for planning a highly efficient 

surveillance and control of fly population, eventually 

leading to a reduction of diarrhea cases within these 

probable vectors. 

MATERIALS AND METHODS  

Collection sites 

In this study, we grouped the provinces in the central 

region of Thailand into five groups according to landscape. 

This included the coastal area, urban area, upper alluvial 

area, lower alluvial area and mountainous area (Figure 1). 

Thereafter, one province was selected in each group until 

there were 5 provinces that represented the 5 landscapes. 

This was done using generating random numbers using a 

Random Generator programmed, a web-based application 

that is freely available at link: https://random.thaiware.com. 

The results of random provinces for study were Samut 

Songkram (coastal area representative), Bangkok (urban 

area representative), Phranakhon Si Ayutthaya (Lower 

alluvial area representative), Nakhon Sawan (upper alluvial 

area representative) and Sukhothai (mountainous area 

representative) (Table 1). After these three sites had been 

selected for the collection of flies to represent each 

province, the criteria were set. These were areas where 

people lived in high density and the area of collection could 

include a dump site or afresh food market (Figure 2). 

Fly collections and identification 

The trap for the fly collection in this study was 

modified from a prototype trap (30×30×50 cm) from the 

World Health Organization (1991) and the bait was pork 

liver, which was left for one night. We also used insect nets 

to collect flies in tandem with the traps. Fly collections 

were performed in July 2018 from 06.00 h - 18.00 h (12 

hours) once per collected site (4 traps per site). Fly traps at 

each site were placed near the garbage dump, which has a 

large population of flies and facilitated the ease of capture 

collection. After 18.00 h, collected flies were removed 

from traps and were killed using dry ice (CO2) with 15-

minute infusions. All the flies were transported to the 

laboratory at the College of Allied Health Sciences, Suan 

Sunandha Rajabhat University, Samut Songkhram 

Provincial Education Center, Thailand. Then, specimens  

Table 1. Geo-referenced locality of study site, the central region 

of Thailand  

 

Types of 

Landscape 
Latitude Longitude 

Altitude 

(ft.) 

Distance 

from sea 

(km) 

Coastal area 

Site1 13°23'49.1°N 100°02'22.0°E 10 0.11 

Site2 13°21'43.1°N 100°01'22.5°E 16 0.17 

Site3 13°22'54.9°N 99°58'49.1°E 23 4.10 

 

Urban area 

Site1 13°43'52.5°N 100°32'29.5° E 26 27.07 

Site2 13°48'15.9°N 100°32'59.6°E 16 34.97 

Site3 13°45'44.3°N 100°32'28.0°E 30 32.99 

 

Lower alluvial 

Site1 14°21'33.438°N 14°21'33.438°N 13 95.72 

Site2 14°20'40.647°N 100°35'29.264" E 30 94.23 

Site3 14°22'16.1°N 100°36'27.1°E 26 100.58 

 

Upper alluvial area 

Site1 15°42'01.0°N 100°07'35.5°E 85 245.41 

Site2 15°42'12.9°N 100°08'30.7°E 115 244.17 

Site3 15°39'10.3°N 100°17'58.2°E 85 243.07 

 

Mountainous area 

Site1 17°1'06.415°N 99°42'35.256°E 207 390.59 

Site2 17°01'03.7°N 99°42'13.3°E 203 397.90 

Site3 16°52'38.9°N 99°41'32.6°E 653 395.88 

     

 

 

 

 
 

Figure 1. Five study areas in the central region of Thailand, 

indicating Samut Songkram (coastal area), Bangkok (urban area), 

Phranakhon Si Ayutthaya (lower alluvial area), Nakhon Sawan 

(upper alluvial area) and Sukhothai (mountainous area) 
 

http://random.thaiware.com/
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Figure 2. General topography of specimen collection sites in each landscape: A. Coastal area, B. Urban area, C. Lower alluvial area, D. 

Upper alluvial area, E. Mountainous area 

 

  

 

  

were identified based on morphological character and using 

the taxonomic keys of Kurahashi and Chaiwong (2013), 

Tumrasvin and Shinonaga (1978), Carvalho and Mello-

Patiu (2008). Subsequently, photographs were taken with 

the program called NIS-Elements Documentation, under a 

Nikon SMZ745T stereo-microscope (Nikon Corp., Tokyo, 

Japan).  

Data analysis 

The results of the abundance and distribution of flies in 

the central region of Thailand are presented by percentage. 

RESULTS AND DISCUSSION 

In July 2018 (one day per collected site), we used 4 fly 

traps per site in five provinces in the central region, 

Thailand to collect 3872 adult flies belonging to 4 

subfamilies and 6 genera within 9 species. This included 

Achoetandrus rufifacies (Macquart, 1843), A. villeneuvi 

(Patton, 1922), Chrysomya megacephala (Fabricius, 1794), 

C. nigripes (Aubertin, 1932), Hemipygiopsis ligurriens 

(Wiedemann, 1830), Lucilia cuprina (Wiedemann, 1830), 

L. papuensis (Macquart, 1842), Musca domestica (Linnaeus, 

1758) and Sacrophaga spp. (Table 2, Figures 3-4). 

With this survey, we studied the abundance and 

distribution of flies in each landscape in the central region 

of Thailand and found the highest number of flies were in 

mountainous area, followed by coastal areas, upper alluvial 

area, urban area, and lower alluvial area, respectively. 

Based on all the study areas in the central region, it was 

found that C. megacephala was the predominant species, 

with 2953 adult flies captured, followed by M. domestica 

(n = 563), A. rufifacies (n = 177) and Sacrophaga spp. (n = 

137), respectively. In addition, the four species of flies 

collected in this study were L. cuprina (n = 28), A. villeneuvi 

(n = 2), C. nigripes (n = 2) and H. ligurriens (n = 2) (Table 2). 

The results of abundance and distribution of flies were 

divided according to characteristics of the landscape with 

Sukhothai Province, as a mountainous area, found to 

include 7 species and a total of 1772 adult flies. The most 

abundant species was the C. megacephala accounting for 

78.49% (n = 1391) and the lowest species were A. 

villeneuvi and H. ligurriens, accounting for 0.11% (n = 2). 

Samut Songkram Province, as a coastal area, had 6 species 

and a total of 650 adult flies, the most abundant species 

being the C. megacephala, accounting for 69.69% (n = 453), 

while the lowest species was C. nigripes and L. cuprina 

0.30% (n = 2). The upper alluvial area or Nakhon Sawan 

Province had 6 species and a total of 634 adult flies. C. 

megacephala was the most abundant species, accounting 

for 80.59% (n = 511) and the lowest was A. rufifacies 

0.31% (n = 2). Next, Bangkok’s urban area was found to 

have only 3 species and a total of 624 adult flies, with the 

most abundant species being C. megacephala, which 

accounted for 81.57% (n = 509) and the lowest was 

Sacrophaga spp. at 1.92% (n = 12). Finally, Phranakhon Si 

Ayutthaya, which was the lower alluvial area, was found to 

have 5 adult fly species (a total of 192 flies). Chrysomya 

megacephala was the most abundant species, accounting 

for 46.35% (n = 89) and the lowest was Sacrophaga spp. 

2.60% (n = 11), respectively (Table 2).  
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Table 2. Frequency of collected flies in the central region of Thailand 
 

 
Species of flies 

Percentage of occurrence of flies species  
Total 

 
Coastal area 

Urban 
area 

Lower alluvial 
area 

Upper alluvial 
area 

Mountainous 
area 

Subfamily: Chrysomyinae 
A. rufifacies (Macquart, 1843) 0.61% (4) 0 0 0.31%(2) 9.65%(171) 177 
A. villeneuvi (Patton, 1922) 0 0 0 0 0.11 %(2) 2 
C. megacephala (Fabricius, 1794) 69.69% (53) 81.57% (509) 46.35% (89) 80.59% (511) 78.49%(1391) 2953 
C. nigripes (Aubertin, 1932) 0.30% (2) 0 0 0 0 2 
        

Subfamily: Luciliinae 
H. ligurriens (Wiedemann, 1830) 0 0 0 0 0.11%(2) 2 
L. cuprina (Wiedemann, 1830) 0.30 (2) 0 8.85%(17) 0.63%(4) 0.28%(5) 28 
L. papuensis (Macquart, 1842) 0 0 2.60%(5) 0.47%(3) 0 8 
        

Subfamily: Muscindae 
M. domestica (Linnaeus, 1758) 26.1% 170) 16.50%(103) 36.46% (70) 14.66%(93) 7.16%(127) 563 
        

Subfamily: Sarcophagidae 
Sacrophaga spp. 2.9% (19) 1.92% (12) 5.72% (11) 3.31%(21) 4.17%(74) 137 
Total 100% (650) 100% (624) 100%(192) 100%(634) 100%(1772) 3872 

 

 

 

 
 

Figure 3. Lateral views of the medically important blow flies: A. A. 

rufifacies (left: male and right: female),  B. C. megacephala (left: 

male and right: female), C. L. cuprina (left: male and right: 

female), D. L. papuensis (left: male and right: female) 

 
 

Figure 4. Lateral views of medically important house fly and 

flesh fly: A. M. domestica (left: male and right: female), 

B. Sacrophaga spp. (left: male and right: female) 

 

Discussion 

This research was the field one that aimed at studying 

the checklist of flies in the central region of Thailand. In 

this study, we found 9 species of medically important flies, 

belonging 6 genera. These findings were consistent with 

previous research-conducted surveys regarding medically 

important flies in Thailand (Tumrasvin and Shinonaga 

1978; Tumrasvin et al. 1979; Kurahashi and Chaiwong 

2013).  

Although nine species of non-biting flies were found in 

the central region, each area had a different species of flies, 

depending on the landscape. This was consistent with the 

research done by (Bunchu et al. 2012) which was 

conducted to find the occurrence of blowfly species in the 

A 

B 

C 

D 

A 
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Phitsanulok province, Thailand. The province was divided 

into 4 areas according to types of landscape, including 

agricultural, mountainous, forest and residential and it was 

found that each area had different species and numbers of 

blowflies. For instance, species such as C. pinguis (Monum 

et al. 2017) and C. thanomthini (Tumrasvin et al. 1977) 

were only found in mountainous areas. The influence of the 

landscape on the flies has an effect on the number and 

appropriate habitat on each species and each environment 

has specific properties ideal for the localized species 

(Junqueira et al. 2017). Our results of specimen collection 

in July 2018 showed that the mountainous area had the 

highest number of fly species (seven species) and the urban 

area had the lowest number of fly species (three species). 

This result was consistent with the previous research 

performed by Bunchu et al. (2012) which surveyed blow 

flies in July and found the highest number of flies species 

in mountainous area (15 species) and the lowest number in 

urban area (three species) due to environmental suitability 

influences species-specific abundance patterns of flies.  

Each species of flies has a different habitat, which was 

dependent on the environment and ecology. Usually, A. 

rufifacies was found with the second highest number of 

blowfly species, with C. megacephala as the predominant 

one. This corresponded to our results. Indeed, blowfly A. 

rufifacies is classified as a very important medical fly 

(Getachew et al. 2007). Previous research reports have 

found that A. rufifacies were the most significant carriers of 

the helminths and protozoan parasites when compared with 

the other flies (Getachew et al. 2007). Chrysomya 

megacephala was the predominant species in the central 

region of Thailand. This is a highly important vector and 

these flies can be found throughout nature settings, such as 

Pelotas, Brazil (Bunchu et al. 2012). In addition, C. 

megacephala had more potential to carry pathogens 

than M. domestica (Monzon et al. 1991). In this study, we 

found A. villeneuvi and H. ligurriens only in mountainous 

areas, a fact which matched a research report regarding A. 

villeneuvi being only found in forested and mountainous 

areas at high altitude. However, H. ligurriens is 

predominantly in the lowlands that are 45-60 meters above 

sea level (Bunchu et al. 2012). However, It can be found in 

sparse numbers in other areas that are not very high 

(Tumrasvin et al. 1979). Occurrences of blowfly C. 

nigripes in coastal areas of Samut Songkram province, 

Thailand in this survey were first recorded due to this 

species being predominantly collected in the specific high 

altitude areas (Bunchu et al. 2012; Phasuk et al. 2013). 

Currently, C. nigripes is considered a forensically 

important blowfly species (Greenberg 1991). For Lucilia 

Genera, we were only able to find small numbers, 

including L. cuprina and L. papuensis. The results 

for Lucilia spp. showed that it could be found more in 

alluvial areas than other landscapes. The blowfly L. 

cuprina is considered to play an important role in the 

medical vector, due to particular properties such as parasite 

eggs, protozoa cysts and other pathogens (Bunchu et al. 

2012), while, M. domestica and Sacrophaga spp. were 

found throughout the central region of Thailand. One 

reason for M. domestica being found in all areas was due to 

its being able to easily adapt to the environment (Diclaro et 

al. 2012). 

The result of this study has shown the distribution of 

flies, which is important information for identifying 

diarrhea vector control. In addition to this research, it was 

also revealed that there was a new record of flies, C. 

nigripes, in coastal areas of Samut Songkram province, 

Thailand. 

In conclusion, the present study revealed the abundance 

and distribution of medically important flies in the central 

region of Thailand, where 9 species of important medical 

flies were found. In each landscape, there were different 

numbers and species of flies. These results are useful, basic 

medical entomological information for planning the control 

of diarrhea vectors. 
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Abstract. Kusumaningrum EN, Supriatna J, Abinawanto, Bowolaksono A. 2018. Short Communication: Ethnozoology – The perception 

of Tobelo Dalam tribal community in Saolat Village, East Halmahera, Indonesia towards cuscus (Phalangeridae). Biodiversitas 19: 

2140-2146. The complexity of the hard lives of Tobelo Dalam tribal community who live in Saolat village, district South Wasile 

provokes the high activity of animal poaching in Aketajawe-Lolobata National Park (TNAL) including cuscus hunting for both sale and 

consumption purposes. The study aimed to describe the traditional knowledge of Tobelo Dalam people in Saolat village in applying the 

systems of utilization and local conservation knowledge towards cuscus. This study was analyzed by the qualitative method with 

explorative survey technique, interview, and completing questionnaires. This study used 4 key informants (3 males, 1 female) and 50 

adult respondents (25 males and 25 females). The results showed that the average percentage of traditional knowledge owned by males 

and females were 69.1% and 30.9 %, respectively, so the males had an advantage of knowledge around 38.3 % than females in 

addressing the traditional knowledge of cuscus. The community of Tobelo Dalam tribe hunts cuscus for four different purposes, i.e., for 

traditional ceremonies, traditional medicine, cuisine, and sell it for more income to support the economy of family. 

Keywords: Cuscus, East Halmahera, etnozoology, Phalangeridae, Tobelo Dalam tribal community  

INTRODUCTION 

The integration of traditional beliefs, the way of 

thinking, and the perception towards the living environment 

are emerged in the traditional knowledge keeping from 

generation to generation. Traditional knowledge can be used 

as the principles of natural resource management because it 

has contributed greatly to environmental conservation and 

sustainable use. One of the most interesting traditional 

knowledge to study is in many ways the elders of the 

Tobelo tribe who are familiar with nature, magic, and all 

aspects of traditional knowledge have given the names of 

all animals they know and until now the name is still used 

because some are considered popular or have been the 

correct name (i.e. at least those large enough to be easily 

visible with the naked eye must have had at least one 

correct name). But if there is an animal species that the 

Tobelo people do not know by name now, this is because 

of their lack of close knowledge with the low magical and 

magical powers they have (Taylor 1990). The naming of 

animal nomenclature and the classification are based on the 

paradigm, perception, and traditional society concept. Both 

perception and traditional society concept are early phases 

and foundation for traditional knowledge on animal 

behavior and ecology in the study of interaction between 

man and animal, both domestic and wild animals and the term 

is called ethnozoology (Hunn 2011; Alves and Souto 2015). 

The distribution of marsupials which belong to 

Phalangeridae covers from Australia to Papua New Guinea. 

Four out of six genera which are in the family and endemic 

in eastern Indonesia (Flannery et al. 1997, McNab 2008). 

Halmahera island is one of the regions which has a certain 

distribution of cuscus from Phalanger genus. Cuscus is 

marsupial which has a marsupium (MacDonald et al. 1993; 

Nowak 1999), and is a nocturnal animal (MacDonald et 

al.1993; Latinis 1996; Flannery 1997; Heinsohn 1998; 

Nowak 1999; Helgen 2007), arboreal (Nowak 1999; 

Helgen and Flannery 2004), eat leaves, fruits, flowers, 

barks and ocassionally insects (Latinis 1996). According to 

IUCN Red List, cuscus is listed as least concern while 

CITES listed it as Appendix II.  

Throughout history it is recognized that Tobelo Dalam 

tribal community is primitive. It has been shown by its 

community characters which is considered as an early age 

civilization such as loincloths, bare feet, dark complexion, 

long hair, and uncombed (Saluang 2014). Tobelo Dalam 

tribal community in Saolat village, district of South Wasile, 

East Halmahera District has a unique culture in their daily 

lives. Geographically, Saolat village is located not far from 

the primary forest about 2-3 km which is famous for the 

high population of cuscus in National Park Aketajawe-

Lolobata (TNAL).  
 
 



KUSUMANINGRUM et al. – Perception of Tobelo Dalam tribe towards cuscus 

 

2141 

  

 

Figure 1. Cuscus (Phalanger ornatus)  

 

 

Saolat villagers live in the rapid development of 

communication technology online based. The spirit to have 

better life never ends and never fades from its social 

characters. However, the condition is not supported by the 

demographic data of its community such as education. 

They reach junior high school at the most, their livelihood 

as a fisher, copra farmer who work in others’ land. They 

gain coconuts from surrounding land near TNAL forest. 

The income level of the community is relatively low while 

the living cost is very high. The Central Bureau of 

Statistics stated that Halmahera island is in the third 

position of the high living cost, the living cost in Ternate 

reaches Rp 6.4 million/per month (BPS 2017).  

The complexity of the living conditions of the Tobelo 

Dalam tribal community in Saolat Village can drive the 

increase of wildlife hunting activities including cuscus in 

the TNAL region. Tobelo tribal community hunts cuscus 

for variety purposes, among others, is used as an addition 

to the family's economic livelihood, to be consumed as a 

source of protein, for traditional medicine, and for use in 

traditional ceremonies (Taylor 1990). This study aimed to 

describe the traditional knowledge of Tobelo Dalam tribal 

community in Saolat village in the system of utilization and 

local conservation towards cuscus.  

MATERIALS AND METHODS  

Study area 

The research was conducted in Saolat Village, South 

Wasile Sub-district, East Halmahera District, North 

Maluku (North Moluccas) Province, Indonesia (Figure 2).  

Procedures and data analysis 

The study was carried out in June to July 2015. The 

method of this research is qualitative method with 

explorative survey technique, interview, using a structured 

questionnaire. The survey covers identification (Flannery 

1997) and inventory of cuscus species (Phalangeridae) 

which are exploited by the traditional community including 

the way they get cuscus (time, the tools, and condition of 

cuscus whether alive or dead), domesticating, benefits, and 

traditional conservation. The ethnozoology data source 

were obtained from key informants and respondents. The 

selection of key informants is based on snowball sampling 

technique while the selection of respondents uses purposive 

sampling technique (Tremblay 1957; Neuman 2003). This 

study used 50 respondents consist of 25 adult males and 25 

females. There were 4 key informants consist of 3 males, 1 

female to get additional information to complement the 

primary data obtained from the direct interview.  

RESULTS AND DISCUSSION  

Traditional knowledge of Tobelo Dalam tribal 

community towards cuscus life  

Naturally males and females have the different attitude 

in dealing with problems so that they come into different 

knowledge and decision (Somnasang and Moreno-Black 

2000). The same condition also happens in the social life of 

the Tobelo Dalam tribal community that live in Saolat 

village, district of South Wasile.  

To have a better understanding about the concept of 

Tobelo Dalam tribal community in a Saolat village about 

cuscus life, there are nine questions should be answered by 

male and female respondents. The nine questions are as 

follows: (i) the history of cuscus name, (ii) knowledge of 

local name for cuscus, (iii) knowledge of cuscus 

characteristics, (iv) classification of cuscus, (v) habitat, (vi) 

types of food, (vii) predator, (viii) animals which harmless 

for cuscus, (ix) the distribution in Halmahera. All questions 

are interesting to investigate since the basic knowledge of 

cuscus life which can reflect the utilization and traditional 

conservation done by Tobelo Dalam tribal community.  

The result of the questionnaire and interview on the 

traditional knowledge of cuscus present in Figure 3. In 

general, from the nine parameters measured which become 

the basic knowledge of characteristics of conscious life, if 

the difference in each parameter between males and 

females was presented as percentage, the average results 

show that males had an average percentage of traditional 
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knowledge 69.1 % while females had 30.9%, so males had 

an advanced knowledge about 38.3% than females. It is 

understood since the males are as the householder who 

have responsibilities to fulfill family needs while females 

in social structure tend to be a managerial controller in the 

family. Male activities in the Tobelo Dalam tribal 

community go to the forest to crop plants near TNAL. 

Forest is the comfort and safe habitat for cuscus and it 

cannot be avoided that they often encounter cuscus 

sometimes they hunt cuscus to consume or sell it.  
 

 

 

 

 
 

  
 

Figure 2. Map of research location in Saolat Village ( ), South Wasile Sub-district, East Halmahera District, North Maluku (North 

Moluccas) Province, Indonesia  

 

 

 

 
 

Figure 3. The result of assessment of traditional knowledge of Tobelo Dalam tribal community towards cuscus 
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Some knowledge about cuscus owned by males become 

advantaged and show significantly higher (≥50%) towards 

females among others knowledge of cuscus characteristics, 

animals grouping, habitat, predator, animals which 

harmless for cuscus, and the distribution in Halmahera 

(Figure 3). Males described cuscus as an animal which has 

a pouch in its tummy, legs with sharp claws, and strong 

tails, while based on its activity, cuscus is a nocturnal 

animal. According to the male respondents, cuscus 

inhabitants in forests, plantation nearby forests, and around 

river bank. Generally, most cuscuses live entirely in the 

canopy of trees in dense woodlands or plantation. The 

types of trees that become cuscus nests among others are 

pisang bole (Musa spp.), bido bidoho (Piper aduncum), 

lukama (Lansium domesticum), ngaeke (Pometia pinnata), 

luka lukama (Aglaia sp.), and rukiti (Gnetum gnemon) 

(Taylor 1990). The cuscus also lives in the wild 

mampuduar (Ficus virens) and mojiu (Barringtonia 

asiatica), ampupu (Eucalyptus urophylla), Pterocymium 

tinetorium, Aphanamyxis polystachya, Kleinhovia hospita, 

and Grewia koordersiana (Farida et al. 2005), matoa tree 

(Pometia pinnata) or coconut (Cocos nucifera) to become 

the choice of cuscus nest is quite comfortable and safe 

(Pattiselanno 2007). Males recognize that dudiha, snake 

(Python reticulatus) and koyoba ngulu ngulu, eagle 

(Accipiter henicogrammus) are the main predator of cuscus 

while bat (Fooradoxous sp.) is recognized as harmless for 

cuscus since they are often found eating fruits side by side. 

Males are more aware and understand about the 

distribution of cuscus in Halmahera; the areas are Tomares, 

Binagara, Ekor, Buli, Maba, Weda, Wasile, and other 

regencies which are in the Halmahera administration. 

Males and females have the same understanding of the 

way they call cuscus in Tobelo language that is kuho or 

kuso. Most females have an understanding of cuscus life, 

not in detail but only to know the name and how to cook it, 

except a few females who are shaman medicine or 

traditional birth shaman attendants because they often go to 

the forest to look for plants as traditional medicine. 

The exploitation of cuscus by Tobelo Dalam tribal 

community  

The perspective of Tobelo Dalam tribal community in 

Saolat village both males and females towards the 

exploitation of cuscus in their daily lives has no difference. 

The community knowledge towards the exploitation of 

cuscus came from their ancestors which passed it 

generation to generation up to now. This information is 

clarified to key informants as a resource for traditional 

knowledge about cuscus. Generally, the community 

exploits cuscus for several needs i.e., a) traditional 

ceremonies, b) traditional medicine, c) cuisine, d) more 

income to support the economic of families.  

Traditional ceremonies 

Tobelo Dalam tribal community in Saolat village is 

mostly Christian and recognizes and carries along 

traditional ceremonies namely marriage, welcoming new 

year, and end of the year.  

Traditional marriage ceremony (yoiyaka). The 

ceremony is conducted by family who has grown up 

daughters (mahoka), and they have future husbands. The 

ceremony takes place in bridegroom’s house or church. 

The marriage blessing is led by the village elder and to 

complete the ceremony cuscus cuisine with ‘rw’ spices 

(Manadonese: rintek wu’uk meaning smooth fur). Cuscus 

is not the only animal which becomes one of the 

requirements of a rightful of the ceremony, there are 

several animals such as deer (Cervus timorensis), boar (Sus 

scrofa), chicken, biawak air (Hydrosaurus warneri), and 

biawak darat (Varanus sp.) that are also cooked and served. 

The ceremony aims to preserve tradition, to strengthen the 

family bound, and to build a new and happy family that is 

in harmony and blessed by God.  

Welcoming new year ceremony. The ceremony is 

carried out by all Tobelo Dalam tribal community in the 

village hall or an open tent led by the village elder. The 

purpose of the ceremony is to ask for blessings and God’s 

guidance throughout the year and be departed from harm 

and danger. Cuscus cuisine becomes the complement of the 

ceremony, other cuisines from different animals such as 

boar, deer, bat (Fooradoxous sp.) and fish are also cooked 

and served. There are local dances such as ronggeng, 

cakalele, and tide-tide. 

End of the year ceremony. The ceremony is not 

different from the welcoming year ceremony even the 

leader and the place of the ceremony are the same. The 

difference is in the purpose of the ceremony. In this 

ceremony, the purpose is to give thanks to God for His 

blessing and guidance throughout the year. The same 

cuisines are also served in the ceremony. 

 In three ceremonies, Tobelo Dalam tribal community 

consumes cuscus 7 to 11 in each ceremony.  

Traditional medicine  

 In the social life of Tobelo Dalam tribal community, 

cuscus is used to cure the community who has back pain 

and often used as vitality supplement in order to have 

energy to climb coconut trees. Several organs taken from 

cuscus are foot, hand, and tail bones. The treatment is the 

three kinds of bones mentioned are burnt and then pounded 

into powder then mix with coconut oil, scrub it to the back 

pain area or palm and foot when they climb the tree.  

Cuisine  

Humans have used wildlife as food since prehistory, 

one of the most basic uses of animals are to meet 

nutritional needs (Leakey 1981; Milner-Gulland et al. 

2003; Schenck et al. 2006; Nasi et al. 2008; Sponheimer 

and Dufour 2009). Some ethnic groups in the Malinau 

watershed, North Kalimantan are known to use the highest 

wildlife for animal protein needs (Meijaard et al. 2005), as 

well as the Tobelo tribal community in consuming cuscus 

meat to eat as an added protein nutrition other than those 

from other animals such as monitor lizards, bats, crabs, and 

shells.  

Cuscus is cooked with spices such as cooking 'rw' and 

served with rice at lunch or dinner. In order to cook cuscus, 
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the meat is cut into small pieces and put into a pan to be 

seasoned with salt, lemon, lemongrass, and galangal, 

finally it is boiled.  

More income to support economic of families  

Hunting is one of the oldest activities carried out by 

humans with a variety of purposes, including reasons for 

the use of animals to defend against large predators (Alves 

2012). Hunted animals are used in many ways, especially 

as food, but also as clothing and tools, and for medicinal 

and religious-magic purposes (Alvard et al. 1997; Child 

2000; Alves and Pereira Filho 2007; Alves et al. 2009, 

Inskip and Zimmermann 2009). Hunting activity has 

become the part of Tobelo Dalam tribal community daily 

lives apart from other livelihoods such as fisher, copra 

farmer. This activity is carried out when unable to find fish. 

In general, they hunt animals that live around TNAL 

forests and among animals that are hunted are deer (Cervus 

timorensis), boar (Sus scrofa), monitor lizards, bats, and 

cuscus. The Tobelo Dalam tribal community does not 

recognize any prohibition on hunting at locations 

considered sacred or at certain times or sasi as in other 

tribes in the Kei Islands, Maluku, namely Yot in Kai Besar 

and Yutut in Kai Kecil or the Tepra tribe in Depapre, Papua 

with mythical traditions, namely an unwritten knowledge to 

regulate, manage, utilize and participate in conserving 

marine and coastal resources. The sasi system is another 

example of the cultural framework for managing resources.  

People get cuscus by hunting in the forest or 

community gardens adjacent to the forest. They use simple 

hunting equipment such as bamboo pieces as a tool to lure 

cuscus to come closer so that they can easily catch it and 

occasionally while calling cuscus by imitating their voices 

or by placing traps on trees which are often as cuscus 

foraging places. 

Mostly they hunt animal such as are deer, boar, lizard, 

bat, and cuscus which are in forest in TNAL.. Cuscus 

hunting activities are usually carried out by the Tobelo 

Dalam tribal community during the night from 07: 00 p.m. 

to 01: 00 a.m. or until morning at 05: 00 a.m. Hunting is 

carried out at the night because cuscus is a nocturnal 

animal which has activity in the night (Pattiselanno 2007). 

Cuscus tends to be found in conditions after rain and when 

the moon is bright because after the rain cuscus usually 

starts to look for food. When bright, the cuscus uses 

moonlight to find food sources. Hunting activities of the 

Tobelo Dalam tribe as well as the Rimba in Jambi, and 

some ethnic groups in Papua are carried out in a group of 

2-5 people. The purpose of hunting carried out in groups is 

when obtaining large-sized animals those animals can be 

easily transported and enjoyed together. The activities 

carried out together show an indicator of the realization of 

cooperation and spirit of mutual assistance. When getting a 

cuscus that has a child, the child is then kept from the age 

of still tillers to adulthood. The equipment to hunt cuscus is 

still traditional and simple, namely machete (bamboo made 

specifically to call cuscus). Some of the community raises 

cuscus from newborn up to adult. The community sells 

cuscus to fulfill their daily needs (Hurtado-Gonzales and 

Bodmer 2004). They sell it to traditional markets nearby 

with various prices depend on its type and size. The price is 

about Rp 30.000 to Rp 50.000 each.  

Traditional conservation towards cuscus by Tobelo 

Dalam tribal community  

The sacred of a place has the essence of utilizing 

biodiversity resources in sustainable use for instance water 

supply, the availability of plants for food and medicines 

and animals as an alternative food source. Prohibitions or 

taboos related to cultural beliefs or practices are considered 

as local wisdom among ethnic groups (Madhusudan and 

Karanth 2002). According to Hill and Padwe (2000), 

Leuwenberg and Robinson (2000), traditional social taboos 

are protective against the practice of uncontrolled use of 

certain animal species. Such taboos can spread in several 

regions, or be limited to certain ethnic groups, clans or 

families (Bennett and Robinson 2000). As the Tobelo 

Dalam tribal community in Saolat Village, especially come 

from Bane family. According to key informants, around 15 

percent of the population of the village is named Bane.. 

The community of Bane's family has beliefs passed down 

orally from generation to generation from their ancestors 

that cuscus is the ancestor of their ancestors, so there is a 

strict prohibition not to encounter, smell, or even consume 

its meat. In general, they obey the prohibition of the elders 

due to a sense of respect for their traditional beliefs, but 

some people obey the rule because of fear of the sanctions 

they get if they dare to break it. Bane family, wherever they 

will avoid meeting the cuscus. Members of Bane family 

indirectly preserve the existence of cuscus in the forests of 

the TNAL region in order to survive in a sustainable way. 

It is also done and preserved by woven craftsmen and 

some kitchen appliances in Saolat village, they indirectly 

also preserve the existence of cuscus from the routine of 

harvesting activities of pandan duri leaves or pandan tikar 

or pandan samak or pandan pudak (Pandanus tectorius) 

which grow in the forest as a woven material. Usually, they 

make woven pandan leaves into a mat, kokoya, a container 

for harvesting rice, keeping rice, wrapping burning coals 

from the stove and making caping (headgear). They realize 

that their lives depend on the availability of pandan leaves, 

therefore sometimes they also preserve and keep the 

pandanus plant so as not to extinct by just taking it as 

necessary. The craftsmen also understand if the pandan 

plants are often used by the cuscus as a shelter because of 

their thorny leaves when in dangerous conditions such as 

the threat of attack from snakes or eagles.  

However, the Tobelo Dalam tribal community also 

realizes that some of their life behaviors do not show the 

ethics of partiality in cuscus conservation. Some of the 

characters of the people who are still considered to be less 

supportive of this include: referring to the utilization of 

cuscus in the social life of Tobelo Dalam tribal community, 

mathematically it becomes a deep concern that in one year 

there are around 50 cuscuses are consumed by the 

community. While the reproduction of cuscus is low 

because within one year of reproduction the mother gives 

birth only one baby (Menzies 1991). It becomes our 

concern the sustainability of cuscus life if we have not done 

conservation. Although cuscus has long been declared an 
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animal protected by Law No. 05 of 1990 concerning the 

Conservation of Biological Resources and their 

Ecosystems, and Government Regulation No. 07/1999 

concerning the Conservation of Plants and Animal Species, 

but in general the Tobelo Dalam tribal community do not 

understand this information much, so that until now they 

are still using it to fulfill their living needs. 

There is also a possibility that the people in Saolat 

Village have the view that the availability of cuscus in the 

forest is still quite a lot, this is indicated from the selling 

price of cuscus which is relatively much cheaper than in 

other Maluku towns such as in Ambon, so it seems cuscus 

easily obtained. Based on this problem, it is necessary to 

conserve the cuscus by building an understanding of the 

concern and importance of the existence of cuscus in the 

life of the Tobelo Dalam community through various 

educational approaches. 

One way for people to understand and care about the 

importance of Law No. 5 of 1990 and PP No. 07 of 1999, it 

is necessary to conduct counseling on this matter to the 

customary leader, the elders, and the community by 

BKSDA officers. In order for the conservation activities 

being more comprehensive, it is also necessary to involve 

young people from the level of education in elementary, 

middle and high schools in supporting the sustainability of 

this cuscus life. This activity is carried out through 

counseling or distributing leaflets to schools about various 

information about cuscus life, including: character, a place 

of life, food sources, animals that become enemies, their 

conservation status, and constraints that can lead to a 

decrease in the number of cuscus population. Local 

knowledge can also be integrated into the school 

curriculum through formal science so that it becomes an 

important aspect in its further development (Basha et al 

2012). It is hoped that from all of these activities, it can 

motivate and encourage people's behavior to not be 

consumptive of cuscus meat and be able to develop a 

stronger instinct for love than to kill these protected 

animals. Local knowledge and modern science complement 

each other to support conservation activities going well 

(Zhihong 2003). 

In conclusion, Tobelo Dalam tribal community in 

Saolat village, district South Wasile, East Halmahera 

District has delivered different perception and concept 

between males and females in dealing with cuscus 

knowledge. Males have a better understanding of the 

knowledge than females. The Tobelo Dalam tribal 

community uses cuscus to fulfill various needs of their 

lives. Some of the Tobelo Dalam tribe community is 

involved in traditional species conservation for the 

sustainability of cuscus in TNAL forests. For example, 

by harvesting pandan leaves to taste, lush Pandanus is one 

of the protections for cuscus, and taboo which applies to 

the Bane family. But a greater threat has been waiting 

because the people are relatively consumed towards cuscus. 

Every year around 50 cuscus are killed for various 

purposes in their social life. Because of the high number of 

cuscus hunting, the local government should pay attention 

and make concrete actions to enhance conservation 

programs. The local government can use various kinds of 

approaches such as education and direct practices in the 

community so the people will change their lifestyle to be 

more aware about the need to conserve cuscuses in the 

study area.  

REFERENCES 

Alvard MS, Robinson JG, Redford KH, Kaplan H. 1997. The 
sustainability of subsistence hunting in the neotropics. Conserv Biol 

11: 977-982. 

Alves RRN, Pereira Filho GA. 2007. Commercialization and use of 
snakes in North and Northeastern Brazil: implications for 

conservation and management. Biodivers Conserv 16: 969-985. 
Alves RRN, Mendonça LET, Confessor MVA, Vieira WLS, Lopez LCS. 

2009. Hunting strategies used in the semi-arid region of northeastern 

Brazil. J Ethnobiol Ethnomed 5: 1-50.  
Alves RRN. 2012. Relationships between fauna and people and the role of 

ethnozoology in animal conservation. Ethnobiol Conserv 1: 1-69. 

Alves RRN, Souto WMS. 2015. Ethnozoology: a brief introduction. 
Ethnobiol Conserv 4 (1): 1-13. 

Basha SK, Gudivada S, Dalazak P, Ammnish V. 2012. Conserving 

Biodiversity of Yerramalais of Kurnool District, Andhra Pradesh, 
India, through People’s Biodiversity Registers Program. Biodiv J 3 

(2): 111-118. 

Bennett EL, Robinson JG. 2000. Hunting of wildlife in tropical forests-
implications for biodiversity and forest peoples. Environment 

Department working papers no 76. Biodiversity Series. The World 

Bank, Washington DC. 
BPS East Halmahera District. 2017. East Halmahera District in numbers. 

BPS, East Halmahera District. [Indonesian]. 

Child B. 2000. Making Wildlife Pay: Converting Wildlife’s 
Comparative Advantage Into Real Incentives for Having Wildlife 

in African Savannas, Case Studies from Zimbabwe and Zambia. 

In: Prins HHT, Grootenhuis JG, Dolan TT, (eds). Wildlife 
Conservation by Sustainable Use. Conservation Biology Series 

12. Springer, Dordrecht. 

Farida WR, Triono T, Handayani TH, Ismail. 2005. Feed plants selection 
and nesting site of cuscus (Phalanger sp.) in nature reserve of 

Gunung Mutis, East Nusa Tenggara. Biodiversitas 6 (1): 50-54. 

[Indonesian] 
Flannery TF. 1997. Mammals of Maluku. In: Monk KA, De Fretes Y, 

Reksodiharjo, Lilley G. (eds.). The Ecology of Nusa Tenggara and 

Maluku, Periplus Ltd, Singapore.  
Hill K, Padwe J. 2000. Sustainability of ache hunting in the mbaracayu 

reserve, Paraguay. In: Robinson JG, Bennett EL, (eds.). Hunting for 

Sustainability in Tropical Forests. Columbia University Press, New 
York.  

Helgen KM. 2007. Taxonomic and geographic overview of the mammals 

of Papua. In: Andrew JM, Beehler BM (eds) The Ecology of Papua. 
Part 1. Periplus Ltd, Singapore.  

Helgen KM, Flannery TF. 2004. Notes on the phalangerid marsupial 

genus Spilocuscus, with the description of a new species from Papua. 
J Mammal 85 (5): 825-833. 

Heinsohn TE. 1998. The Realm of the Cuscus: Animal Translocation and 

Biological Invasions East of Wallace’s Line. [Thesis], Australian 
National University, Canberra. 

Hunn ES. 2011. Ethnozoology. In: Anderson EN, Deborah MP, Eugene 

SH, Nancy JT (eds). Ethnobiology. John Wiley & Sons, Inc, New 
Jersey. 

Hurtado-Gonzales JL, Bodmer RE. 2004. Assessing the sustainability of 

brocket deer hunting in the Tamshiyacu Tahuayo communal reserve, 
Northeastern Peru. Biol Conserv 116 : 1-7. 

Inskip C , Zimmermann A. 2009. Human-felid conflict: a review of 

patterns and priorities worldwide. Oryx 43: 18-34. 
Latinis K. 1996. Hunting the cuscus in western Seram: the role of the 

Phalanger in subsistence economies in central Maluku. Cakalele 7: 
17-32. 

Leakey RE. 1981. The Making of Mankind. 1ed. Dutton, New York. 

Leuwenberg FT, Robinson JG. 2000. Traditional management of hunting 

in a Xavante community in Central Brazil: the search of 

sustainability. In: Robinson JG, Bennett EL (eds.) Hunting for 



 B IODIVERSITAS 19 (6): 2140-2146, November 2018 

 

2146 

Sustainability in Tropical Forests. Columbia University Press, New 

York. pp. 375-394. 

MacDonald AA, Hill JE, Boeadi, Cox R. 1993. The mammals of Seram 
with notes on their biology and local use. In: Edwards ID, MacDonald 

AA, Proctor J. (eds.). Natural History of Seram Maluku, Indonesia. 

Andover Intercept Ltd., UK.  
Madhusudan MD, Karanth KU. 2002. Local hunting and the conservation 

of large mammals in India. Ambio 3 (1): 49-54. 

McNab BK. 2008. The comparative energetics of New Guinean cuscuses 
(Metatheria: Phalangeridae). J Mammal 89 (5): 1145-1151. 

Milner-Gulland EJ, Bennett EL, Abernethy K, Bakarr M, Bodmer R, 

Brashares J, Cowlishaw G, Elkan P, Heather P, Peres C, Roberts P, 
Robinson J, Rowcliffe M, Wilkie D. 2003. Wild meat: the bigger 

picture. Trends Ecol Evol 18 (7): 351-357. 

Meijaard E, Douglas S, Robert N, David A, Barry R, Djoko I, Titiek S, 
Martjan L, Ike R, Anna W, Tonny S, Scott S, Timothy O. 2005. Life 

after logging Reconciling wildlife conservation and production 

forestry in Indonesian Borneo. CIFOR and UNESCO. Indonesia.  
Menzies JI. 1991. A Handbook of New Guinea Marsupials and 

Monotermes. Kristen Press Inc. Papua New Guinea, Madang. 

Nasi R, Brown D, Wilkie D, Bennett E, Tutin C, van Tol G, 
Christophersen T. 2008. Conservation and use of wildlife-based 

resources: the bushmeat crisis. Secretariat of the Convention on 

Biological Diversity, Montreal, and Center for International Forestry 
Research (CIFOR), Bogor. 

Nowak RM. 1999. Walker’s Mammals of the world. 6th. The Jhon 

Hopkins University Press. Baltimore.  

Neuman WL. 2003. Social Research Methods Quaitative and Quantitative 

Approaches (5th eds.). Allyn and Bacon, USA.  

Pattiselanno F. 2007. Cuscus (Phalangeridae) hunting by Napan 
communities at Ratewi Island, Nabire, Papua. Biodiversitas 8 (4): 

274-278. [Indonesian]. 

Saluang S. 2014. Deprivation of Living Space through the Body 
Approach. Bogor. Sajogyo Institute Working Paper No. 7/2014. 

Sajogyo Institute. [Indonesian]. 

Schenck M, Nsame Effa E, Starkey M, Wilkie D, Abernethy K, Telfer P, 
Godoy R, Treves A. 2006. Why people eat bushmeat: results from 

two-choice, taste tests in Gabon, Central Africa. Hum Ecol 34: 433-

445. 
Somnasang P, Moreno-Black G. 2000. Knowing, gathering and eating: 

Knowledge and attitudes about wild food in an Isan village in 

Northeastern Thailand. J Ethnobiol 20 (2): 197-216. 
Sponheimer M, Dufour DL. 2009. Increased dietary breadth in early 

hominin evolution: revisiting arguments and evidence with a focus on 

biogeochemical contributions. In: Hublin JJ, Richards MP (eds) The 
Evolution of Hominin Diets: Integrating Approaches to the Study of 

Paleolithic Subsistence. Springer, Heidelberg.  

Taylor PM.1990. The Folk Biology of the Tobelo People: A Study in Folk 
Classification. Smithsonian Institute Press, Washington D.C.  

Tremblay MA. 1957. The Key Informant Technique: A Non Ethnographic 

Application. Am Anthropol 59 (4): 688-701. 
Zhihong B. 2003. Indigenous knowledge and development. Landscapes of 

diversity indigenous knowledge, sustainable livelihoods and resource 

governance in Montane Mainland Southeast Asia, Proceedings of the 
3th Symposium on MMSEA, CBIK, Kunming Yunnan.  

 



BIODIVERSITAS  ISSN: 1412-033X 

Volume 19, Number 6, November 2018 E-ISSN: 2085-4722  

Pages: 2147-2156 DOI: 10.13057/biodiv/d190622 

A checklist of Bombyliidae (Diptera) from Mordovia, Russia and 

variation of wing shape in Bombylius species    

MARIYA ALEXANDROVNA CHURSINA1,♥, ALEXANDER BORISOVICH RUCHIN2,♥♥ 

1Voronezh State University. Universitetskaya sq., 1, 394006 Voronezh, Russia. ♥email: chursina.1988@list.ru 
2Joint Directorate of the Mordovia State Nature Reserve and National Park “Smolny”. 431230 Republic of Mordovia, Temnikov District, Pushta 

Settlement, Russia. ♥♥email: sasha_ruchin@rambler.ru 

Manuscript received: 3 October 2018. Revision accepted: 1 November 2018. 

Abstract. Chursina MA, Ruchin AB. 2018. A checklist of Bombyliidae (Diptera) from Mordovia, Russia and variation of wing shape in 

Bombylius species. Biodiversitas 19: 2147-2156. A checklist of Bombyliidae (Diptera) of Republic of Mordovia (Russia) is provided, 

based on material collected from 2008 to 2017. One hundred ninety specimens from 75 localities were collected. Fourteen of the twenty 

species are listed as belonging to the fauna for the first time. Intraspecific variation and sexual dimorphism in the wing shape of three 

species of the genus Bombylius Linnaeus, 1758 were investigated using geometric morphometric techniques. The analysis revealed that 

wing shape is a good discriminator of the species. In addition, significant sexual dimorphism were found: females of two of the three 

species had larger wings than males. The sex shape differences consisted mainly of сhanges in the placement of the CuA and A1, while 

interspecific wing shape variation distributed in more dimensions. There was no evidence for allometric relationships relating to sexual 

dimorphism and interspecific variation. Potential adaptive significance of interspecific and intersex variation in wing size and shape is 

discussed. 

Keywords: Bombyliidae, Bombylius, geometric morphometrics, new records, Mordovia 

INTRODUCTION 

Biodiversity is an underestimated resource of the 

country and provides a vast range of environmental 

function. A review of biodiversity should be a major focus 

of basic biological researches (Vermeulen and Koziell 

2002). 

The Republic of Mordovia is located in the middle of 

Russian Plain. It characterized by forest and forest-steppe 

landscapes (Yamashkin 1998). Therefore, it is expected 

that region’s biodiversity should be high enough. In the last 

decade as a result of invertebrate fauna inventory, 4000 

species were found in the Republic Mordovia for the first 

time (Ruchin and Kurmaeva 2010; Mikhailov and Trushina 

2013; Ruchin and Pilipenko 2015; Ruchin and Artaev 

2016; Semenov 2016; Egorov and Shapovalov 2017; 

Ruchin and Makarkin 2017; Chursina and Ruchin 2018; 

Ruchin and Egorov 2018; Ruchin and Grishutkin 2018; 

Ruchin and Mikhailenko 2018; Tomaszewska et al. 2018). 

In doing so, some of these findings are rare species. These 

findings are of great interest for the researchers. 

Data of the fauna of the family Bombyliidae is still 

limited despite wide distribution of species of the family 

and their important role in ecosystems. Species of 

Bombyliidae are worldwide in distribution; the family 

contains approximately 4600 described species (Evenhuis 

and Greathead 2003, 2015; Lamas and Evenhuis 2016). 

The larvae of bee flies are predators or ectoparasitoids of 

eggs and larvae (Boesi et al. 2008; Evenhuis 2017; Felicioli 

et al. 2017). Most of the immatures are parasitoids of 

solitary bees and wasps; several species (for example, Villa 

species) are endoparasitoids of moth larvae and pupae; 

species of the genus Hemipenthes Loew, 1869 are 

hyperparasitoids of other parasitoids that attack caterpillar 

and sawfly hosts. Some species are important natural 

enemies of major pests including locusts and grasshoppers, 

armyworms, slug and nettle caterpillars, and tsetse flies. 

For example, widespread species Hemipenthes morio 

(Linnaeus, 1758) attacks Tachinidae and Ichneumonidae 

(Yeates and Greathead 1997; Evenhuis and Greathead 

2003). 

Adults generally feed on nectar and pollen thus may 

play an important role in pollination of wild-flowers (Du 

Hull 1973; Negrobov et al. 2018). The fauna of bombyliid 

flies of several regions of Russia is insufficiently studied. 

The fauna of Yakutia contains 20 species from the three 

subfamilies (Nartshuk and Bagachanova 2012). The fauna 

in the Kirov region and Komi Republic includes 23 species 

(Pestov and Yuferev 2015) whereas the fauna of Samara 

region includes 41 species. A detailed research on bee flies 

from Caucasus has been carried out by Zaitzev (1966). In 

this regards, we believe that the bombyliid fauna of 

Republic of Mordovia merits further consideration. 

Geometric morphometrics is a promising approach, 

aimed at a comparison of the shape. Wing shape has a 

particular importance for aerodynamic characteristics and 

can be particularly subject of evolutionary changes 

(Bonduriansky 2006; Francuski et al. 2009; Vujić et al. 

2013; Nedeljković et al. 2015; Torres and Miranda-

Esquivel 2015). Variation in wing shape and size are 

currently used both for discriminant between 

morphologically cryptic taxa and describing evolutionarily 
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transformation within a character system. A considerable 

number of studies have confirmed the importance of 

studies of shape variation for systematics and evolutionary 

biology (for example, Pepinelli et al. 2013). However, such 

study in the family Bombyliidae has not been conducted 

before. 

Therefore, the first aim of this study is to contribute to 

the knowledge of bee fly fauna of the Republic of 

Mordovia. We have given brief notes on the distribution of 

each species. The second aim is to investigate the pattern of 

wing shape variation for the large and widespread genus 

Bombylius Linnaeus, 1758. For this purpose, we selected 

exemplars from three species: Bombylius discolor Mikan, 

1796, Bombylius major Linnaeus, 1758, Bombilius minor 

Linnaeus, 1758. 

MATERIALS AND METHODS 

Study area 

The Republic of Mordovia, Russia is located in the 

center of the East European Plain between 42°11' and 

46°45' geographic longitude and 53°38 ' and 55°11' 

latitude, in the southwestern periphery of the Volga basin, 

between the Moksha and Sura rivers. The territory of 

republic situated in forest and forest-steppe quarters of 

Central Russia. The eastern part of Republic of Mordovia is 

located in the northwest of the Volga Upland and the 

western part in the Oka-Don lowland (Ruchin and Egorov 

2017). Boreal coniferous and mixed forests are common in 

the west, north-west, and north of Mordovia Nature 

Reserve. Broad-leaved forests cover the central and eastern 

parts. In the east and south-east parts of the republic forest-

steppe landscapes dominate (Yamashkin 1998).  

Materials for this study were collected from various 

habitats in different localities of Mordovia State Nature 

Reserve in 2008, 2009 and 2011-2017 using individual 

hand net. More than 190 specimens from 73 localities were 

studied (Figure 1). The coordinates of sites are given in 

Table 1. 

The specimens were killed by ethyl acetate and later 

were installed on entomological pins. The identification of 

collected specimens was made using Levenhuk 3ST 

binocular microscope. For species identification, the 

taxonomic keys by Zaitsev (1969, 2004), Kits et al. (2008) 

were used. The material was deposited in the Collection of 

the Mordovia State Nature Reserve, Saransk. 

 

 

 

 

 

 

 
 

Figure 1. Location of the collecting sites in the Republic of Mordovia, Russia where the studied material was sampled: 1. Tengushevo 

District, 2. Zubovo Polyana District, 3. Temnikov District, 4. Elniki District, 5. Krasnoslobodsk District, 6. Staroe Shaygovo District, 7. 

Ichalki District, 8. Lyambir District, 9. Ruzaevka District, 10. Ardatov District, 11. Atyashevo District, 12. Dubensky, 13. Bolshie 

Berezniki, 14. Kochkurovo District, 15. City district Saransk (see also Table 1). 
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Table 1. Collecting sites and their coordinates in the Republic of 

Mordovia, Russia 

 

District Collecting sites Latitude Longitude 

Ardatov village Piksyasi 54°39'32.3"N 46°18'55.1"E 

village Bolshoe Kuzmino 54°57'00.3"N 46°05'25.6"E 

village Probuzhdenie 54°51'07.1"N 46°07'29.7"E 

village Mordovskaya 

Kozlovka 

54°27'45.6"N 43°18'37.5"E 

Bolshie 

Berezniki 

village Permisi 54°5'45.3"N 45°49'40.5"E 

Simkino forestry 54°15'29.9"N 46°11'01.0"E 

village Degilevka 54°9'26.1"N 45°40'47.7"E 

Dubensky village Krasnye Luga 54°25'39.0"N 46°23'20.0"E 

village Javleyka 54°18'41.4"N 46°26'01.6"E 

Elniki village Novye Shaly 54°42'14.8"N 43°37'52.9"E 

village Malye 

Mordovskie Poshaty 

54°41'2.5"N 43°43'9.5"E 

Ichalki Barakhmanovo forestry, 

quarter 88 

54°45'51.2"N 45°24'03.0"E 

Barakhmanovo forestry, 

quarter 93 

54°45'43.9"N 45°28'50.5"E 

National Park 

“Smolny”, 

Aleksandrovskoe 

forestry 

54°52'39.9"N 45°29'10.9"E 

National Park 

“Smolny”, Lvovskoe 

forestry, quarter 53 

54°49'48.0"N 45°22'45.1"E 

Kochkurovo village Muran 54°02'34.5"N 45°33'51.2"E 

Krasnos-

lobodsk 

village Novaya Avgura 54°19'43.7"N 44°11'43.3"E 

village Selischi 54°27'39.3"N 43°31'45.8"E 

village Sivin 54°21'18.2"N 44°16'14.4"E 

village Sinyakovo 54°25'20.6"N 43°40'22.3"E 

Lyambir village Atemar 54°11'3.1"N 45°23'51.0"E 

Ruzaevka forest “Levzhenskij 

sklon” 

54°06'08.0"N 45°06'04.5"E 

3 km N village 

Streleckaya Sloboda 

54°11'54.6"N 44°42'16.4"E 

village Levzhenskoe 54°06'16.3"N 45°04'01.5"E 

village Russkoe 

Baimakovo 

54°02'27.9"N 44°43'26.9"E 

City district 

Saransk 

city Saransk 54°10'41.7"N 45°11'4.0"E 

village Gagarina 54°11'06.5"N 45°12'53.0"E 

Staroe 

Shaygovo 

village Sarga 54°22'07.7"N 44°30'44.6"E 

village Staroe Akshino 54°17'27.2"N 44°42'55.8"E 

Temnikov, 

MSNR 

quarter 115 54°51'42.5"N 43°09'49.2"E 

quarter 116 54°51'43.1"N 43°10'37.7"E 

quarter 142 54°51'08.3"N 43°09'47.0"E 

quarter 249 54°49'49.6"N 43°32'30.4"E 

quarter 276 54°47'38.8"N 43°10'46.1"E 

quarter 301 54°47'06.0"N 43°10'47.6"E 

quarter 324 54°46'19.9"N 43°05'48.5"E 

quarter 330 54°46'34.1"N 43°11'52.3"E 

quarter 345 54°47'07.1''N 43°19'41.3''E 

quarter 360 54°46'11.2''N 43°13'43.4''E 

quarter 366 54°46'25.4"N 43°20'02.4"E 

quarter 368 54°46'37.3"N 43°22'08.7"E 

quarter 384 54°45'33.1''N 43°12'44.5''E 

quarter 387 54°45'38.8"N 43°16'05.8"E 

quarter 405 54°44'39.3"N 43°09'07.5"E 

quarter 408 54°44'50.2"N 43°12'16.5"E 

quarter 421 54°43'54.0"N 43°07'33.6"E 

quarter 431 54°44'32.4"N 43°17'00.7"E 

quarter 434 54°51'46.3''N 43°09'02.2''E 

quarter 442 54°43'56.5''N 43°15'02.1''E 

village Aksel 54°35'23.5"N 43°24'13.3"E 

village Alkaevo 54°35'59.4"N 43°20'52.3"E 

village Andreevka 54°37'56.4"N 43°19'09.8"E 

village Veseliy 54°32'52.5"N 43°00'58.2"E 

village Kitsaevka 54°36'46.8"N 43°09'01.0"E 

village Lavrentevo 54°29'27.0"N 43°2'54.9"E 

village Purdoshki 54°39'56.4"N 43°34'23.5"E 

village Pushta 54°43'07.1''N 43°13'32.2''E 

6 km NW village Pushta 54°44'15.3''N 43°08'53.2''E 

village Tarkhany 54°32'20.0"N 43°24'34.3"E 

village Tatarskoe 

Karaevo 

54°41'45.8"N 43°14'35.0"E 

village Tretyakovo 54°31'55.2"N 43°13'42.7"E 

14 km NNE village 

Pavlovka 

54°51'47.7"N 43°28'26.5"E 

cordon Inorsky 54°43'36.3"N 43°09'22.6"E 

cordon Plotomoyka 54°49'53.2"N 43°8'17.0"E 

cordon Pavlovsky 54°45'15.0"N 43°24'27.6"E 

cordon Podrubnyj 54°47'51.5''N 43°08'48.4''E 

cordon Srednyaya 

Melnitsa 

54°54'09.4''N 43°13'53.5''E 

cordon Steklyannyi 54°53'38.1''N 43°35'59.4''E 

Tengushevo village Barashevo 54°31'43.5"N 42°53'43.5"E 

village Klemeschei 54°35'10.7"N 42°51'39.0"E 

Zubovo 

Polyana 

 

5 km SW village 

Bystrischi 

54°26'26.6"N 42°36'10.9"E 

8 km SW village Vysha 53°47'42.0"N 42°18'43.9"E 

village Lesnoi 54°27'49.0"N 42°42'46.8"E 

Atyashevo village Selischi 54°38'42.0"N 46°15'36.0"E 

 

 

 

 

 
 

Figure 2. The wing of Bombylius minor (male) and positions of 

the landmarks used for studying wing shape (Temnikov District, 

MSNR, 10/V/2015) 
 

Data collection  

Wings of 106 specimens belonging to the genus were 

Bombylius were examined: Bombylius discolor (11 males 

and 12 females), Bombylius major (11 males and 38 

females), Bombylius minor (14 males and 20 females). 

Wings of each fly were removed from body, mounted on a 

glass slide, and covered with a cover glass. The slides were 

photographed by means of a Levenhuk C NG microscopic 

camera (Levenhuk Inc., USA). Twenty homologous 

landmarks were used in order to describe wing shape 

(Figure 2). Configuration of landmarks was digitized using 

the software tpsDig (Rohlf 2003). 

Geometric and statistical analyses 

Then geometric morphometric analysis was performed. 

Firstly, a generalized Procrustes analysis was conducted in 

several steps: landmarks configurations were scaled to a 

unit of centroid size for eliminating the impact of variation 

in wing size, superimposed so that the centroid of each had 
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coordinates (0, 0) and rotated so that the distance between 

landmarks of all specimens become minimal. A new set of 

variables (Procrustes residuals) contained the shape 

information and were used as shape data. 

The centroid size of each wing was calculated to 

characterize an overall measure of wing. Statistical 

analyses of these sets of variables were performed using 

MorpholJ software (Klingenberg 2011) and Statistica 10 

for Windows (StatSoft 2012). In order to prove evidence 

for the significant differences in wing centroid size and 

shape among the species and sexes, a one-way analysis of 

variance (ANOVA) was undertaken with Tukey post hoc 

test. A Procrustes ANOVA was used to test the effects of 

species, sex and side on wing shape.  

Canonical variates analysis of Procrustes distances 

(CVA) and discriminant analysis (DA) was performed for 

the purpose to detect and describe the differences among 

species and sexes. Quantitative estimation of the 

differences was performed by calculating the Procrustes 

distances between the mean shape of males and females. 

The significance of differences was tested in a permutation 

test with 10000 replicates.  

In order to consider the overall similarity of the sexual 

shape dimorphism of different species and shape changes 

attributing to sexual and interspecific variations, we used 

Mantel test of matrix correlation. The statistical 

significance of the results of Mantel test was assessed by 

the permutation test with 1000 replicates. In addition, for a 

more detailed investigation of the similarity of the sexual 

and interspecific patterns, we calculated the angle between 

the first principal component vectors and tested the null 

hypothesis stating that the PC vectors for different effects 

were identical. The allometric effects of interspecific wing 

variation and sexual dimorphism were estimated by 

regression analysis of shape variables on centroid size.  

RESULTS AND DISCUSSION 

A total of 20 species of Bombyliidae belonging 10 

genera were recorded in the present work. Fourteen species 

including Anastoechus caucasicus Paramonov, 1930, A. 

nitidulus (Fabricius, 1794), Anthrax incomptus Walker, 

1849, A. varius Fabricius, 1794, Bombylius ambustus 

Pallas, 1818, B. discolor Mikan, 1796, B. medius Linnaeus, 

1758, B. minor Linnaeus, 1758, Bombylosoma nigriceps 

(Loew, 1862), B. unicolor (Loew, 1855), Exhyalanthrax 

afer (Fabricius, 1794), Hemipenthes morio (Linnaeus, 

1758), Ogcodocera leucoprocta (Wiedemann, 1828), 

Thyridanthrax fenestratus (Fallen, 1814), Villa cingulum 

(Wiedemann in Meigen, 1820) are listed as new records for 

Mordovian bee fly fauna.  

The world distribution is given for each species. 

Abbreviations used in the text include MSNR-Mordovia 

State Nature Reserve, PA-Palaearctic, OR-Oriental, NE-

Nearctic. 

Check-list 

Anastoechus caucasicus (Paramonov 1930).  

Material. 1♀: 55 (6/VII/2013). 

Distribution. PA: Armenia, Azerbaijan, Georgia, 

Moldova, Ukraine (Evenhuis and Greathead 2015); Russia: 

North Caucasus (Paranomov 1940; Zaitzev 1966). 

Anastoechus nitidulus (Fabricius 1794).  

Material. 1♀: 4 (10/VIII/2014); 2♂♂, 5♀♀: 19 

(20/VIII/2017); 1♀: 30 (3/VIII/2014); 1♀: 31 

(12/IX/2017); 1♂, 1♀: 56 (15/VIII/2015); 1♀: 63 

(4/VIII/2017); 1♂: 70 (18/VII/2015). 

Distribution. PA: from Belgium through central Europe 

into European part of Russia, from Europe eastwards to 

Greece and further into Turkey and Iran; Kazakhstan, 

Kyrgyz Republic, Japan (Hasbenli and Evenhuis 2000; 

Evenhuis and Greathead 2015); Russia: from North 

Caucasus to South Siberia (Paranomov 1940; Zaitzev 1966, 

2004), Yakutia (Nartshuk and Bagachanova 2012). 

Anthrax anthrax (Schrank 1781).  

Material. 1♂, 1♀: 33 (13/VIII/2015); 1♀: 38 

(20/VI/2015); 1♂: 57 (11/VII/2008) (Kurmaeva); 1♀: 58 

(9/VI/2013); 1♀: 64 (3/VIII/2014). 

Distribution. PA: from Spain, Italy, France eastwards 

through Central Europe into Ukraine, Russia, in Northern 

Europe (Falck and Greve 1999; Hasbenli and Evenhuis 

2000; Evenhuis and Greathead 2003); Russia: European 

part of Russia to Leningrad region, North Caucasus, 

Crimea (Zaitzev 1966); Republic of Mordovia 

(Plavilshchikov 1964); Kirov region, Komi Republic 

(Pestov and Yuferev 2015), Yakutia (Nartshuk and 

Bagachanova 2012), Karelia (Polevoi 2006). 

Anthrax incomptus Walker 1849.  

Material. 1♂, 1♀: 63 (6/VIII/2017, 24/VIII/2017) 

(Semishin); 1♂: 65 (7/VIII/2017) (Semishin); 1♂: 66 

(16/VII/2017). 

Distribution. Australia; OR: Christmas I (Evenhuis and 

Greathead, 2003, 2015); PA: from Spain, Italy eastwards 

through Central Europe into European part of Russia 

(Evenhuis and Greathead 2003). 

Antrax varius Fabricius 1794.  

Material. 1♀: 63 (4/VIII/2017) (Semishin); 1♀: 68 

(12/VII/2014). 

Distribution. Nearctic: USA (Evenhuis and Greathead 

2015); PA: from Spain and Framce eastwards through 

Central Europe into Northern Europe, Ukraine and Russia; 

Turkey, Iran (Falck and Greve 1999; Hasbenli and 

Evenhuis 2000; Evenhuis and Greathead 2003, 2015); 

Russia: European part of Russia to Leningrad region, 

Crimea, North Caucasus (Zaitzev 1966); Kirov region, 

Komi Republic (Pestov and Yuferev 2015), Yakutia 

(Nartshuk and Bagachanova 2012), Karelia (Humala and 

Polevoi 2011). 

Bombylius ambustus Pallas 1818. 

Material. 2♂♂: 1 (10/VIII/2017); 3♂♂: 75 

(10/VIII/2017). 

Distribution. PA: from Spain and France eastwards 

through Central Europe into Ukraine and Russia; Turkey 

(Hasbenli and Evenhuis, 2000; Evenhuis and Greathead 
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2003, 2015); Russia: from Ukrainian border further north 

into Voronezh and Kirov regions, to Siberia with the 

exception of the most northern parts, Primorsky territory 

(Paranomov 1940; Zaitzev 1966). 

Bombylius discolor Mikan 1796.  

Material. 1♀: 21 (16/IV/2008) (Semishin); 1♂, 1♀: 22 

(23/IV/2008); 1♀: 23 (19/V/2009); 5♂♂, 2♀♀: 26 

(8/IV/2008, 16/IV/2008, 21-22/IV/2008) (Semishin); 1♂: 

28 (30/IV/2017); 2♂♂, 2♀♀: 29 (11/V/2008, 30/IV/2017); 

1♀ 65 (7/V/2013). 

Distribution. OR: China; PA: from Great Britain and 

France eastwards through Cetral Europe into Northern 

Europe, Ukraine and Russia; Turkish (Hasbenli and 

Evenhuis 2000; Evenhuis and Greathead 2003, 2015); 

Russia: Central and European part of Russia, North 

Caucasus (Paranomov 1940; Zaitzev 1966); Kirov region 

(Pestov and Yuferev 2015). 

Bombylius major Linnaeus 1758. 

Material. 1♂, 1♀: 2 (26/V/2017); 4♂♂, 3♀♀: 12 

(9/IV/2008, 26/IV/2008, 01/V/2017; 11/V/2013); 1♂: 14 

(10/IV/2008); 3♀♀: 15 (26/IV/2008); 2♀♀: 25 

(29/IV/2017); 2♂♂, 2♀♀: 26 (4/IV/2008, 12/V/2009, 

21/IV/2008) (Semishin); 1♂, 2♀♀: 29 (30/IV/2017); 1♂, 

1♀: 40 (10/V/2015); 2♀♀, 2♂♂: 47 (9/V/2013); 1♀: 48 

(6/V/2015); 2♀♀: 52 (11/V/2013); 3♀♀: 54 (12/V/2013); 

4♂♂, 9♀♀: 58 (10-11/V/2015, 27/IV/2014, 11/V/2015, 

8/V/2013, 30/IV/2013, 3/V/2008, 11-12/IV/2008); 4♂♂, 

1♀: 60 (16/IV/2017); 1♀: 71 (1/V/2008).  

Distribution. OR: China, India, Pakistan, Thailand; 

Nearctic: Canada, USA; PA: from Northern Ireland, France 

and Spain eastwards through Central Europe and Northern 

Europe into Russia to Japan (Falck and Greve 1999; 

Evenhuis and Greathead 2003, 2015); Russia: from 

Leningrad region southward to Caucasus, North Caucasus 

(Paranomov 1940; Zaitzev 1966); Republic of Mordovia 

(Feoktistov 2011); Kirov region, Komi Republic (Pestov 

and Yuferev 2015), Yakutia (Nartshuk and Bagachanova 

2012). 

Bombylius medius Linnaeus 1758. 

Material. 1♂: 22 (23/IV/2008); 1♂: 23 (19/V/2009); 

1♂: 41 (10/V/2015); 4♀♀: 51 (30/V/2015); 1♂: 58 

(11/V/2015); 1♀: 61 (17/V/2014). 

Distribution. PA: from Spain and France eastwards 

through Central Europe into Russia; Iran, Iraq, Israel, 

Kuwait, Tajikistan (Falck and Greve 1999; Hasbenli and 

Evenhuis 2000; Evenhuis and Greathead, 2003, 2015); 

Russia: Central and European part of Russia, Siberia, North 

Caucasus (Paranomov 1940; Zaitzev 1966); Kirov region 

(Pestov and Yuferev 2015). 

Bombylius minor Linnaeus 1758.  

Material. 1♂: 1 (10/VIII/2017); 1♂: 6 (12/VIII/2017); 

1♂, 2♂♂: 12 (25-27/VII/2017); 1♀: 19 (20/VIII/2017); 

1♂, 1♀: 32 (11/VII/2015); 1♂: 59 (7/VII/2013). 

Distribution. PA: from Spain, France and Great Britain 

eastwards through Central Europe and Northern Europe 

into Russia, Kazakhstan, Kyrgyz Republic, Mongolia 

(Falck and Greve 1999; Hasbenli and Evenhuis 2000; 

Evenhuis and Greathead 2003, 2015); Russia: European 

part of Russia with the exception of the Far North, 

Leningrad region (Paranomov 1940; Zaitzev 1966); Kirov 

region, Komi Republic (Pestov and Yuferev 2015).  

Bombylosoma nigriceps (Loew 1862).  

Material. 1♂: 15 (7/VII/2017). 

Distribution. PA: from Spain and France eastwards 

through Austria, Bulgaria, Poland, Greece into European 

part of Russia; Turkey, Iran, Georgia (Hasbenli and 

Evenhuis 2000; Evenhuis and Greathead 2003, 2015); 

Russia: South part of European Russia including Crimea, 

Caucasus (Paranomov 1940; Zaitzev 1966); Republic of 

Mordovia (Plavilshchikov 1964); Kirov region, Komi 

Republic (Pestov and Yuferev 2015). 

Bombylosoma unicolor (Loew 1855).  

Material. 1♀: 4 (08/VI/2013). 

Distribution. PA: from Spain and France eastwards 

through Italy, Hungary, Bulgaria, Moldova into Russia; 

Turkish, Greece, Armenia, Egypt, Tunisia (Hasbenli and 

Evenhuis 2000; Evenhuis and Greathead 2003, 2015); 

Russia: North Caucasus, Crimea (Paranomov 1940; Zaitzev 

1966). 

Exoprosopa capucina (Fabricius 1781). 

Material. 1♀: 66 (12/VI/2013). 

Distribution. PA: from Spain and France eastwards 

through Central Europe and Northern Europe into Russia; 

Turkey, Turkmenistan, Uzbekistan (Evenhuis and 

Greathead 2003, 2015); Russia: European part of Russia 

(Zaitzev 1966); Republic of Mordovia (Plavilshchikov 

1964); Kirov region, Komi Republic (Pestov and Yuferev 

2015). 

Exhyalanthrax afer (Fabricius 1794).  

Material. 1♂, 1♀: 13 (2/VIII/2017) (Semishin). 

Distribution. Afrotropical: Chad, Kenya, Eritrea; PA: 

from Spain and France eastwards through Central Europe 

and Northern Europe into Russia; Turkey, Kazakhstan, PA 

part of China, United Arab Emirates (Evenhuis and 

Greathead 2003, 2015); Russia: European part of Russia to 

Leningrad region, North Caucasus (Zaitzev 1966); Yakutia 

(Nartshuk and Bagachanova 2012). 

Hemipenthes maura (Linnaeus 1758).  

Material. 1♂: 3 (2/VII/2008); 1♂: 15 (21/VI/2008); 

3♂♂: 24 (9-13/VI/2009); 1♂, 2♀♀: 26 (24-28/VI/2011, 

9/VIII/2008) (Semishin); 1♀: 30 (3/VIII/2014); 1♂: 41 

(19/VI/2012); 2♂♂: 48 (17/VII/2014); 1♂: 49 

(16/VII/2015); 1♂: 66 (11/VII/2015); 1♀: 68 

(12/VII/2014). 

Distribution. PA: from Spain and France eastwards 

through Central Europe and Northern Europe into Russia; 

Turkey, Tajikistan, PA part of China (Falck and Greve 

1999; Hasbenli and Evenhuis 2000; Evenhuis and 

Greathead 2003, 2015); Russia: from Ukrainian border to 

North Caucasus, Ural and Siberia, Far East, Sakhalin Island 

(Zaitzev 1966); Republic of Mordovia (Feoktistov 2011); 
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Kirov region, Komi Republic (Pestov and Yuferev 2015), 

Yakutia (Nartshuk and Bagachanova 2012). 

Hemipenthes morio (Linnaeus 1758).  

Material. 1♂, 1♀: 4 (8/VI/2013); 1♂: 5 (12/VI/2015); 

1♀: 7 (12/VI/2015); 1♂: 24 (13/VI/2015); 1♂, 1♀: 26 

(24/VI/2011); 1♂: 41 (19/VI/2012); 1♀: 45 (21/VI/2015); 

1♂: 46 (8/VI/2014); 1♂, 1♀: 47 (23/VI/2013); 1♂: 53 

(6/VI/2015); 1♂: 57 (23/VI/2013); 1♂: 59 (22/VI/2013); 

1♂: 62 (17/VI/2013); 1♂: 69 (30/VI/2013). 

Distribution. Nearctic: Canada, USA; PA: from Spain 

and France eastwards through Central Europe and Northern 

Europe into Russia; Turkey, Kazakhstan, Armenia 

(Hasbenli and Evenhuis 2000; Evenhuis and Greathead 

2003, 2015); Russia: in Russia it is the most common and 

widely distributed species, it is distributed to the north, the 

middle Urals, is found in Siberia and the Far East (Zaitzev 

1966); Kirov region, Komi Republic (Pestov and Yuferev 

2015). 

Systoechus ctenopterus (Mikan 1796). 

Material. 1♂: 8 (11/VI/2017); 1♂: 9 (11/VI/2017); 

2♂♂, 2♀♀: 12 (25/VII/2017); 1♀: 16 (29/VII/2017); 1♂: 

17 (20/VIII/2017). 

Distribution. PA: from Spain and France eastwards 

through Central Europe and Northern Europe into Russia; 

Turkey, Egypt, Armenia (Hasbenli and Evenhuis 2000; 

Evenhuis and Greathead 2003, 2015); Russia: whole of 

Russia to Leningrad region in the north and to Yakutsk 

estward (Paranomov 1940; Zaitzev 1966); Republic of 

Mordovia (Plavilshchikov 1964; Feoktistov 2011); Kirov 

region, Komi Republic (Pestov and Yuferev 2015); Yakutia 

(Nartshuk and Bagachanova 2012). 

Thyridanthrax fenestratus (Fallen 1814).  

Material. 1♀: 34 (20/VII/2014); 1♂: 67 (17/VI/2015). 

Distribution. PA: from Spain, France and Great Britain 

eastwards through Central Europe and Northern Europe 

into Russia; Turkey, Egypt, Azerbaijan, Armenia, Turkish 

(Falck and Greve 1999; Hasbenli and Evenhuis 2000; 

Evenhuis and Greathead 2003, 2015); Russia: Central part 

of Russia, North Caucasus (Zaitzev 1966); Kirov region, 

Komi Republic (Pestov and Yuferev 2015). 

Villa cingulum (Wiedemann in Meigen 1820).  

Material. 1♀: 50 (15/VIII/2015). 

Distribution. PA: Armenia, Azerbaijan, France, Greece, 

Georgia, Italy, Portugal, Spain, Yugoslavia (Evenhuis and 

Greathead 2003, 20015); Russia: The European part of 

Russia to Leningrad region, North Caucasus (Zaitzev 

1966); Yakutia (Nartshuk and Bagachanova 2012). 

Villa hottentotta (Linnaeus 1758). 

Material. 1♀: 11 (19/VII/2015); 1♂: 18 (19/VII/2014); 

1♀: 20 (19/VII/2014); 4♂♂: 27 (28/VII/2011); 1♂: 34 

(20/VII/2014); 2♂♂: 35 (11/VII/2015, 20/VII/2014); 1♀: 

36 (16/VIII/2015); 1♂, 1♀: 37 (3-4/VIII/2013); 1♂: 39 

(27/VII/2014); 1♀: 42 (27/VII/2014); 1♀: 43 

(23/VIII/2015); 1♀: 44 (5/VII/2013); 1♂: 51 

(15/VIII/2015); 1♀: 55 (6/VIII/2013); 1♀: 58 (5/VII/2015); 

1♂: 72 (1/VIII/2009); 1♂: 73 (2/VIII/2015). 

Distribution. PA: from Spain, France and Great Britain 

eastwards through Central Europe and Northern Europe 

into Russia; Turkey, Azerbaijan, Tunisia (Falck and Greve 

1999; Hasbenli and Evenhuis 2000; Evenhuis and 

Greathead 2003, 2015); Russia: European part of Russia 

(Zaitzev 1966); Republic of Mordovia (Plavilshchikov 

1964); Kirov region, Komi Republic (Pestov and Yuferev 

2015), Yakutia (Nartshuk and Bagachanova 2012). 

Geometric morphometrics 

Highly significant differences in wing centroid size 

were observed among species (F = 5.40, P < 0.01), but not 

between sexes (F = 0.73, P = 0.40) (results of ANOVA). 

The Tukey post hoc test revealed that females of Bombylius 

major and B. discolor were significantly larger than males 

(P < 0.1). For the species Bombylius minor, wing size did 

not vary significantly between sexes. The Procrustes 

ANOVA results also indicate that there were strong 

interspecific differences in wing shape (F = 6.28, P < 

0.0001), as well as significant sexual dimorphism (F = 

6.08, P < 0.0001). There were no significant differences in 

size and shape between left and right wings of studied 

specimens (F = 1.12, P = 0.35 and F = 0.29, P = 1.0 

respectively).  

Wing shape variation among species was analyzed 

using CVA, which resulted in two canonical variates. Most 

of the variance (56.45%) for the Bombylius species 

comparison fell in the first canonical variate (CV1), which 

was associated with displacements of landmarks 2, 3, 7, 8, 

12, 13, 14, 17, 18 and 19 (Figure 3). In other words, CV1 

described a variation from a wing with landmarks 12 and 

13 in a more distal position, 7 and 8 in a more proximal 

position and landmarks 2, 3, 14, 17, 18, 19 in a more 

anterior position (Bombylius discolor) to a wing with 

landmarks 12 and 13 in a more proximal position, 7 and 8 

in a more distal position and landmarks 2, 3, 14, 17, 18, 19 

in a more posterior position (Bombylius minor). From 

Figure 3 it can be seen that CV1 also revealed a clear 

separation of all three species.  

The second canonical variate (CV2) accounted for 

approximately 43.55% of the overall wing shape variation, 

separated Bombylius major and B. minor from B. discolor. 

As shown by thin-plate splines, CV2 was associated with 

displacements of landmarks 1, 4 and 5, i.e. CV2 reflects a 

variation from a wing with relatively distal apical points of 

M1+R5 and M2 and relatively distal and posterior position of 

apical point of R1 (Bombylius major) to a wing with 

relatively proximal apical points of M1+R5 and M2 and 

relatively proximal and anterior position of apical point of 

R1 (Bombylius minor and B. discolor). 

DA successfully assigned almost all studied exemplars 

into their a priori species and sexes (Table 2). The 

percentage of correctly classified was about 99%, which 

indicated wing shape is a reliable predictor of interspecific 

discrimination. 
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Figure 3. Scatter plot of individual scores from the CVA comparing specimens of the three Bombylius species with the associated shape 

changes (circles-males, triangles-females) 

 

 

 

 

Table 2. Assignment of studied specimens to their a prori groups 

 

  
1 2 3 4 5 6 

% 

correct 

1 B. discolor male 11 0 0 0 0 0 100.00 

2 B. discolor female 0 12 0 0 0 0 100.00 

3 B. major male 0 0 11 0 0 0 100.00 

4 B. major female 0 0 0 37 0 0 100.00 

5 B. minor male 0 0 0 1 14 0 93.33 

6 B. minor female 0 0 0 0 0 20 100.00 

Note: Rows: observed classification; columns-predicted 

classification 

 

 

A general characteristic of sexual shape dimorphism in 

all three species is a narrowing of the region between CuA 

and A1 (landmarks 7 and 8) (Figure 4). The trend toward 

displacement of branching point of vein R2+3 and R4 

(landmark 18) have been revealed in Bombylius major and 

B. minor: landmark 18 is more distal in males than in 

females. In addition, sex-related variation in Bombylius 

major and B. minor involves a displacement of the point of 

intersection of M3+4 and the wing margin (landmark 6): it is 

in a more proximal position in males than in females. The 

sex-related variation in Bombylius major and B. minor was 

distributed in few dimensions than in Bombylius discolor. 

The pattern of sexual dimorphism in the latest involved 

(except as stated above) displacements of landmarks 1, 4, 

5, 9, 14 and 17. 

 
 

 

Figure 4. Changes in the wing shape associated with sexual 

dimorphism: the male average shape-black outlines, the female 

average shape-grey outlines. Species: A. Bombylius discolor, B. 

Bombylius major, C. Bombylius minor. 

A 

B 

C 
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Pairwise Procrustes distances among sexes ranged from 

0.0415 in Bombylius minor to 0.0853 in Bombylius major. 

Permutation tests showed the differences to be significant 

(P < 0.0001). The PC1 of wing shape sexual dimorphism in 

Bombylius major was similar from both the PC1 of B. 

discolor (39.82°, P < 0.0001) and Bombylius minor 

(40.00°, P < 0.0001). Similarity of sexual dimorphism in 

Bombylius major and B. discolor was confirmed by high 

matrix correlations between covariance matrices (MC = 

0.61, P < 0.0001). However, we observed a low correlation 

between covariance matrices of sexual dimorphism of 

Bombylius major and B. minor (MC = 0.14, P = 0.24) in 

one hand and Bombylius discolor and B. minor (MC = 

0.22, P = 0.02) on the other hand. The angle between the 

PC1 vectors of sex-related variation of Bombylius major 

and B. minor was 60.03° (P < 0.0001). 

The regression of shape variables on centroid size 

denied the occurrence of significant allometric effect of 

shape. Therefore, allometry explained 6.63% of 

interspecific variation. The allometric components of 

sexual dimorphism were 0.91% (Bombylius discolor), 

4.70% (Bombylius major) and 2.76% (Bombylius minor). 

In Europe, approximately 335 species of the family 

Bombyliidae occur (Evenhuis and Greathead 2015). 

According to the numerous faunistic data (Hasbenli and 

Evenhuis 2000; Nartshuk and Bagachanova 2012; 

Kahanpää et al. 2014; Katona 2017), diversity of bee fly 

increases from north to south, and the most species occur in 

southern regions.  

This paper is the first review of bee fly diversity of 

Republic of Mordovia. According to our data, fauna of the 

family Bombyliidae in Republic of Mordovia includes 21 

species. In general, representatives of transpalaearctic 

group (Bombylius medius, Hemipenthes morio, Systoechus 

ctenopterus, Villa hottentotta) are the most prevalent. 

Hemipenthes maura has been found at steppe meadow 

with motley-grass vegetation, this species visits bushes 

(Rosa cinnamomea, R. glabrifolia, R. rugosa). Systoechus 

ctenopterus has been found at dry meadow and meadow-

steppe sites. 

The first imago of bee flies appears in the Republic of 

Mordovia in April and May. In spring bombyliidae fauna is 

formed by the species of the genus Bombylius: B. discolor, 

B. major, B. medius. In the early summer the following 

species dominate: Anthrax anthrax, Bombylosoma 

unicolor, Exoprosopa capucina, Hemipenthes maura, H. 

morio, Thyridanthrax fenestratus and Systoechus 

ctenopterus. During July and August species Anastoechus 

nitidulus, Antrax varius, Villa hottentotta, Villa cingulum 

appear. In autumn species composition is poor and 

Anastoechus nitidulus remains. Bee flies preferred open 

space with grass vegetation; they are to be found on land, 

paths, and stones.  

Unfortunately, it has not been possible to compare the 

biodiversity of bombyliid flies with neighboring regions 

due to the lack of comprehensive data on their fauna. Only 

in a number regions of Russia fauna of the family 

Bombyliidae is well-studied (Zaitzev 1966; Nartshuk and 

Bagachanova 2012; Pestov and Yuferev 2015). 

The results of recent studies indicated that 

morphometric exploring wing shape variation represents an 

effective approach for finding differences between taxa and 

in examining of evolutionary transitions. Wing 

morphometric analysis produced interesting findings, for 

instance, of flies from the following families: Tabanidae 

(Torres and Miranda-Esquivel 2015), Tephritidae (Schutze 

et al 2012), Psychodidae (Dvorak et al. 2006) and 

Calliphoridae (Sontigun et al. 2017). These studies 

suggested that geometric morphometric analysis is a useful 

additional method for species discrimination, detection of 

differences between populations and sexes and 

consideration of evolutionary trends. 

Results of our geometric morphometric analysis of 

bombyliid species suggested that wing shape is a good 

discriminator of the species. Although it is not necessary to 

use this fact directly, because these three bombyliid species 

differ in wing coloration, the number of visible 

morphological characters, however, the qualitative and 

quantitative characteristics of these differences can provide 

information about the adaptations and developmental 

pathway of species. Both interspecific variation and sexual 

dimorphism of wing shape were associated with 

displacement of distal point of R1. The analysis revealed 

evolutionary trends in wing shape changes of Bombylius 

species. The first one represented displacement the 

terminus of R1 toward the apical part of wing from 

Bombylius minor and B. discolor to B. major.  

Sexual size and shape dimorphism is a widespread 

phenomenon in dipteral insects, and has therefore 

generated interest in evolutionary biology (Richard 1927; 

McLachlan 1986; Sivinski and Dorson 1992; Gidaszewski 

et al 2009). Sexual size and shape dimorphism is often the 

result of the different life strategies, roles in reproduction 

of males and females or adaptation of sexes to different 

ecological niches (Shine 1990) and in some cases carried a 

clear phylogenetic signal (Houle et al. 2003; Chursina and 

Negrobov 2018). 

Our study has yield the presence of sexual size and 

shape dimorphism in the studied bombyliid species (sexual 

size dimorphism is absent in Bombylius discolor). 

However, at this stage behavior data of bee flies are 

fragmentary, therefore, the differences in wing size and 

shape between sexes it is possible to estimate only 

theoretically. Poulton (1918) noted that Bombylius males 

are able to change the note of his humming, which 

represents an element of courtship behavior. Perhaps there 

is an interaction between wing size and shape and sounds 

issuing by males. The resent studies (Panov 2007) of the 

gut content of Bombylius major clearly showed quantitative 

differences in the diets of males and females. Both males 

and females visit the same plants, but females consume 

considerably more pollen. Therefore, it may be preliminary 

assumed that the increases of wing size in female may be 

an adaptation resulting in increase of aerodynamic forces 

that are proportional to wing area (Elington 1984). 

However, this explanation of wing dimorphism requires 

providing conclusive evidence and broader survey of 

species in future studies. 
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In addition, significant difference between R1 length of 

males and females flies was found for all studied species. 

Females are about 3.8% larger than males for R1 length. 

Since the anterior wing margin experiences the greatest air 

resistance in flight, it can be concluded that there is a clear 

trend to ‘costalization' of anterior veins, that may confer the 

improvement aerobatic ability of Bombylius flies. Similar 

trends were discovered in dolichopodid (Chursina and 

Negrobov 2018) and simuliids fly (Pepinelli 2013). 

Finally, we tested allometric relationships both the 

species and sex level by considering association between 

wing shape variables and wing centroid size. It was 

revealed that shape variation for these species, for the most 

part, is not allometric. In addition, there was no evidence 

for allometric relationships relating to sexual 

dimorphism.  

Our future research will be devoted primarily to the 

collection of morphometric data of other bombyliid species 

and enlarged samples to perform сomparative analyses of 

the interspecific relationships and to reveal a presence of 

phylogenetic signal in the interspecific variation and sexual 

dimorphism of wing shape. 
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Abstract. Santosa S, Sutarno, Purwanto E, Suranto, Sajidan. 2018. Molecular characterization of Plant Growth Promoting 

Rhizobacteria using 16S rRNA sequences in the organic rice field of Sukorejo Village, Central Java, Indonesia. Biodiversitas 19: 2157-

2162. Plant Growth Promoting Rhizobacteria (PGPR) are rhizosphere bacteria that can be utilized to increase plant growth and suppress 

plant diseases. PGPR concentrate on the concept of sustainable agriculture due to their role as biostimulant by synthesizing and 

regulating the concentration of various phytohormones and as biofertilizers. It is important to determine the original PGPR found in the 

roots of rice plants. This study aimed to identify PGPR based on 16S rRNA sequences. The bacterial strain was isolated from the 

rhizospheric soil of IR 64 organic and inorganic rice fields in the region of Sragen District, Central Java, Indonesia. The bacterial 

isolates were grown on the Luria Bertani (LB) Agar Medium. There were 10 colonies obtained with different morphological variations, 

nine of those were from the organic rice field. Molecular characterization using 16R rRNA sequences suggested the identity the nine 

isolates were of Pseudomonas aeruginosa strain RI-98-1, Stenotrophomonas maltophilia strain S431, Bacillus subtilis strain CEB2, 

Bacillus cereus strain ATCC 14579 clone EA195, S. maltophilia strain 5517, Exiguobacterium acetylicum strain SSA-3, Serratia 

nematodiphila strain HC4, Bacillus cereus strain ANP221, and Acinetobacter junii strain M. pstv. 21.4 Pseudomonas and Bassilus 

produce phytohormones (auxins) and convert inorganic phosphate to organic and Stenotropomonas can increase the growth of 

Acinetobacter and Exigobacterium as phosphate solvents in the soil. 

Keywords: 16S rRNA, organic rice field, Plant Growth Promoting Rhizobacteria 

INTRODUCTION 

There are two types of agricultural farming systems, 

namely the organic system and inorganic system. The 

organic farming system uses animal manure and compost 

as ingredients for fertilization on agricultural land. The 

agricultural system can be said to be organic if the 

minimum planting time is nine times planting or 3 years 

with organic fertilization. Biological properties contained 

in organic fertilizers can make food sources of micro-

organisms in the soil, such as fungi, bacteria, and other 

beneficial microorganisms (Hadisuwito 2008). Fertilization 

with biofertilizer is also able to improve soil fertility.  

The composition in organic fertilizers can supply NPK 

nutrients and provide micronutrients, so it can prevent 

micronutrient defects in marginal soils caused by 

unbalanced chemical fertilization. Organic fertilizer in 

agriculture is usually packaged in the form of compost. 

Compost fertilizer is an organic material that undergoes a 

decomposition process by decomposing microorganisms. 

Compost has good physical properties, including being 

porous, holding water, and providing plant nutrients 

properly (Setyorini et al. 2006). Setyorini et al. (2006) state 

that compost contains microorganisms (fungi, actinomycetes, 

bacteria, and algae). Soil microorganisms have an important 

role in phosphate solvent biofertilizers, such as Bacillus 

and Pseudomonas (Aarab et al. 2015). Soil microbes can 

increase plant growth as a growth booster (biostimulant) 

since it synthesizes and regulates growth regulating 

substances (phytohormones) such as IAA, gibberellin, 

cytokinin, and ethylene in roots and as a provider of 

nutrients (biofertilizer) by tethering N2 and dissolving P 

nutrients bound in the soil (Yolanda et al. 2011).  

Microbial diversity can be used as an indicator of soil 

fertility, such as Celulomonas and Lactobacillus. The 

microbes can produce a compound useful for plant fertility. 

One of the microbes in the soil is located near the root of a 

plant called rhizobacteria. These microorganisms are bacteria 

that live around the roots of plants. Rhizobacteria make the 

roots of plants as their source of life. Rhizobacteria can 

help all physiological processes in plants so that plants can 

grow well. Therefore, it is necessary to find and develop 

root-colonizing bacteria or potential rhizobacteria for plant 

fertilizers. Soil fertilizing microbes known as biofertilizers 

are soil fertilizing microbes which can improve the 

efficiency of fertilization, fertility, and soil quality. 
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Goenadi and Saraswati (1993) state that there are several 

groups of organic microbes which can dissolve nutrients in 

the soil. The first microbial group is P-solvent microbes. 

These microbes have high potential in dissolving bound P 

to be available P in the soil. Examples of these microbes 

include Pseudomonas, Micrococcus, Bacillus, Flavobacterium, 

Penicillium, Sclerotium, Fusarium, and Aspergillus. 

Aarab et al. (2015) reported the results of their research 

that rhizobacteria capable of transforming organic 

phosphates into inorganic phosphates were Aeromonas, 

Pseudomonas, and Enterobacter. Rhizobacteria that 

produce growth promoters that can increase plant growth 

are often called plant growth-promoting rhizobacteria 

(PGPR). Plant growth-promoting rhizobacteria need to be 

developed due to their benefits. Characterization of the 

original PGPR population for organic rice fields is very 

important to conduct to find strains that can be used to 

increase the growth and sustainability of organic rice fields. 

This study aimed to identify bacterial strains from the 

rhizosphere of rice in organic rice field based on 16S rRNA 

sequences. The results of this study can be used to increase 

rice productivity, especially in the Sukorejo Village, 

Sragen District, Central Java, Indonesia. 

MATERIALS AND METHODS 

Study area 

This study was conducted in the organic rice field in 

Sukorejo Village, Sambirejo Sub-district, Sragen District, 

Central Java Province, Indonesia (Figure 1). Sukorejo 

Village, a hilly area, is located at an altitude of 376 meters 

above sea level. The land in Sukorejo Village is mostly 

used for the agricultural sector, such as rice fields and 

plantations. Rice fields in Sukorejo village consist of two 

types, namely organic and inorganic rice fields. The area of 

the organic rice field in Sukorejo Village covers an area of 

42.19 ha. The study site of organic rice field is located at 

latitude 7°30'46.8" S and 111°08'45.9" E. The molecular 

work was carried out at the Laboratory of Microbiology, 

Department of Biology Education, Faculty of Teacher 

Training and Education, Sebelas Maret University (UNS) 

Surakarta, Indonesia. 

Isolation of PGPR from rhizhopore 

The bacterial strain was isolated from the rhizospheric 

soil of IR 64 organic and inorganic rice fields in the region 

of Sragen District, Indonesia. As much as 5 g of soil are 

diluted with sterile distilled water and dilution is carried 

out up to 10-9 and take 100 µL of suspense extraction to 

spread on the Luria Bertani (LB) Agar Medium. Then, LB 

Agar Medium is incubated for 48 hours at a temperature of 

28oC (room temperature). The number of colonies obtained 

is 10 bacterial colonies with different morphological 

variations. Bacterial colonies scratched by the quadrant to 

get a single colony. After obtaining a single colony, stored 

in 20% glycerol solution at -20oC. 

DNA isolation 

The culture of glycerol was grown using LB media and 

incubated 24 hours at 28C (room temperature). Culture 

DNA was obtained using the lysozyme-SDS-phenol-

chloroform method by Maniatis et al. (1982). DNA was 

extracted with phenol-chloroform-isoamyl alcohol 

(25:24:1) and precipitated with isopropanol. The extracted 

DNA was treated with DNAse-free RNAse (Sigma 

Chemical Co. St. Louis. MO. USA) at a final concentration 

of 0.2 mg.mL-1 at 37C for 15 min, followed by second 

phenol-chloroform-isoamyl alcohol extraction and 

isopropanol precipitation. The DNA pellet was 

resuspended in TE buffer (10 mM Tris HCl, 1 mM EDTA, 

pH 8), stored at -20C, and used as template DNA in PCR 

to amplify the 16S rRNA for phylogenetic analysis. 

 

 

 

 

  

 

Figure 1. The map of study site in the organic rice field of Sukorejo Village, Sambirejo Sub-district, Sragen District, Central Java 

Province, Indonesia 

SUKOREJO 
VILLAGE 
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PCR amplification and sequencing 

Total genomic DNA was electrophoresis using 0.8% 

agarose gel and visualized by UV transilluminator after red 

gel staining. Amplification of the 16S rRNA gene was 

performed using a T1-Thermocycler PCR machine with 

1387R primers pA (5′-GGGCGGWGTGTACAAGGC-3′) 

and 63F primers pH (5′-CAGGCCTAACACATGCAAGTC-

3') with a target fragment of ± 1300 bp, then the total 

volume of PCR reaction used was 50 μL, Primer was used 

for PCR amplification of 16S rRNA gene was 5’ (Marccesi 

et al. 1998). The amplification was carried out in a 25 µL 

volume. PCR amplifications were performed with 1 μL (1 

x Ex Taq Buffer), 5 μL forward primer, 5 μL reverse 

primer, 1 μL DNA template, 13 μL of nuclease-free water. 

The condition of PCR complied with the method of 

Marchesi et al. (1998). The temperature for PCR condition 

starts to pre-denaturation (94C, 5 minutes), denaturation 

(94C, 30 seconds), annealing (55C, 45 seconds), elongation 

(72C, 1 minute 30 seconds), post-elongation (72C, 10 

minutes), and cooling (4C, 5 minutes). Denaturation 

phase, primer attachment, and elongation were conducted 

for 35 cycles. The PCR product was migrated on 1.5% of 

agarose gel by electrophoresis technique at 85 V for 40 

minutes. The electrophoresis results were visualized using 

UV light after immersion using ethidium bromide dye for 

10 minutes. The size of the 16S rRNA gene ± 1300 bp. 

DNA sequencing was performed on the results of the 

amplification by Genetika Science Indonesia. 

The nucleotide sequences of 16S rRNA gene were 

analyzed using BLAST online at http://blast.ncbi.nlm.nih.gov/ 

Blast.cgi. The results of BLAST showed the similarity 

between the nucleotide sequences of the 16S rRNA gene of 

the obtained isolates and the nucleotide sequences of the 

16S rRNA gene in GenBank. Online alignment was done at 

http://expasy.org/tools/ on each isolate which had a kinship 

with several bacteria which had 99% similarity of 16S 

rRNA gene. The phylogenetic tree was constructed on the 

aligned datasets using the neighbor-joining method (Saitou 

and Nei 1987) implemented in the program MEGA 4.0. 

(Tamura et al. 2007)  

RESULTS AND DISCUSSION 

Identify plant growth promoting rhizobacteria (PGPR) 

The Query Cover (QC) for nine species of bacteria had 

a value in the range of 94% to 100% (Table 1). The E-

value of 0.0 indicated the number of alignments with a 

score equal to or higher than expected to occur in the 

database by chance. Therefore, the lower the E-value was, 

the more significant the score and the better quality of 

BLAST alignment search were. E-value was high in this 

study since the sequence of loci as the marker was very 

short. In this study, the 16S rRNA nuclear gene had a 

length of about less than 1300 base pairs (bp). Therefore, 

the search for similarities with the limited query sequence 

was performed. According to Claverie and Notredame 

(2003), DNA sequences have a high similarity if the Query 

Cover value approaches 100% and the E-value approaches 

0.0. Based on the Query Cover (QC), the E-Value of 0.0, 

and similarity, showed that the 9 selected isolate strains in 

the organic rice field were Pseudomonas aeruginosa strain 

RI-98-1 with QC (100) and similarity (94%), 

Stenotrophomonas maltophilia strain S431 with QC (100) 

and similarity (99%), Bacillus subtilis strain CEB2 with 

QC (100) and similarity (99%), Bacillus cereus strain 

ATCC 14579 clone EA195 with QC (100) and similarity 

(98%), S. maltophilia strain 5517 with QC (100) and 

similarity (98%), Exiguobacterium acetylicum strain SSA-3 

with QC (100) and similarity (99%), Serratia 

nematodiphila strain HC4 with QC (100) and similarity 

(99%), B. cereus strain ANP221 with QC (100) and 

similarity (99%), and Acinetobacter junii strain M. pstv. 

21.4 with QC (99) and similarity (98%). 

The 16S rRNA gene has a characteristic size of about 

500 bases until 1550 bp. For the 16S rRNA used for 

sequencing measuring 1300 bp. Where in that area is a 

converse area.  The use of 16S rRNA is often used in 

prokaryotic organisms rather than 23S rRNA because of its 

higher variation. In Eukaryote it uses 18S rRNA for 

identification. Therefore, identification of bacteria using 

16S rRNA. 

A phylogenetic relationship based on 16S rRNA nuclear 

gene 

The construction of phylogenic tree (Figure 2) 

described the phylogenetic relationship of the 9 species 

found, namely P. aeruginosa strain RI-98-1, S. maltophilia 

strain S431, B. subtilis strain CEB2, B. cereus strain ATCC 

14579 clone EA195, S. maltophilia strain 5517, E. 

acetylicum strain SSA-3, S. nematodiphila strain HC4, B. 

cereus strain ANP221, and A. junii strain M. pstv. 21.4. 

 

 

Table 1. The identity of 9 bacterial isolates found in the organic rice field based on 16S rRNA nuclear gene 
 

Isolate 
code 

Related species Query cover (QC) E-value Similarity (%) ACC number 

A Pseudomonas aeruginosa strain R1-98-1 100 0.0 94 JQ659534.1 
B Stenotrophomonas maltophilia strain S431  100 0.0 99 MF079262.1 
C Bacillus subtilis strain CEB2 100 0.0 99 MH220245.1 
D Bacillus cereus ATCC 14579 clone EA195 100 0.0 98 KY034413.1 
E Stenotrophomonas maltophilia strain 5517 100 0.0 98 HQ185398.1 
F Exiguobacterium acetylicum strain SSA-3 100 0.0 99 KY486010.1 
G Serratia nematodiphila strain HC4 100 0.0 99 KY357291.1 
H Bacillus cereus strain ANP221 100 0.0 99 KT074452.1 
I Acinetobacter junii strain M.pstv.21.4 99 0.0 98 KM108505.1 
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Figure 2. The phylogenetic tree based on sequencing of 16S rRNA gene using MEGA4 software (Tamura et al. 2007) 

 

 

  

 

Figure 2 showed that S. maltophilia strain S431 

MF079262.1 have similarity as the amount of 99% with S. 

maltophilia strain S431 MF079262.1, S. maltophilia strain 

PPB3 KJ959617.1, and S. maltophilia strain SBP9 

KJ950710.1. S. maltophilia strain 5517 HQ185398.1 have 

similarity as the amount of 98% with S. maltophilia strain 

S431 MF079262.1, S. maltophilia strain PPB3 

KJ959617.1, and S. maltophilia strain SBP9 KJ950710.1. 

S. nematodiphila strain HC4 KY357291.1 have similarity 

as the amount of 99% with S. nematodiphila strain HC4 

KY357291.1, Serratia marcescens strain IARI-IIWP-32 

KF054911.1, and S. nematodiphila strain DZ0503SBS1 

EU036987.1. A. junii strain M.pstv.21.4 KM108505.1 has 

similarity as the amount of 98% with Acinetobacter sp. 

IARI-IIWP-1 KF054906.1. P. aeruginosa strain R1-98-1 

JQ659534.1 have similarity as the amount of 94% with P. 

aeruginosa strain BHUPSB02 GU124826.1, P. aeruginosa 

strain BHUPSB01 GU124822.1, and P. aeruginosa strain 

R1-98-1 JQ659534.1. Five species include the Phylum 

Proteobacteria group (Verma et al. 2014).  
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Based on the results of phylogenetic can be grouped 

into six genera because of its very high proximity, i.e., (i). 

Stenotrophomonas sp. S. maltophilia strain S431 

MF079262.1 and S. maltophilia strain 5517 HQ185398.1; 

(ii). Serratia sp.: S. nematodiphila strain HC4 

KY357291.1; (iii). Acinetobacter sp.: A. junii strain M. 

pstv.21.4 KM108505.1; (iv). Pseudomonas sp.: P. 

aeruginosa strain R1-98-1 JQ659534.1; (v). Bacillus sp.: B. 

cereus strain ANP221 KT074452.1, B. cereus ATCC 

14579 clone EA195 KY034413.1, and B. subtilis strain 

CEB2 MH220245.1; (vi). Exiguobacterium sp.: E. 

acetylicum strain SSA-3 KY486010.1. 

Exiguobacterium acetylicum strain SSA-3 

KY486010.1. have similarity as the amount of 99% with E. 

acetylicum strain SSA-3 KY486010.1 and E. acetylicum 

strain IARI-IHD-21 KF054896.1. B. cereus ATCC 14579 

clone EA195 KY034413.1 have similarity as the amount of 

98% with B. cereus Strain Prhizo2 KU058893.1, B. cereus 

strain ANP221 KT074452.1, and B. cereus strain o3 ORG3 

KC984658.1. B. cereus strain ANP221 KT074452.1 have 

similarity as the amount of 99% with B. cereus Strain 

Prhizo2 KU058893.1, B. cereus strain ANP221 

KT074452.1, and B. cereus strain o3 ORG3 KC984658.1. 

B. subtilis strain CEB2 MH220245.1 have similarity as the 

amount of 99% with B. cereus Strain Prhizo2 KU058893.1, 

B. cereus strain ANP221 KT074452.1, and B. cereus strain 

o3 ORG3 KC984658.1. Four species include the Phylum 

Firmicutes group (Verma et al. 2014).  

Mahwish et al. (2015) reported that the genera Bacillus 

and Pseudomonas were the most dominant and most 

commonly found in various plant studies. Hayat et al. 

(2012) also reported that Bacillus, Enterobacter, 

Pseudomonas, and Serratia sp. were very good PGPRs 

with PGP properties such as IAA production, phosphate 

dissolution, and N2 fixation and were also used for crop 

production as bioinoculants. Bacillus sp. was also reported 

to increase grain yield (Çakmakçi et al. 2007), corn (Pal 

1998) and legumes. Gholami et al. (2009) also stated that 

the Pseudomonas bacteria inoculated on the seeds of corn 

plants were able to increase the growth and productivity of 

corn through phytohormone synthesis. 

Kishore et al. (2005) also revealed that many Serratia 

species had anti-fungal characteristics along with PGP 

properties and increased the growth and yield of legumes, 

corn, and sorghum. Research conducted by Rahni (2012) 

added that bacteria in the genera Pseudomonas, 

Azotobacter, Bacillus, and Serratia were able to increase 

the production of corn. This situation was due to the ability 

of PGPR to synthesize IAA phytohormones and ACC 

deaminase. Other causing factors were good nitrogen 

fixation ability, increased P nutrient availability, and 

siderophore. 

Various researchers reported that under controlled 

conditions, root and seed inoculation with PGPRs increased 

root growth through PGP activity. Better root growth 

generally produces good shoots and grain. Plants can 

reduce damage caused by insects. Similar results were 

presented by Shaharoona et al. (2008) who reported an 

increase in nutrient absorption efficiency by PGPRs 

inoculation which resulted in increased root growth and 

hence efficient absorption of nutrients by plants. Plants will 

be more resistant to drought, salinity, and toxins derived 

from metals and metals. Ashrafuzzaman et al. (2009) added 

that PGPR was able to induce IAA production. PGPR is 

also able to maintain plants against pathogens and pests. 

The use of PGPR can efficiently replace chemical 

fertilizers and pesticides for rice cultivation. Likewise, the 

use of PGPR to improve plant nutrition under sustainable 

agriculture has been reported by Karlidag et al. (2007).  

In conclusion, 16S rRNA gene was successful in 

distinguishing all species within seven species, i.e. S. 

maltophilia, A. junii, S. nematodiphila, Pseudomonas 

aeroginosa, E. acetylicum, B. cereus, and B. subtilis in 

Indonesia organic rice field. In addition, the 16S rRNA 

gene was also successful in resolving phylogenetic 

relationships at the genus level, namely genus 

Stenotrophomonas sp., Acinetobacter sp., Serratia sp., 

Pseudomonas sp., Exiguobacterium sp., and Bacillus sp. 
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Abstract. Villanueva ELC, Buot, JrIE. 2018. Vegetation analysis along the altitudinal gradient of Mt. Ilong, Halcon Range, Mindoro 

Island, Philippines. Biodiversitas 19: 2163-2174. The vegetation of Halcon Range is diverse, unique, and culturally important; however, 

there is a very limited information on its altitudinal distribution and structure, leading to the formation of land uses that trigger problem 

in sustainable management decisions for the mountain. This study analyzed the vegetation in land use types distribution along the 

altitudinal gradient of Mt. Ilong, Halcon Range, Mindoro, Philippines. Fourteen plots of 10 x 10m were established along the slope from 

100m-1400m elevation. The tree species that were sampled from the plots were subjected to classification and ordination analyses. The 

dendrogram showed three distinct vegetation zones corresponding land use types: Zone I (agroforest land use zone), Lansium-

Artocarpus-Swietenia-Ficus-Nephelium-Mangifera zone; Zone II (forest land use zone), Cyathea-Astronia-Syzygium-Garcinia-Ficus-

Psydrax-Diplodiscus zone; and Zone III (forest land use zone), Agathis-Suli-Alitugba-Ardisia zone. Canonical correspondence analysis 

(CCA) indicated that elevation, temperature and pH level are the environmental variables that strongly influenced the vegetation 

distribution in various land uses, a characteristic that is similar to other tropical mountains.  

Keywords: Canonical Correspondence Analysis (CCA), cluster analysis, dominance analysis, Halcon Range, Mt. Ilong  

INTRODUCTION 

Studying the structure of vegetation in tropical 

mountain areas has been of interest to many scientists, 

especially to conservationists, because of its fascinating 

shifts of vegetation along elevational gradients. In Mt. 

Halcon, a tropical mountain located in Mindoro Island, 

Philippines, some studies were previously conducted about 

its vegetation. The oldest and most comprehensive of 

which were conducted during an exploration study during 

the early 1900s (Ames 1907; Brotherus 1907; Copeland 

1907; Merrill 1907a,b). In a more recent study (Mandia, 

1998), the vegetation in the summit zone of Mt. Halcon 

was explored. These researches have proven the unique 

biodiversity of the mountain range, thus making it one of 

the Key Biodiversity Areas of the island (Ambal et al. 

2012).  

Mt. Ilong is one of the peaks along the Halcon Range. 

Dutson et al. (1992) provided a description of the forests in 

Mt. Ilong. The lower edge of the forest begins at 750m. It 

was also recorded that there was an intensive pit-saw 

logging in the area (at 750-850 m), resulting to a severe 

damage in the forest at that time. The primary forest 

occurred at 850-1000 m and above, which is a 

lowland/mid-mountain transition type, with a canopy 

reaching at approximately 15m. It then reaches its plateau 

at its peak (1,310-1440 m), with a stunted and uneven 

canopy with needle-leaved trees. Aside from its rich 

biodiversity, this mountain is part of the ancestral domain 

of the Alangan Mangyan, one of the indigenous groups 

living in Mindoro Island. 

While it is evident that the flora in Halcon Range is 

diverse and unique, there is no information on a detailed 

vegetation distribution and structure along the altitudinal 

gradient of the Halcon range. Altitudinal zonation studies 

will be of great help to conservation managers, as these 

studies provide a more detailed understanding of the 

vegetation distribution as well as its interplay with the 

environmental factors. 

The vertical structure and distribution of vegetation has 

been studied in the tropical mountains of the Philippines: in 

Mt. Pulag (Buot and Okitsu 1998), Mt. Akiki (Buot 2007), 

Mt. Mayon (Buot 2008), Aborlan Guba System (Sopsop 

and Buot 2011), Mt. Tabunan (Cadiz and Buot 2011), Mt. 

Pangasugan (Belonias and Aguilar 2004). These studies 

emphasize the floristic characteristics of the Philippine 

tropical mountains, most of which were found to be similar 

with tropical mountains in the Malesian region (van Steenis 

1964, Kitayama 1992, Aiba and Kitayama 1999). In 

another study in Mt. Makiling, the structure and 

distribution of vegetation has been applied to observe the 

land use type patterns (Buot and Osumi 2011). It has been 

seen in the studies in the Philippine tropical mountains that 

the anthropogenic disturbance can influence the vegetation 

distribution and structure, leading to variation in land use 

types.  

This study is an attempt to provide a comprehensive 

information on vegetation distribution plants in Mt. Ilong, 

Halcon Range, by analyzing the structure and dynamics of 

its tree species distribution. Specifically, the study 
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identified plant communities along the 100-1,400m 

elevation through cluster analysis. Furthermore, selected 

environmental variables that influence species distribution 

were also investigated through canonical correspondence 

analysis (CCA). 

MATERIALS AND METHODS 

Study area 

This study was conducted along the altitudinal gradient 

of Mt. Ilong, one of the peaks of the Halcon Range with an 

elevation of approximately 1,440 masl (Dutson et al. 1992). 

The highest peak in Mindoro Island is Mount Halcon 

(2,582 m). It is situated near the middle of the island 

separating two geopolitical areas, namely the provinces of 

Oriental and Occidental Mindoro (Figure 1). The foothold 

of the mountain range is inhabited by the Alangan people, 

the local people of the area. 

Mt. Ilong is part of Barangay Paitan, Municipality of 

Naujan, Oriental Mindoro, Philippines. Paitan is considered 

as the little town of the Alangan (Mandia 2004). While the 

communities in Paitan were described as more acculturated 

than the other Alangan communities in Mindoro Island, 

these people have been working as swidden cultivators in 

the lower slopes; while in the upper slopes towards its 

peak, they have retained their natural forests. From the 

higher to the lower elevations of Mt. Ilong, the Alangans 

obtain various valuable plant resources for their everyday 

living. Thus, the studying distribution of plants can be a 

valuable information to both the locals and conservation 

managers. Moreover, plants can also serve as identifiers of 

community types across the elevational gradient of Mt. 

Ilong. 

Mindoro Island experiences two weather types under 

the modified Corona’s classification: Type I and Type III. 

Type I, which is identified on the western side of the 

island, has two pronounced seasons: dry from November to 

April and wet for the rest of the year. Type III, which is the 

climate type on the eastern side, has no pronounced 

maximum rain period, with a short dry season ranging from 

one to three months, either during December to February or 

from March to May.  

 

 

 
  

 
 

 

Figure 1. The study area. The Philippine map is shown in the lower left with Mindoro Island emphasized in red box. Photo on the upper 

left shows a map of Mindoro Island with a more detailed location of Mt. Halcon and Mt. Ilong (marked as ▲). The positions of the 

sampling points are shown on the right, marked as red dots. Maps are generated using QGIS v.2.18.13. 
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There is no available meteorological record monitoring 

specifically for Halcon Range; however, some accounts by 

previous explorers have emphasized the very high humidity 

of the mountain, just like in other tropical mountains in the 

Philippines like Mt. Makiling and Mt. Pulag. Merrill 

(1907a,b) described Mt. Halcon as probably the most 

humid mountain in the Philippines, with rains occurring for 

nine months every year (May to January). Because of this 

condition, the abundance of ferns, mosses, and epiphytes 

are very remarkable, especially in the forest zones. The 

summit zone, on the other hand, has a drier climate having 

a temperature of around 16 °C, with mostly stunted 

vegetation interspersed with patches of tall shrubberies and 

forested areas (Mandia 1999). 

Field data collection 

Field data collection was done during the first week of 

May 2016. The vegetation sampling was conducted along 

the slopes of Mt. Ilong using quadrat method (Cottam and 

Curtis 1956). Fourteen sampling plots were established 

along the slopes of Mt. Ilong, each as a representative of 

100-meter altitude (Figure 1). Within each plot, the trees, 

as well as the associated shrubs and herbs were identified. 

For tree species, individuals with 1-meter height and above 

were considered, a quadrat of 10m x 10m starting from 

100-meter up to 1400-meter elevation. Within each 

quadrat, a 2m x 2m area was laid out for shrubs and 1m x 

1m for herbaceous vegetation. 

Soil samples from the topsoil layer of approximately 

30-centimeter depth were also collected from each of the 

sampling points. The samples were tested for pH, nitrogen, 

phosphorus and potassium levels using a soil test kit 

obtained from the Agricultural Systems Cluster, College of 

Agriculture, University of the Philippines Los Baños. 

For each species, the importance value (IV) (Curtis and 

McIntosh 1951) of each species was calculated as follows: 

 

 
 

To compute for the relative density, relative dominance 

and relative frequency, the following formula was used 

(Mueller-Dombois and Ellenberg 1974):  

 

 

 

 

 

 

 

 

 

 

 

 

The basal area was derived from the diameter at breast 

height (DBH) data of the trees using the formula: 
 

 

 

Where, d is equal to DBH (at 1.5m). For the herbs and 

shrubs, the dominance was measured using cover, which is 

the percent area covered by each species in a quadrat. 

Instead of relative dominance, the relative cover was used 

for herbs. 

All vascular plants were identified using keys and 

botanical literature, except for epiphytes and lianas. The 

nomenclature follows that of Merrill (1923-1926), Pancho 

(1983), Backer and Bakhuizen v.d Brink (1963-1968), 

Huang et al. (1993-2003), and Pelser et al. (2011-onwards). 

The scientific names were also validated through the 

International Plant Names Index (IPNI 2015). 

Voucher specimens of the unidentified plants were 

deposited at Plant Biodiversity Division Herbarium 

(PBDH), Institute of Biological Sciences, University of the 

Philippines Los Baños, Laguna, Philippines. Photographs 

of these specimens were also deposited at the herbarium.  

Cluster analysis 

To identify the major plant communities along the 

altitudinal gradient of Mt. Ilong, cluster analysis was done 

using abundance data of the tree species. Bray-Curtis 

similarity index was calculated from the dataset using 

Paleontological Statistics (PAST) Software version 3.13 

(Hammer 2001). This index is a measure of similarity that 

is applicable for abundance data (Bray and Curtis 1957). A 

dendrogram was then constructed using the unweighted 

pair-group method with arithmetic mean (UPGMA) 

hierarchical clustering method. 

Floristic diversity of each identified zone was also 

investigated. Shannon-Wiener index, Simpson’s diversity 

index, and Fisher’s alpha were all computed and graphed. 

Dominance analysis 

The dominance was based on the relative density of 

each tree species. The number of dominant species for each 

quadrat and identified zones was determined using the 

equation of Ohsawa (1984): 

 

 

 

Where, d is the deviation between the actual relative 

density values and the expected share of corresponding co-

dominant-number model, N is the total number of species, 

x1 is the actual percent share (relative density) of the top 

species T,  is the ideal percent share based on the model, 

and xj is the percent share of the remaining species U. 

In this equation, it is assumed that the ideal dominance 

(the "expected share") of a single species is 100%, 50% if it 

is shared by two co-dominants, 33.3% for three co-

dominant, etc. Consequently, the number of dominant 

species is determined by the one that showed the least 

deviation value.  
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Canonical Correspondence Analysis 

To determine the environmental variables influencing 

species distribution, canonical correspondence analysis 

(CCA) (ter Braak 1986) was used. Influences from 

environmental variables such as elevation, temperature, soil 

pH, nitrogen, phosphorus, and potassium levels were 

investigated. From these data, a CCA ordination diagram 

was created using statistical software R version 3.4.2 

(vegan package) (Oksanen et al. 2007). Temperature at 

different elevation levels was extracted from the climatic 

data obtained from the Philippine Atmospheric 

Geophysical and Astronomical Services Administration 

(PAGASA), using the assumption of Sarmiento (1986) that 

there is a corresponding decrease of 0.6°C in temperature 

for every 100-meter elevation rise. 

RESULTS AND DISCUSSION 

There were 66 tree species belonging to 37 genera in 27 

families (Table 1) that were found from the 14 sampling 

plots examined along with the gradient of Mt. Ilong. The 

plant families with the most number of species were 

Lauraceae (6), Moraceae (4),  Myrtaceae (4),  and 

Clusiaceae (3) (Table 1). The tree genera that were  

recorded with more than one representative species include 

Ficus, Garcinia, Syzygium, Hopea, and Ardisia. 

Figure 2 shows the dendrogram of the 14 sampling sites 

along the altitudinal gradient of Mt. Ilong, East Halcon 

Range. At a similarity index of around 0.05, there was a 

delineation of each sampling site into three distinct 

clusters. Zone I was identified as agroecosystem zone, 

while Zones II and III were identified as forest zones.  

Altitudinal zones 

Zone I: Lansium-Artocarpus-Swienenia-Ficus-Nephelium-

Mangifera (agroforest land use) 

The first zone was delineated from the cluster diagram 

(Figure 2) at a similarity index of around 0.04, which is 

composed of plots from 100 to 400m altitude. This zone 

was a kaingin (swidden) area maintained by the Alangan 

people. The vegetation mainly composed of fruit trees such 

as Lansium parasiticum, Nephelium lappaceum, Mangifera 

indica, and Cocos nucifera. Aside from tree species, coffee 

(Coffea robusta) is also planted in this area. Some 

associated herbs are fern species (Diplazium sp., 

Nephrolepis sp.), weeds and grasses that are representatives 

of families Asteraceae, Poaceae, and Cyperaceae (Table 2). 

The dominant land use in this zone is agroforestry. The 

maximum diameter at breast height (DBH) recorded in this 

zone was at 63.0 cm in the third sampling plot. 
 

 

 
 

Figure 2. Dendrogram of 14 sampling sites on the altitudinal zones in Mt. Ilong, Halcon Range obtained by UPGMA using Bray-Curtis 

index of similarity. The elevation of each sampling site and its dominant species are indicated at the right side of the diagram. The 

zonations identified are as follows: Zone I) Lansium-Artocarpus-Swienenia-Ficus-Nephelium-Mangifera; Zone II) Cyathea-Astronia-

Syzygium-Garcinia-Ficus; Zone III) Agathis-Suli*-Ardisia-Alitugba*. Species in asterisk (*) are unidentified, thus written in its local 

name. Bootstrapping was done at n=100; cophenetic correlation is 0.9268 
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Table 1. Tree species composition in the various sampling plots. Relative density (RD) in % derived from density values. Dominant and co-dominant species are indicated by asterisks (*) and 

are bordered by a line. 

 

Sampling Site 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Altitude (m) 69.25 197.75 293.75 399.25 492 610.75 703.25 792 914.25 996 1091.5 1230 1292.75 1368.25 

Plot size (m2) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

Maximum DBH (cm) 24.8 59.8 63.0 18.5 17.8 45.5 17.2 94.5 126.7 96.1 28.7 23.6 47.8 158.5 

Name of species [Family] RD RD RD RD RD RD RD RD RD RD RD RD RD RD 

Lansium parasiticum (Osbeck) K.C.Sanhi and Bennet [Meliaceae] 60.0* 33.3*             

Nephelium lappaceum L. [Sapindaceae] 20.0*              

Mangifera indica L. [Anacardiaceae] 10.0  50.0*   8.7         

Cocos nucifera L. [Arecaceae] 10.0              

Swietenia macrophylla [Meliaceae]  33.3*             

Ficus sp. [Moraceae]  22.2*             

Artocarpus heterophyllus Lam [Moraceae]  11.1  66.7*           

Citrus x microcarpa Bunge [Rutaceae]   50.0*            

Psydrax dicoccos Gaertn. [Rubiaceae]    16.7  34.8* 3.1        

Cratoxylum sumatranum (Jack) Blume [Hypericaceae]     54.54*          

Saurauia mindorensis Merr. [Actinidiaceae]     18.2*          

Cyathea contaminans [Cyatheaeceae]     9.1 26.1* 12.5* 25.0* 15.1* 13.3* 13.0*  6.7  

Litsea sp. [aylanglang] [Lauraceae]      13.0* 3.1   3.3   13.3*  

Ficus ampelas Burm.fil. [Moraceae]           43.5*    

Hopea malibato Foxw. [Dipterocarpaceae]           21.7*    

Astronia sp. [Melastomataceae]      8.7 15.6* 4.2 20.8* 6.7*   6.7 8.3 

Diplodiscus paniculatus Turcz. [Malvaceae]       15.6*   6.7*     

Syzygium gigantifolium (Merr.) Merr. [Myrtaceae]      4.3 15.6*  20.8* 3.3     

Actinodaphne sp. [Lauraceae]       6.25*        

Phoebe sterculoides Merr. [Lauraceae]        4.2  10.0*     

Syzygium sp. [Myrtaceae]         1.9    6.7  

Mallotus cumingii Müll.Arg. [Euphorbiaceae]          16.7*     

Syzygium sp. [Myrtaceae]          13.3*   6.7  

Ardisia sp. [Primulaceae]       3.1 20.8*       

Garcinia sp. [Clusiaceae]       3.1 16.7* 32.1*    6.7  

Xanthophyllum bracteatum Chodat [Polygalaceae]       3.1       8.3 

Adinandra elliptica C.B.Rob. [Pentaphylaceae]        8.3*     6.7  

Agathis philippinensis Warb. [Araucariaceae]            50.0*   

Ardisia sp. [Primulaceae]            16.7*   

Macaranga bicolor Müll.Arg. [Euphorbiaceae]    16.7           

Macaranga sp. [Euphorbiaceae]     9.1        6.7  

Garcinia sp. [Clusiaceae]          3.3   13.3*  

T17              25.0* 

T18            5.6 13.3* 25.0* 
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T24             6.7  

T25             6.7  

Dacrycarpus imbricatus (Blume) De Laub. [Podocarpaceae]              8.3 
T15              8.3 

T19              8.3 

T20              8.3 
Ficus sp. [Moraceae]     9.1          

Medinilla magnifica Lindl.      4.3         

Garcinia binucao (Blanco) Choisy [Clusiaceae]       3.1        

Barringtonia acutangula subsp. acutangula (L.) Spreng. [Lecythidaceae]       3.1        

Cyrtandra oblongata [Gesneriaceae]       3.1        

T63       3.1        

T65       3.1        

T35        4.2  3.3  5.6   

T48        4.2  3.3     

Cryptocarya sp. [Lauraceae]        4.2  3.3     

T58        4.2       

Terminalia microcarpa Decne. [Combretaceae]        4.2       

Buchanania arborescens (Blume) Blume [Anacardiaceae]         5.7      

Schefflera elliptica Harms [Araliaceae]         3.8      

Evodia sp. [Rutaceae]          6.7     

T45          3.3     

T47          3.3     

Barringtonia racemosa Spreng [Lecythidaceae]           8.7    

T38           4.3    

Cinnamomum mercadoi S.Vidal [Lauraceae]           4.3    

Actinodaphne multiflora Benth. [Lauraceae]           4.3    

Tristaniopsis decorticata (Merr.) Peter G. Wilson and J.T.Waterh. [Myrtaceae]            5.6   

Adonidia merrillii (Becc.) Becc. [Arecaceae]            5.6   

Hopea plagata S.Vidal [Dipterocarpaceae]            5.6   

T37            5.6   
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Zone II: Cyathea-Astronia-Syzygium-Garcinia-Ficus 

irisana (forest land use) 

At around a similarity index of 0.05, the two forest 

zones were further defined from the dendrogram. The first 

forest zone delineated was Zone II, which is a huge cluster 

from 500-1,100m and 1,300m elevation. This zone had a 

lot of co-dominant species (15) based on the dominance 

analysis. This zone is a mossy forest that was composed of 

a mixture of pioneer and climax species. Tree ferns 

(Cyathea contaminans) were frequently occurring among 

all the plots in this zone. Also, the tree trunks and branches 

in this zone were mostly colonized with mosses, which can 

be attributed to its very humid environment. Because this 

zone is primarily dominated by trees, there were only a few 

plots in this zone which were found out to have plants of 

smaller habits (Table 3). Shrubs were found to be present at 

500, 600, and 800m, while herbs were found at 500 and 

900m. Zone II. The top three species with the highest DBH 

were Garcinia sp. (94.54cm), Syzygium sp. (126.69cm), 

and barang (96.1cm). 

Zone III: Agathis-Suli-Ardisia-Alitugba (forest zone) 

The last identified zone was a mossy forest represented 

by two sampling points, at 1,200m and 1,400m. Some 

gymnosperms thrive in high-altitude zone such as 

Dacrycarpus imbricatus and Agathis philippinensis. Other 

identified trees found in this zone were Ardisia sp., 

Astronia sp., Xanthophyllum bracteatum, Tristaniopsis 

decorticata, and Adonidia merrillii. Shrubs and herbs were 

only found at a sampling point at 1,400 and are shown in 

Table 4. The highest DBH among all tree species in this 

study was recorded in this zone, which is exhibited by a 

lone species of D. imbricatus (158.5cm). Other tree species 

with the highest DBH include X. bracteatum (20.7cm), 

alitugba (26.4cm) and A. philippinensis (23.6cm). 

Structural characteristics of the forest zones 

The changes in the floristic characteristics in each 

sampling plot is illustrated in Figure 3. The graphs show 

the changes in the measures of diversity (number of 

species, Shannon-Wiener Diversity Index, Simpson Index, 

and Fisher’s Alpha) across an increasing elevation gradient. 

It was observed that the diversity of agroforestry zone 

(Zone I) is lower than that of the forest zones (Zones II and 

III). The usual situation in tropical mountains is that the 

lower elevations contain the higher diversity than in the 

higher altitudes; however, this is not the case in Mt. Ilong, 

which had a lower diversity in the lower altitudes. This is a 

characteristic shared by other tropical mountains in the 

Philippines (Buot and Okitsu 1998, Buot 2007, Buot 2008, 

Buot and Osumi, 2011). 

 

 

 
Table 2. Associated shrubs and herbs in Zone I: Lansium-Artocarpus-Swienenia-Ficus-Nephelium-Mangifera (agroecosystem zone) 

 

Local name Scientific name Family RD RF RDo IV* 

Shrubs       

kape Coffea canephora Pierre ex A.Froehner Rubiaceae 25.00 33.33 25.00 83.33 

saransok Melastoma polyanthum Burm.f. Melastomataceae 58.33 33.33 62.50 154.17 

balitongtong Clerodendron macrostegium Schauer Lamiaceae 16.67 33.33 12.50 62.50 

Herbs       

pako (paku-pakuan) Diplazium sp. Athyriaceae 9.76 9.09 15.38 34.23 

kulapi Axonopus compressus (Sw.) P.Beauv. Poaceae 15.45 18.18 7.69 41.32 

Unidentified Unidentified Unidentified 2.44 9.09 12.92 24.45 

uting Mikania cordata (Burm.f.) B.L.Rob Asteraceae 0.81 9.09 7.08 16.98 

Unidentified Cyperus sp. Cyperaceae 24.39 9.09 9.23 42.71 

dulangan Pollia secundiflora (Blume) Bakh. f. Commelinaceae 2.44 9.09 1.54 13.07 

laplapi Unidentified Poaceae 28.46 9.09 23.08 60.62 

itos Pteris sp. Pteridaceae 4.07 9.09 7.69 20.85 

habu-habu Elephantopus tomentosus L. Asteraceae 2.44 9.09 6.15 17.68 

baybalu Nephrolepis sp. Nephrolepidaceae 9.76 9.09 9.23 28.08 

Note: *RD = relative density, RF = relative frequency, RDo = Relative dominance, and IV = Importance Value 
 

  
 

Table 3. Associated shrubs and herbs in Zone II: Cyathea-Astronia-Syzygium-Garcinia-Ficus irisana (agroecosystem zone). 

 

Local name Scientific name Family RD RF RDo IV* 

Shrubs       

uyason Freycinetia sp. Pandanaceae 12.5 25 32.79 70.29 

tibanwa Dracaena angustifolia (Medik.) Roxb. Asparagaceae 12.5 25 8.20 45.70 

pulbabuyon Mussaenda philippica A.Rich Rubiaceae 75 50 59.02 184.02 

Herbs       

pako (paku-pakuan) Diplazium sp. Athryriaceae 20.00 25.00 21.43 66.43 

arantoy Hydrangea chinensis Maxim. Hydrangeaceae 40.00 25.00 14.29 79.29 

urat Carex filicina Nees Cyperaceae 20.00 25.00 35.71 80.71 

alangniwang Begonia sp. Begoniaceae 20.00 25.00 28.57 73.57 

Note: *RD = relative density, RF = relative frequency, RDo = Relative dominance, and IV = Importance Value 
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Table 4. Associated shrub and herbs in Zone V: Agathis-Suli-Ardisia-Alitugba (forest zone). 

 

Local name Scientific name Family RD RF RDo IV* 

Shrubs     

balais Leea sp. Leeaceae 65.00 50.00 66.67 181.67 

uyason Freycinetia sp. Pandanaceae 35.00 50.00 33.33 118.33 

       

Herbs     

arantoy Hydrangea chinensis Maxim. Hydrangeaceae 64.71 50.00 21.05 135.76 

itos Pteris sp. Pteridaceae 35.29 50.00 78.95 164.24 

Note: *RD = relative density, RF = relative frequency, RDo = Relative dominance, and IV = Importance Value 

 
 

 

  

  
 

Figure 3. Structural characteristics of the five identified zones of Mt. Ilong, Halcon Range, Philippines. A. Number of species S, B) 

Shannon-Wiener Diversity Index H, C) Simpson Index 1-D, and D) and Fisher’s alpha, α 

 

 
 

 

Table 5. Environmental variables of the plots grouped according 

to identified zones in the cluster analysis 

 

Zone Plot Elevation 
Soil properties 

pH N P K 

I 

1 69.25 6.4 High Low Sufficient 

2 205 6.8 High High Deficient 

3 293.75 6 High Low Deficient 

4 399.25 6 High Low Sufficient 

II 

5 492 6 High Low Sufficient 

6 610.75 6 Medium Low Sufficient 

7 703.25 5.8 Low Low Deficient 

8 792 6 Medium Low Sufficient 

9 914.25 6 Medium Low Sufficient 

10 996 6 Low Low Sufficient 

11 1091.5 5.8 Low Low Deficient 

13 1230 6 High Low Sufficient 

III 
12 1292.75 6 Low Low Sufficient 

14 1368.25 6 High Low Sufficient 

 

 

Relationship of the environmental variables to 

vegetation distribution in land use types 

The environmental variables that were used in 

canonical correspondence analysis (CCA) include 

elevation, temperature, soil pH, nitrogen, phosphorus, and 

potassium levels. The list of environmental variables 

recorded per sampling plot is recorded in Table 5. 

Using the assumption of Sarmiento (1986) on the 

temperature changes across altitudinal gradients in tropical 

mountains, the temperature data for each sampling plot 

used in CCA was extrapolated from the average 30-year 

data in Calapan City, Oriental Mindoro, the nearest weather 

station from Mt. Ilong. The climogram (Figure 4) shows 

that there is no pronounced dry season in Oriental Mindoro, 

with the least rainfall recorded within the first quarter of 

the year. The lowest average rainfall was recorded during 

the months of February (70.0mm) and March (93.8mm). 

The temperature, on the other hand, ranges from 25.9 to 

28.7°C. 

A A 

A A 
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Figure 4. Climogram (average of 30 years for temperature and 

rainfall data) of Calapan City, Oriental Mindoro, the nearest 

weather station to the study area 

 

 

The CCA ordination diagram (Figure 5) was generated 

to show how the tree species were distributed along the 

selected environmental variables. The biplot, in general, is 

consistent with the clustering formed in the dendrogram 

(Figure 2). The encircled sampling plots (marked as ●) in 

Figure 5a were the three vegetation zones corresponding to 

land uses identified in the cluster analysis. 

A remarkable pattern among the distribution of tree 

species is that species of Zone I are positioned at the left 

side of the biplot while tree species of the forest zones 

(Zones II and III) are situated on the right side of the biplot 

(Figure 5b). Among the five given variables, the elevation 

and temperature are found out to be the most important 

variables that affected the species distribution, as most of 

the species were plotted near these environmental 

variables. Moreover, the environmental arrows 

representing the soil properties are also oriented towards 

the left side of the diagram, indicating that the soil 

properties have affected the distribution of trees from the 

agroecosystem zone (Zone I).  

Discussion 

Vegetation structure and land use types   

 This study delineated three zones based from the 

cluster analysis of the abundance data of the tree species 

(Figure 2). These zones were reflective of the current land 

use types across the altitudinal gradient of Mt. Ilong. Zone 

I can be identified as agroforestry zones, which were 

mostly made up of cultivated fruit trees that cater the needs 

of the Alangan people, the inhabitants on the lower slopes 

of Mt. Ilong. Zones II and III, on the other hand, were 

identified as forest zones made up of a mixture of pioneer 

and climax species and had a lot of co-dominants.   

Generally, the lower montane forests in Southeast Asia 

are mainly composed of dipterocarps or an 'oak-laurel' 

assemblage (Ashton 2003). This pattern was observed at 

least in some mountains in the Philippines, like the oak-

laurel forest in Mt. Pulag (Buot and Okitsu 1999) and the 

dipterocarp forest of Mt. Makiling (Buot and Osumi 2011). 

In Mt. Ilong, several trees from Family Lauraceae such as 

Litsea, Actinodaphne, Phoebe, Cinnamomum, and 

Cryptocarya were found in the two forest zones (Zones II 

and III). A few dipterocarps were also identified, belonging 

to genus Hopea (Table 1). 

Another striking observation in the tree composition of 

Mt. Ilong is the dominance of tree ferns (Cyathea 

contaminans) in most of the plots, especially in Zone II, the 

largest cluster in the dendrogram (Figure 2). Cyathea is 

known to play a prominent role in lower mountain forest 

areas (Richter 2008), as these species tend to thrive in an 

environment with high humidity (Banaticla and Buot 2005; 

Delos Angeles and Buot 2015). Tree ferns are common 

inhabitants of tropical montane cloud forests (Penafiel 

1989). The humid climate prevalent in Mt. Ilong (Figure 5) 

is conducive for these tree ferns, as well as for the mosses, 

to grow. Meanwhile, towards the high-altitude Zone III, 

presence of southern conifers such as Agathis and 

Dacrycarpus was observed (Table 1). These trees were 

known to be thriving in mountain areas of higher elevations 

in the Malesian region (Enright and Jaffré 2010).  

The usual trend in the diversity patterns of plant species 

in tropical mountains is that the number of species, genera, 

and families and tree assemblages decreases with 

increasing elevation (Aiba and Kitayama 1999, Kitayama 

1992); however, this trend is not observable in some of the 

tropical mountains in the Philippines, such as in Mt. Pulag 

(Buot and Okitsu 1998), Mt. Mayon (Buot 2008), and Mt. 

Makiling (Buot and Osumi 2011). Similarly, in Mt. Ilong 

(Figure 3), this was also the case, wherein the lower 

elevations generally exhibited lower diversity than in the 

plots of higher elevations. Anthropogenic disturbances 

have played a role in modifying vegetation in tropical 

forests of the Philippines (Sopsop and Buot 2013), leading 

to observable changes in land use along elevational 

gradients in most of the mountains in the country. In Mt. 

Ilong, the vegetation composition in the lower elevations is 

being limited by the agroforestry practices. This is 

evidenced by the presence of fruit trees mostly dominating 

in the Zone I (Table 1), such as lanzones (Lansium 

parasiticum), rambutan (Nephelium lappaceum), mangga 

(Mangifera indica), and niyog (Cocos nucifera).  

Species-environment interaction   

The results in the ordination analysis (Figure 5) showed 

that the elevation and temperature are the major 

environmental variables that have contributed to the tree 

species distribution in Mt. Ilong. Altitude is known to be 

the greatest influencing factor in the changes in floristic 

composition and diversity in tropical mountains (Hemp 

2006), including the mountains in Southeast Asian region 

(Kitayama 1992, Van and Cochard 2017, Nguyen et al. 

2015) and in the Philippines (Buot and Okitsu 1998, Buot 

2007, 2008). The composition of the tree assemblages is 

determined primarily by elevation and the associated 

environmental gradients such as temperature (Culmsee and 
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Leuschner 2013). There is a decreasing temperature trend 

across an increasing elevation gradient (Sarmiento 1986). 

This decline in temperature affects the respiratory 

processes of trees, as well as organic matter storage and 

decomposition (Culmsee and Leuschner 2013). 

The environmental variables can also have an impact in 

the presence of dominant species in a tropical forest like in 

Mt. Ilong. By comparing the dominants of the two forest 

zones, it was observed that forests in lower elevations 

(Zone II) had more co-dominants than in higher elevations 

(Zone III) (Figure 2). A structure having many co-

dominants in the lower formations of tropical forests is 

natural due to interspecific competition among tree species 

(Grubb 1977). Culmsee and Leuschner (2013) further 

explained this characteristic, stating that in lower elevations 

there is a strong competition among species for light and 

the presence of a higher number of taxa. However, towards 

higher elevations, the effect of environmental filtering to 

the plants species tends to increase, as the decreasing 

temperature limits productivity and nutrient cycling 

become increasingly important. Furthermore, taxa sensitive 

to cold environments become excluded increasingly at 

higher elevations. This environmental filtering was 

evidently illustrated in the ordination diagram of sampling 

plots generated from the results of CCA (Figure 5a). The 

plots in Zone III were plotted inversely with the soil 

variables, and the species were different (Table 1) and less 

diverse (Figure 5).  
 

 
 

Figure 5. CCA ordination diagrams of tree density data in Mt. Ilong showing [a] sampling plots only (●); and [b] sampling plots and 

species (+), both of which are positioned with respect to environmental variables (blue arrows). First axis is horizontal; second axis is 

vertical. The environmental variables are: elevation = mean elevation, temp = temperature, pH = soil pH, N = nitrogen level, P = 

phosphorus level, and K = potassium level. The eigenvalues of axis 1 (CCA1) and axis 2 (CCA2) are 0.9340 and 0.8246 respectively. 

The eigenvalues of axes 3, 4, 5 and 6 (not shown in the diagram) are 0.6767, 0.5787, 0.5066, and 0.3907 respectively. The most 

abundant species are labeled in this diagram with their abbreviated names: Lanspara = Lansium parasiticum, Citrmicr = Citrufortunellla 

microcarpa, Artohere = Artocarpus heterophyllus, Mangindi = Mangifera indica, Macabico = Macaranga bicolor, Psyddico = Psydrax 

dicoccos, Macasp = Macaranga sp., Cyatcont = Cyathea contaminans, Ardisp = Ardisia sp., Ficuiris = Ficus irisiana, and Agatphil = 

Agathis philippinensis. The figure shows 21.23% of the total inertia (weighted variance) and 44.96% of the variance in the weighted 

averages and class totals of the species with respect to the environmental variables. 

A 

B 
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The soil nutrients can affect the vegetation structure in a 

tropical forest ecosystem. This has been evident in some 

studies in the forest formations in the Philippines, where it 

was also found that soil nutrients (Sopsop and Buot 2013), 

as well as its water holding capacity (Cadiz and Buot 2011) 

can affect the vegetation structure. In tropical mountains, 

soil nutrients such as nitrogen are known to decrease in 

level while the altitude increases (Aiba and Kitayama 1999, 

Kitayama 1992). High plant diversity in low-nutrient soils 

in the tropical forests is possible because of the soil's 

ability to limit the domination of the strong plant 

competitors. This, therefore, allows many species to co-

exist in an ecosystem (Richter 2008). This characteristic is 

very much applicable to the two forest zones (II and III), 

which have many co-dominant species. 

The two forest zones (II and III were delineated in the 

dendrogram (Figure 2) as these two zones have different 

dominant species, as shown in their tree species 

composition (Table 1). Zone II, in general, is mostly 

dominated by tree ferns (Cyathea contaminans), which 

were absent in Zone III. Gymnosperms such as Agathis and 

Dacrycarpus, on the other hand, were found in Zone III, 

which are naturally occurring in high-altitude areas. 

In general, in tropical mountain ecosystems, the 

distribution of tree species is a result of the interaction of 

multiple environmental factors that limit the species 

distribution simultaneously (Tanner et al. 2008). Edaphic 

factors such as soil pH and nutrient levels, as well as 

climatic variable like temperature were found to be varying 

across an altitudinal gradient in Mt. Ilong, which in turn 

resulted to delineation of specialized the tree communities 

reflecting different land use types. 

In conclusion, contrary to the usual trend in tropical 

mountains, the structural characteristics of Mt. Ilong were 

found to be similar with other mountains in the Philippines, 

wherein the tree species diversity tends to increase along 

the altitudinal gradient. The vegetation of Mt. Ilong in 

Halcon Range, Mindoro Island was distributed through a 

complex interplay of environmental factors. Among the 

environmental variables examined, elevation, temperature, 

and pH have strongly influenced the distribution of tree 

species in Mt. Ilong, which in turn resulted to 

specialization of the three identified plant communities 

reflecting different land use types. Among the three 

identified zones, Zone I was distinct from Zones II and III 

as these were mainly agroforestry areas, a land use that is 

shaped by the Alangan people, the primary users of Mt. 

Ilong. Towards Zones II and III, the two forest zones, the 

influence of environmental variables, especially 

temperature and elevation were evident. These findings on 

the vegetation distribution along an elevational gradient 

can be considered as valuable information for the 

conservation management of Mindoro flora, as well as for 

the preservation of the culture of the local people. 

In future studies, it is recommended to account the 

effect of human disturbance in the ordination analysis as 

this has a crucial role in the changes in vegetation structure 

of tropical mountains such as Mt. Ilong. To improve and 

update the information on the floral diversity of Halcon 

Range, further vegetation studies in the other areas of 

Halcon Range is also recommended. A higher number of 

plots to be established will also be helpful in providing a 

more comprehensive picture of the vegetation structure of 

the Halcon Range in general. 
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Abstract. Ritonga FN, Dwiyanti FG, Kusmana C, Siregar UJ, Siregar IZ. 2018. Population genetics and ecology of Sumatran camphor 

(Dryobalanops aromatica) in natural and community-owned forests in Indonesia. Biodiversitas 19: 2175-2182. Dryobalanops aromatica 

Gaertn. f. (Sumatran camphor) is a valuable tree species that produces borneol (camphor) and good-quality timber. However, the 

population of this species has declined due to illegal logging and conversion of forests into plantations and has been classified as 

Critically Endangered by the International Union for Conservation of Nature. This study aimed to examine the genetic variation and 

spatial distribution of this species in a community-owned forest (Barus) and two natural forests (Singkohor and Danau Paris) in 

Indonesia using the Random Amplified Polymorphic DNA marker. The results of this study showed that D. aromatica had moderate 

levels of genetic variation (expected heterozygosity [He] = 0.1760 [Barus population] to 0.2134 [Singkohor population]) and genetic 

differentiation (Nei’s Gst = 0.1257). The genetic distance was the smallest between the Singkohor and Danau Paris populations (Nei’s 

distance = 0.0363) and greatest between the Singkohor and Barus populations (Nei’s distance = 0.0534). The spatial distribution of D. 

aromatica was grouped in both Barus and Danau Paris based on Morisita’s index of diversity (ip = 0.06 and 0.043, respectively). These 

findings indicated that genetic conservation might be performed in situ in combination with enrichment planting using locally 

propagated sources. 

Keywords: Conservation, Dryobalanops aromatica, genetic variation, RAPD, spatial distribution 

INTRODUCTION 

Dryobalanops aromatica Gaertn. f. (Sumatran 

camphor) is a valuable tree species that produces borneol 

(camphor) in the form of crystals and oil, which contains 

bioactive compounds that have antioxidant, antifungal, and 

cytotoxic effects and can even counteract the spread of 

human immunodeficiency virus (Wibowo et al. 2011). 

However, populations of D. aromatica are declining as a 

result of deforestation, forest fires, and conversion of 

forests into oil palm (Elaeis guineensis) plantations 

(Gusmailina 2014). This species is now being considered 

as a rare plant in Indonesia, particularly in Central Tapanuli 

and Aceh Singkil Regencies and categorized as Critically 

Endangered by the International Union for Conservation of 

Nature (Dwiyanti et al. 2014; Gusmailina 2014). 

Consequently, it is crucial that populations of D. aromatica 

are conserved and supplemented through propagation. In 

Central Tapanuli, D. aromatica is being conserved through 

the development of community-owned forests. Such ex-situ 

conservation requires the population size to be sufficiently 

large to ensure genetic diversity within each population and 

reduce the chances of inbreeding, which will reduce the 

genetic diversity (Nguyen et al. 2014). However, only a 

small population is being maintained because of 

commercial plantations, mainly oil palm plantations, 

offering greater economic opportunities for the local 

people. In addition, there is a lack of information on the 

genetic diversity and structure of the species in this area, 

which is a fundamental requirement for the development of 

appropriate conservation strategy and sustainable forestry 

management (Tsumura 2011; Dwiyanti et al. 2015).  

One of the molecular markers that can be used to 

determine genetic diversity within and between populations 

is the Random Amplified Polymorphic DNA (RAPD). The 

main advantages of this marker are that it produces 

sufficiently high levels of polymorphism, randomly 

samples the whole genome, and is technically relatively 

quick and easy to perform (Yulita and Partomihardjo 

2011). The results can then be used in combination with 

various additional data to determine the overall status of 

the genetic diversity of a species (Kaur et al. 1978). Such 

data can include the ecological characteristics of a species 

such as its structure and composition, which can be 

determined through vegetation analysis. Therefore, this 

study was aimed to assess the genetic diversity and spatial 

distribution of D. aromatica in Central Tapanuli and Aceh 

Singkil Regencies to help formulate the most appropriate 

strategy for its genetic conservation. We believe that the 

findings of this study will help to conserve this critically 
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endangered plant through both in situ and ex situ 

conservation strategy. 

MATERIALS AND METHODS 

Study site 

This study was conducted between October 2015 and 

May 2016. Leaves and field data were collected from a 

community-owned forest in Barus Sub-district, Central 

Tapanuli District, North Sumatra Province (02°04′17.9″N, 

98°21′32.1″E) and two natural forests in Aceh Singkil 

District, Nanggroe Aceh Darussalam Province (Singkohor, 

02°30′24.2″N, 97°58′23.4″E, and Danau Paris, 

02°19′10.9″N, 98°08′25.7″E) (Figure 1). DNA extraction 

and RAPD analysis were carried out in the Laboratory of 

Forest Genetics and Molecular Forestry, Department of 

Silviculture, Faculty of Forestry, Bogor Agricultural 

University (IPB), Bogor, Indonesia. 

Leaf morphological variation analysis 

Leaves were sampled for morphological variation 

analysis according to the methods by Kremer et al. (2002) 

and Anwar (2015) with some modifications in which sinus 

width (SW) of the leave were not measured due to the 

differences in the leave form. One branch bearing at least 

five leaves were collected from each tree, and the following 

measurements were taken for each leaf: lamina length 

(LL), petiole length (PL), lobe width (LW), length of 

lamina at the widest part (WP), number of secondary veins 

(NSV), an angle between the primary and secondary veins 

(AV). The measured leaf variables were then used to 

calculate the leaf area (LA) and circumference of leaves 

(CL), aspect ratio (AR), form factor (FF) and perimeter 

ratio of diameter (PR) according to the methods by Wu et 

al. (2007) and Anwar et al. (2015). These data were then 

compared among populations using t-tests in Minitab 

version 16 (Minitab 2010). 

Genetic variation analysis 

About 7-30 young leaf samples were collected from 

each site for DNA analysis. DNA extraction was carried 

out using the cetyltrimethylammonium bromide (CTAB) 

method (Weising et al. 2005; Aritonang et al. 2007), and 

the quality of the extracted DNA was determined by 

agarose gel electrophoresis, soaking the gel in a solution of 

ethidium bromide for 15 min, and photographing it on a 

TFX-20.LM model UV transilluminator (Suharsono and 

Utut 2012). 

  

 

 

 

 
 

 
 

 
  
 

Figure 1. Location of the three Dryobalanops aromatica populations examined in this study 
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Table 1. RAPD sequence primers used in this study (Lee et al. 

1999; Yulita and Partomihardjo 2011) 

 

Locus Sequence 

primer (5′-3′) 

Tm (°C) Expected 

size (bp) 

Number of 

polymorphic 

loci 

OPA-09 GGGTAACGCC 32-38 250-1100 15 

OPB-08 GTCCACACGG 32-38 250-1050 12 

OPB-16 TTTGCCCGGA 32-38 250-1200 13 

OPB-20 GGACCCTTAC 32-38 300-1250 8 

OPP-09 GTGGTCCGCA 32-38 250-1150 7 

OPP-10 TCCCGCCTAC 32-38 300-1100 11 

OPP-14 CCAGCCGAAC 32-38 250-900 12 

OPP-15 GGAAGCCAAC 32-38 250-1000 9 

OPP-19 GGGAAGGACA 32-38 200-1050 10 

OPC-07 GTCCCGACGA 32-38 350-1450 11 

 

 

Table 2. Morphological traits of Dryobalanops aromatica leaves 

at the Danau Paris and Barus study sites 

 

Leaf 

morphological 

traits 

Site 

Danau Paris CV (%) Barus CV (%) 

LL (cm) 9.52 ± 1.55a 6.14L 10.59 ± 1.27b 8.33L 

PL (cm) 0.94 ± 0.14a 6.71L 0.756 ± 0.23b 3.28L 

LW (cm) 4.18 ± 0.49a 8.53L 4.53 ± 0.4b 8.39L 

WP (cm) 3.76 ± 0.61a 6.16L 4.37 ± 0.59b 7.40L 

NSV 73.0 ± 12.5a 5.84L 68.1 ± 12.6a 5.40L 

AV (°) 74.12 ± 5.24a 14,15L 72.52 ± 3.53a 20.54H 

LA (cm) 126.0 ± 26.5a 4.75L 152.5 ± 31.6b 4.83L 

CL (cm) 43.52 ± 5.40a 8.05L 48.0 ± 5.20b 9.23L 

AR 2.29 ± 0.48a 4.77L 2.5 ± 0.26a 9.04L 

FF 0.83 ± 0.06a 13.83L 0.82 ± 0.04a 20.5H 

PR 10.46 ± 1.30a 8.04L 10.64 ± 0.82a 12.98L 

Note: Different letters indicate significant differences between the 

study sites (t-test, p < 0.05). LL = lamina length; PL = petiole 

length; LW = lobe width; WP = length of lamina at largest width; 

NSV = number of secondary veins; AV = angle between the 

primary and secondary veins; LA = leaf area; CL = circumference 

of leaves; AR = aspect ratio of leaf; FF = form factor; PR = 

perimeter ratio of diameter; L = low; H = high 

 

 

Ten RAPD primers were selected based on the previous 

studies of Lee et al. (1999) and Yulita and Partomihardjo 

(2011) (see Table 1). The genetic diversity of D. aromatica 

populations was then assessed by interpreting the resulting 

DNA electropherogram and analyzing the data using 

POPGENE 32 version 1.31 (Yeh et al. 1999). Furthermore, 

NTedit version 1.07c (Jamshidi and Jamshidi 2011) and 

NTSYS version 2.0 (Rohlf 2008) software were used to 

generated dendrogram derived from UPGMA cluster 

analysis using Dice coefficient of similarity of RAPD 

marker. The number of genetically homogeneous 

populations (K) was estimated in STRUCTURE version 

2.3.4 (Pritchard et al. 2000) using a Bayesian model-based 

clustering method. A burn-in of 20,000 iterations was 

performed followed by 100,000 Markov chain Monte Carlo 

iterations. Results were then collated using STRUCTURE 

HARVESTER (Earl and von Holdt 2012), which showed 

that the model was run for K values ranging from 1 to 8, 

with five replications for each K value. 

Vegetation analysis 

Vegetation was sampled using systematic sampling 

along transects (100 m long, 20 m wide) from random start 

points. Three transects were established in the natural 

forests at an altitude of 0-250 m above sea level (asl) or 

>250 m asl, whereas two transects were created in the 

community-owned forest. Nested plots of varying size (20 

× 20 m, 10 × 10 m, 5 × 5 m, and 2 × 2 m) were established 

within each of the transects (Soegianto 1994). The 

distribution pattern of D. aromatica was then determined 

by calculating Morisita’s index of dispersion (Krebs 1989). 

RESULTS AND DISCUSSION 

Morphological variation of the leaves 

The leaves of D. aromatica trees growing in the 

community-owned forest at Barus had significantly greater 

lamina lengths, length of the widest leaves to the leaf base, 

and maximum leaf widths than those of trees growing in 

the natural forest at Danau Paris (Table 2), with the 

maximum leaf widths of trees from both locations 

matching the range of 3-6 cm observed by Lemmens and 

Bunyapraphatsara (2003). By contrast, the petiole length 

was significantly longer in trees in Danau Paris than that in 

trees in Barus. Furthermore, trees in Danau Paris had 

significantly more secondary veins in their leaves and a 

considerably greater angle between the veins than those in 

Barus. There were no significant differences in any of the 

other traits measured. Furthermore, leaves from both 

locations had similar form factors (FFs) of <1, indicating 

that they were not round (Wu et al. 2007), and leaf 

roundness was categorized as highly elliptical. 

Diversity was assessed by calculating the coefficient of 

variance (CV). Based on a CV value of >20% indicating 

high diversity (Suhartini and Tintin 2010), only the angle 

between the veins and form factor of leaves in the Barus 

population exhibited high levels of variation (Table 2). 

This general lack of variation in leaf morphology is likely 

due to the short distance between sampling locations and 

the low level of genetic variation between subpopulations. 

Genetic diversity within populations 

There was little difference in the observed number of 

alleles (Na), the effective number of alleles (Ne), percentage 

of loci polymorphic (PLP), expected heterozygosity (He), 

and Shannon’s information index (I) between populations 

of D. aromatica growing in Danau Paris and Barus (Table 

3). However, based on He, PLP, and Na, the Barus 

population had the highest genetic diversity, whereas the 

Singkohor population had the lowest genetic diversity. 

These differences cannot be explained by differences in 

altitude because He is not affected by altitude and 

Singkohor, Danau Paris, and Barus are located at altitudes 

of 56, 200, and 46 m asl., respectively. Similarly, Srihari et 

al. (2013) found no correlation between genetic variation of 

Hippophae spp. and altitude. 
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Table 3. Genetic diversity parameters in populations of 

Dryobalanops aromatica at the three study sites 

 

Population n PLP (%) Na Ne He I 

Singkohor  7 55.5600 1.5556 1.2973 0.1760 0.2686 

Danau Paris  23 80.5600 1.8056 1.3250 0.2066 0.3271 

Barus 30 88.8900 1.8889 1.3365 0.2134 0.3408 

Mean 20 75.0033 1.7500 1.3196 0.1987 0.3122 

Note: n = number of individual, PLP = percentage of loci 

polymorphic, Na = observed number of alleles, Ne = effective 

number of alleles,, He = expected heterozygosity, I = Shannon’s 

information index. 
 

 

Table 4. Genetic distance based on Nei’s unbiased measures and 

geographical distance (km) 

 

Population Singkohor Paris Danau Barus 

Singkohor  * 27.8G 64.4G 

Paris Danau 0.0363g * 36.3G 

Barus 0.0534g 0.0478g  * 

Note: g = genetic distance, G = geographical distance. 

 

The mean PLP value for D. aromatica was 75.00%. By 

contrast, other species in Dipterocarpaceae have been 

found to have lower PLPs, including Vatica guangxiensis 

(32.46%; Li et al. 2002), Dipterocarpus retusus and D. 

hasseltii (56.06% and 63.63%, respectively; Sumiyati et al. 

2009), and Parashorea chinensis (20.80%; Li et al. 2005) 

using RAPD markers. Yulita and Partomiharjo (2011) 

argued that in RAPD analyses, the larger the number of 

individuals in a sample, the more alleles there will be and 

thus the higher the number of polymorphic loci.   

Genetic diversity between populations 

Comparison of the genetic and geographical distances 

between the three study populations indicates that the 

higher the distance between locations, the higher the 

genetic distance (Table 4). Similarly, Schnabel and 

Hamrick (1990) and Alpert et al. (1993) concluded that 

genetic distance is positively correlated with geographic 

distance. Julisaniah et al. (2008) stated that cross-

pollination between plants with a small genetic distance or 

similar relationship increases homozygosity, whereas 

cross-pollination between plants with a large genetic 

distance or distant relationship increases heterozygosity. 

Therefore, this information will be useful when formulating 

conservation strategies for D. aromatica, particularly for 

the production of high-quality seeds. 

Cluster analysis showed that the individuals in each 

population were widely spread (Figure 2). This is presumably 

due to the three populations having a close relationship or 

low genetic diversity among them (Dst = 0.0285, Table 5). 

The total genetic diversity in all populations (Ht) was 

0.2272, whereas the average genetic diversity within 

populations (Hs) was 0.1987 (Table 5). By contrast, the 

genetic diversity between populations (Dst) was 0.0285, 

which is much lower than both Ht and Hs. Genetic 

differentiation between the populations (Gst) was 12.57%, 

which is considered intermediate, whereas gene flow (Nm) 

between the populations was 3.4787, which reflects the 

mixed pollination system of D. aromatica that is facilitated 

by insects, wind, and water (Hamrick and Godt 1990). 

Similarly, Lee et al. (2000) using allozyme markers showed 

that D. aromatica growing in Peninsular Malaysia had an 

Nm of 6.6900 and pollination assisted by insects, water, 

and wind. This contrasts with the Nm value of 1.8424 for 

Dipterocarpus littoralis, in which pollination is only 

assisted by insects (Yulita and Partomihardjo 2011), 

indicating that insects are the primary pollinators of 

Dipterocarp species. Several species of bee have been 

identified as pollinators of D. aromatica, including Apis 

melliphera (Harata et al. 2012), A. dorsata, and A. indica 

(Appanah 1985; Ashton 1988). 

Genetic structure of the populations 

According to STRUCTURE HARVESTER, the genetic 

structure of D. aromatica varied considerably between the 

Singkohor, Danau Paris, and Barus populations (Figure 3). 

Analysis of the genetic patterns indicated that the highest 

value of ΔK was obtained when K = 2 (ΔK = 412.00). 

Therefore, STRUCTURE analysis divided the D. 

aromatica populations into two clusters: the natural forests 

(Singkohor and Danau Paris) and the community-owned 

forest (Barus). 

Species diversity and spatial distribution 

Seedlings, saplings, and trees in the natural forest at 

Danau Paris had high levels of species diversity (H′ > 3), 

whereas the poles had intermediate levels (Table 6). By 

contrast, all growth stages, except seedlings, had 

intermediate levels of species diversity (H′ = 2-3) in the 

community-owned forest at Barus. 

Both sites had dominance (C) values of <0.5 (Table 6), 

indicating that no dominant species was present. C values 

are used to determine the concentration and distribution of 

dominant species, being higher when there is a higher 

abundance of one particular species and lower when 

several species are codominant. In addition, C values can 

be used to determine the distribution pattern of a species, 

with a value of <1 indicating that the population has a 

clumped distribution. 
 
 

Table 5. The average genetic diversity of Dryobalanops aromatica in Sumatra, Indonesia and Peninsular Malaysia and Dipterocarpus 

littoralis in Central Java, Indonesia based on the analysis of Nei (1978) 
 

Species Site Ht Hs Gst Dst Nm Reference 

Dryobalanops aromatica Aceh Singkil and North Sumatra  0.2272 0.1987 0.1257 0.0285 3.4787 This study 

D. aromatica Peninsular Malaysia 0.5550 0.5350 0.0360 0.0385 6.6900 Lee et al. 2000 

Dipterocarpus littoralis Nusakambangan, Central Java 0.1958 0.154 0.2135 0.0418 1.8424 Yulita and 

Partomihardjo 2010 

Note: Ht = genetic diversity in all populations, Hs = genetic diversity within the population, Gst = genetic differentiation, Dst = genetic 

diversity between populations;,Nm = gene flow 
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Figure 2. UPGMA dendrogram of Dryobalanops aromatica from the three study sites in Sumatra, Indonesia (S= Singkohor, B= Barus, 

DP=Danau Paris) based on RAPD profiles 

 

 

 

 
 

Figure 3. Population structure of Dryobalanops aromatica at the three study sites in Sumatra, Indonesia. The populations were 

separated into two clusters: Singkohor and Danau Paris (red), and Barus (green) 

 

 

 

Table 6. Species diversity and dominance indices at Danau Paris and Barus, Sumatra, Indonesia 

 

 

Danau Paris Barus 

Seedlings Saplings Poles Trees Seedlings Saplings Poles Trees 

H′ 3.8125 3.2049 2.8927 3.0370 3.0364 2.1292 2.8721 2.9781 

C 0.0729 0.0888 0.0944 0.1197 0.1022 0.1775 0.0820 0.0850 

 Note: H′ = Shannon’s diversity index; C = Simpson’s dominance index. 

  

Singkohor Danau Paris Barus 
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Morisita’s index of dispersion also indicated that the D. 

aromatica populations at both Danau Paris and Barus had 

clumped distributions (ip < 1; Table 7). Barbour et al. 

(1987) stated that plant species tend to have clumped 

distributions because they reproduce by seeds that fall close 

to the parent plant, and Sofiah et al. (2013) demonstrated 

that clumped distribution patterns could be generated in 

populations with high and low abundances. Both sites 

appeared to have a higher frequency and density of D. 

aromatica than other species in each growth stage, despite 

D. aromatica not having flowered in the last three years, 

supporting Lee (2000) argument that there is no correlation 

between the density of mature trees in a population and 

their level of flowering. 

Dryobalanops aromatica was the most dominant 

species in the natural and community-owned forests based 

on the abundance of species from seedlings to trees. The 

importance value index (IVI) is used to describe the 

relative dominance of a species based on abundance, with a 

value of >10% indicating that a particular species is 

associated with other species (Sofiah et al. 2013). D. 

aromatica was associated with different species at each site 

in the seedling and sapling stages (Table 8) as a result of 

differences in altitude, microclimate, soil type, and 

surrounding communities between the sites. However, 

poles of D. aromatica were associated with Shorea spp. 

(meranti putih) and Xanthophyllum excelsum at both 

locations. In all growth stages (seedling to tree), the IVI of 

D. aromatica was the highest at Barus. This is likely due to 

this site having appropriate conditions (e.g., altitude, 

rainfall, and soil) for D. aromatica growth; Barus has clay 

soil texture and lies at an altitude of 46 m a.s.l., whereas 

Danau Paris has a dusty, clayey soil texture and is located 

at an average altitude of 230 m a.s.l. However, the factors 

that will have the most significant effect on the IVI at each 

site are human-related. In the community-owned forest at 

Barus, all species of commercial plants are well maintained 

until they reach maturity, resulting in Artocarpus rigidus, 

Aporusa aurita, Gluta rengas, and Shorea spp. being most 

closely associated with D. aromatica. By contrast, in the 

natural forest at Danau Paris, there is no human 

intervention, resulting in D. aromatica being the most 

closely associated with Shorea spp., Koompassia 

malaccensis, Sterculia macrophylla, Sindora leiocarpa, 

and Barringtonia sp. 

 

 

 

Table 7. Dispersion indices of Dryobalanops aromatica at Danau Paris and Barus 

 

  id Σx Σx2 (Σx)2 Mu Mc ip Pattern 

Danau Paris 1.23 64.00 229.00 4096.00 0.79 1.27 0.43 Clumped 

Barus 1.13 32.00 118.0 1024.00 1.13 2.09 0.06 Clumped 

Note: id = Fisher’s index of dispersion, Σx = sum of the number of individuals of a species in a square, Σx2 = sum of the squares of the 

number of individuals of a species, Mu = uniform index, Mc = clumped index, ip = Morisita’s index of dispersion 

 

 

 
Table 8. Plants associated with Dryobalanops aromatica at Danau Paris and Barus 

 

Growth stage  Danau Paris IVI Barus IVI 

Seedling Dryopteris immersa   15.92 Dryobalanops aromatica 40.95 

 Aspelnium sp. 13.77 Piper miniatum Blume  11.28 

  Nephrolepis hirsutula  19.48 Flacourtia rukam  16.25 

      
Sapling  Dryobalanops aromatica 34.30 Hevea brasiliensis 36.59 

 Sindora leiocarpa 25.80 Dryobalanops aromatica 47.72 

 Barringtonia sp. 11.81 Aporusa aurita  21.13 

   Agrostictachys sessilifolia 16.59 

      Artocarpus rigidus 33.18 

      
Pole Xanthophyllum excelsum 11.61 Shorea spp. 17.93 

 Teysmaniodendron sp. 15.43 Dryobalanops aromatica 51.07 

 Shorea spp. 15.47 Artocarpus rigidus 26.61 

 Barringtonia sp. 12.77 Xanthophyllum excelsum 28.98 

 Sindora leiocarpa 14.35 Gluta renghas 40.17 

 Sterculia macrophylla 49.54 Artocarpus integer  16.55 

  Dryobalanops aromatica 51.06   

      

Tree Sterculia macrophylla 10.41 Shorea spp. 18.33 

 Shorea spp. 19.84 Dryobalanops aromatica 69.19 

 Dryobalanops aromatica 66.09 Artocarpus rigidus 15.24  

 Nauclea sp. 17.39 Xanthophyllum excelsum  28.72 

 Barringtonia sp. 23.37 Gluta renghas 21.66 

 Koompassia malaccensis 32.21   
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In conclusion, D. aromatica had an intermediate level 

of genetic diversity (He = 0.1987), with the Barus 

population having the highest levels (He = 0.2134) and the 

Singkohor population having the lowest levels (He = 

0.1760). D. aromatica also had an intermediate level of 

genetic differentiation (Gst = 12.57%), with no evidence of 

the three populations being genetically segregated. This 

species had clumped spatial distribution patterns at Danau 

Paris and Barus (ip = 0.06 and 0.43, respectively). These 

findings indicated that in situ management in combination 

with enrichment planting in areas with a low abundance of 

plants using locally sourced seeds or other plant materials 

would be an effective genetic conservation strategy for D. 

aromatica. 
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Abstract. Iskandar BS, Iskandar J, Partasasmita R, Alfian RL. 2018. Planting coffee and take care of forest: A case study on coffee 

cultivation in the forest carried out among people of Palintang, Highland of Bandung, West Java, Indonesia. Biodiversitas 19: 2183-

2195. People of Palintang hamlet of highland of Bandung, West Java have interacted with the forest ecosystem for a long time. In the 

past, initially, they cultivated forest by practicing swidden farming system (ngahuma) based on the traditional ecological knowledge 

which strongly embedded with local culture. During the Dutch colonial, some people of Palintang involved as the laborer of various 

activities of the culture system in the forest. After Indonesian independence, Palintang people have participated as laborers in various 

activities in the mixed-cropping (tumpangsari) program of the Forestry Service (Dinas Kehutan) and later on the State Forestry 

Corporation (Perhutani). In 1983, the tumpangsari program was formally prohibited because of its potency to cause environmental 

destructions, but some people of Palintang have continuously planted vegetables in the forest to get household income. Although the 

cultivation of vegetables in the forest provided some economic benefits, however, some forest destruction and environmental 

destructions, including soil erosion, landslide, pesticide pollution have not been inevitable. In 2005 Perhutani launched the management 

of forest resources together with the community (PHBM=Pengelolaan Sumber Daya Hutan Bersama Masyarakat), mainly by 

introducing Arabica coffee (Coffea arabica L) to be planted in the pine (Pinus merkusii Jungh) forest to replace the farming of 

vegetables in the forest. This paper elucidates the historical process of introduction of Arabica coffee in the pine forest of Palintang 

through the PHBM program of Perhutani. The method used in this study was qualitative with descriptive analysis. Some techniques, 

namely observation, semi-structured interview, and participant observation were applied in this study. The result of the study showed 

that the introduction of coffee had been adopted by rural people of Palintang through a long time process with learning by doing. It was 

revealed that several factors caused the residents accepting coffee plants to be cultivated on forest land, i.e., coffee plants were only once 

planted in the past in their area, and the area is suitable for coffee cultivation. Besides, coffee has been considered to be planted and give 

economic benefits; and was initially planted in combination with annual crops, including vegetables, so that before the coffee is 

produced, the rural people can still produce annual agricultural products such as vegetable crops. However, when the coffee started to 

produce, time allocation, labor, and capital were more emphasized on the cultivation of coffee instead of vegetable crops; thus, 

cultivation of vegetables is gradually reduced and even stopped. The forest ecosystem of Palintang can be utilized and maintained by the 

rural community as indicated by their perception of the forest ecosystem. Thus, people of Palintang have increased awareness that they 

want to protect forest areas after their coffee cultivation in the forest area provides economic benefits to them.  

Keywords: Coffee, farmers, forest, Palintang, PHBM program, West Java 

INTRODUCTION 

From environmental history or ecological history, forest 

in West Java has changed over time due to many factors, 

including population growth and government policy. Since 

the early nineteenth century onward, since population 

density has increased, more permanent agroecosystem 

types including wet rice field (sawah), homegarden 

(pekarangan), mixed-perennial crops (kebun campuran), 

and garden (kebun) have evolutionally developed from 

conversion of forest to create agroecosystem types 

(Soemarwoto 1984; Iskandar and Iskandar 2011; Iskandar 

et al. 2016). Forests in West Java have also changed over 

time caused by the government policy. For example, since 

the Dutch colonial, forests of West Java have been widely 

opened and cultivated by commercial wood plants and 

crops, including teak, cinnamon, tea, cinchona, tobacco, 

coffee, and pepper (Geertz 1963; Elson 1994; Iskandar 

1998; Muhsin 2017; Iskandar et al. 2017; Kurniawan et al. 

2018; Fineso 2018). Post-colonial period, most forests in 

West Java have been managed by the Forestry Service 

(Dinas Kehutanan), and in 1972 it was changed to the State 

Forestry Corporation (Perhutani). Since the early 1970s, 

the Perhutani introduced management program called the 

prosperity approach program implemented in the 

development of mixed-cropping (tumpangsari) program 
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which was initially introduced in 1895 (Perum Perhutani 

1994). Based on the tumpangsari program, rural 

communities have been involved as laborers in various 

activities of forestry programs, including land preparation, 

wood seedling preparation, and wood trees maintenance 

(Kartasubrata 1986). In the tumpangsari program, rural 

communities have also been allowed to plan annual crops 

(palawija), including beans, corn, cassava and cucumber in 

the forest. Theoretically, the tumpangsari programs could 

provide some benefits for both Perhutani and rural 

community. For example, the rural communities involved 

in the tumpangsari program may get jobs and produce 

annual crops planted in the forest to fulfill the household 

needs. Meanwhile, the Perhutani obtained cheap labor 

from rural communities involved in various activities, 

including land preparation, nursery and seedling 

preparation, and planting plants in the forestry program. 

However, the tumpangsari program failed to maintain and 

to rehabilitate forest ecosystem. 

In many cases, the young wood plants such as 

mahogany, teak, and pine failed to grow in the forest 

rehabilitation programs, but the cultivation of annual crops 

carried out by rural people cannot be controlled. For 

example, since the upland condition of West Java that is 

suitable for cultivation of vegetables, many upland areas of 

this region, including Palintang of North Bandung have 

been predominantly planted with vegetable crops such as 

cabbage, potato, and tomato in the pine forest. Although 

the cultivation of vegetables in the forest provided 

economic benefits, some environmental problems including 

soil erosion and pesticide pollution are not inevitable 

(Iskandar et al. 2017).  

To improve management of forest production in Java, 

in 2001 Perhutani launched the Management of Forest 

Resources with the Community (PHBM=Pengelolaan 

Sumberdaya Hutan Bersama Masyarakat). Based on the 

Perhutani (the Forestry Minister's Decree No 136 / KPTS / 

2001), PHBM program is known as a forest management 

system jointly carried out by Perhutani and forest village 

communities with stakeholders so that the common interest 

in achieving sustainability of the functions and benefits of 

forest resources can be realized optimally and proportionally. 

In the realization of the PHBM program, the Perhutani has 

introduced Arabica coffee (Coffea arabica L) to be farmed 

in mixture cropping with Eucalyptus trees in the forest of 

Pangalengan, South Bandung in the early 2000s 

(Widaningsih 2016). Similarly, the forest of Rancakalong, 

Sumedang, has also been farmed by Arabica coffee 

integrated with pine (Pinus merkusii) trees through the 

PHBM program in 2007 (Hasan et al. 2018).     

Like Pangalengan and Rancakalong, the Arabica coffee 

has also been introduced by Perhutani in Palintang since 

2005. Actually, on the basis of ecological history, the forest 

of Palintang of Manglayang complex has been planted with 

various commercial plants including tobacco, quinine, tea, 

and coffee since the Dutch colonial, and local communities 

have been involved as laborers in multiple activities in the 

forestry program. Indeed, in the post-colonial, local 

communities of Palintang have been engaged as laborers in 

the tumpangsari program of the Forestry Service (Dinas 

Kehutanan) and later on the State Forestry Corporation 

(Perhutani) (Iskandar et al. 2007). Therefore, the people of 

Palintang, particularly the old generation, have had 

experience in planting crops in the forest. The people of 

Palintang have lately adopted introduction of Arabica 

coffee plants through PHBM program in Palintang forest of 

Perhutani aiming at replacing the farming vegetables with 

coffee plants to provide a good income for the local 

community and also to protect the pine forest.  

This paper elucidates the ecological-historical process 

of introduction of Arabica coffee in the pine forest of 

Palintang Hamlet, Cipanjalu Village, Cilengkrang Sub-

district, Bandung District, West Java, Indonesia through the 

PHBM program of Perhutani. Three aspects will be 

elucidated in this paper, namely the ecological history of 

coffee introduction in the forest; cultivation of coffee trees 

in the forest; and some benefits of coffee cultivation in the 

forest of Palintang. 

MATERIALS AND METHODS 

Study site 

The study was carried out in Palintang hamlet that is an 

enclave hamlet in the pine forest of Perhutani. 

Administratively, Palintang hamlet is one of the hamlets of 

Cipanjalu Village, Cilengkrang Sub-district, Bandung 

District, West Java, Indonesia (Figure 1). 

The Palintang hamlet has located approximately 8 km 

from traditional market of Ujung Berung that is a center of 

the Ujung Berung Sub-district of Bandung Municipality, 

West Java. To reach the Palintang from Ujung Berung, we 

can use a vehicle through a good asphalt road, but it is 

rather narrow (Figure 2.A). The Palintang is situated 

directly adjacent to the Perhutani pine forest area (Figure 

2.B). This area includes the northern Bandung highland at 

approximately 1,400 m above sea level. Geographically, 

Palintang is a hilly area which covers the base of 

Manglayang mountain. The land use of Palintang is devoted 

to settlement and homegarden, fishpond, and garden. The 

air temperature of Palintang hamlet is recorded approximately 

28º- 29º C during the day, while at night it is colder.  

Since Palintang is located in the upland area surrounded 

by forest, the people of Palintang have culturally adapted to 

the local environment, forest ecosystem (Iskandar 2017; 

2018). Most people of Palintang have a livelihood as 

farmers. They cultivate various non-crops in the 

homegarden, garden, and forest garden, but have never 

been involved in farming wet rice field (sawah) system as 

there was no sawah in Palintang. Since 1980s, most 

Palintang people have been engaged in agroecosystems of 

farming vegetables, potato (Solanum tuberosum L), 

cabbage (Brassica oleracea L var capitala), Indian mustard 

(Brassica juncea (L) Czern), pablano papper (Capsicum 

annuum L.var Grosum), tomato (Lycopersicon esculentum 

Mill), and Welsh onion (Allium fistulosum L), and farming 

coffee (in the pine forest ecosystem (Iskandar et al. 2016). 

Some people have also engaged in trading, and civil 

servants and private employees. Vegetable farmers have 

been mainly selling various vegetable productions to local 
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middlemen or intermediaries who usually come to their 

village, and also to traditional markets of Bandung, mainly 

traditional market of Ujung Berung located not far from 

their hamlet (Iskandar et al. 2018). Vegetable farmers are 

mostly members of farmer groups, and some of them are 

middlemen. Also, some of the individual farmers have been 

involved in both farming and petty trading of the small-

scale household economy system. 
 

 

 

 
 

Figure 1. Study site Palintang Hamlet, Cipanjalu Village, Cilengkrang Sub-district, Bandung District, West Java, Indonesia (Iskandar et 

al. 2017) 
 

 

  
A B 

Figure 2. A. The main road from Ujung Berung to Palintang hamlet made of asphalt, B. Palintang hamlet has located in the enclave of 

the forest of pine of Perhutani 
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Forest managed by Perhutani surrounds Palintang 

hamlet. The agricultural land is located in the north of the 

settlement. In the past, many people predominantly 

cultivated vegetable in the forest and recent development, 

vegetable farming has reduced. Formally, cultivation of 

vegetable crops in the forest was prohibited since 1983 due 

to its potency to cause environmental destructions, 

including landslide (Iskandar et al. 2016). Therefore, 

recently, most people of Palintang are still allowed to 

cultivate pine forest of Perhutani, with emphasis on the 

farming of coffee mixed with pine trees. As a result, the 

coffee has been predominantly farmed in the form of 

agroforestry system, where the main crop coffee (Coffea 

arabica L) trees are planted with other annual and 

perennial crops such as banana, avocado, vegetable crops, 

which are integrated with pine trees. 

Palintang people have predominant Sundanese ethnic, 

and religion of the majority of people is Muslim. Some 

traditions, including a traditional ritual of expression of 

farmers to God for they have succeeded in harvesting 

various crops and hoping for a condition of wellbeing 

(selamet). The Palintang people have managed their 

agricultural system based on a combination of the 

traditional ecological knowledge (TEK) and Western 

knowledge called ‘hybrid knowledge' (Iskandar and Ellen 

2000; 2007).  

Traditionally, children of each farmer family have been 

invited to go to the garden by their parents, so they can 

learn to farm by looking at practices or being included in 

the work done by their parents in farming. Regarding 

formal education, the old generation has predominant 

formal education only the graduate of elementary 

(SD=Sekolah Dasar) and junior high school 

(SMP=Sekolah Menengah Pertama). Today, however, 

some young generations have the formal education of 

graduate of the senior high school or few of them continue 

their education to college.  

Method 

The qualitative method was used in this study to obtain 

data on social phenomena on adoption coffee plant in the 

Palintang community. In other words, the qualitative 

approach was chosen as this research focused on 

elaborating the practices carried out among Palintang 

farmers to farm coffee plants in the forest, and to manage 

the forest environment. Some techniques including 

observations, semi-structured interviews, and participant 

observation were applied to collect the primary data in the 

field (Martin 1995; Newing et al. 2011; Albuerque et al. 

2014; Iskandar 2018). The observation was done to observe 

the environmental conditions of the forest, coffee garden, 

various activities of farmers in the management of coffee 

garden and processing of coffee beans post harvesting. 

Semi-structured interviews were carried out with 

informants that were purposively selected and using of 

some guidance of special topics, including ecological 

history of introduction of coffee plant to Palintang; 

management of coffee in the forest, including site 

establishment, land preparation, planting and maintenance, 

harvesting and post-harvesting, marketing; and benefits of 

farming coffee in the forest. Informants who have profound 

knowledge on the introduction of coffee to Palintang and 

various aspects of coffee cultivation management, 

processing, and marketing of coffee beans were 

purposively selected by snowball sampling technique 

(Koentjaraningrat 1991). Some informants, including 

members of two main farmers groups, informal and formal 

leaders, and Perhutani staff were selected. 

Meanwhile, the researchers also carried out participant 

observation, and intensively accompanying the informants 

in doing their activities as usual while telling what was 

asked during the interview. In addition, researchers also 

participated in various levels of informant activities being 

studied. For example, in one occasion researchers 

participated with one or more informants in harvesting 

coffee in the forest, and in another occasion, the researcher 

also involved with another informant in processing coffee 

beans post-harvesting in the settlement area.  

Data analysis 

Data obtained from observations, semi-structured 

interviews, and participant observations were mainly 

documented in the form of the field notebook, and 

interview transcripts were analyzed by several stages. 

These included cross-checking, verification, and reduction 

of the data, then followed by summarizing and 

synthesizing, and building up a narrative account, in-depth 

description and interpretation of various situations or topics 

with descriptive analysis (Miles and Huberman 1992; 

Newing et al. 2011).  

RESULTS AND DISCUSSION 

Introduction of coffee  

Based on ethnobotanical history, coffee (Coffea arabica 

L) has initially been from Ethiopia (Burkill 1935). Coffee 

was introduced to Java Island by Dutch Colonial (Burkill 

1935; Cramer 1957; Muhsin 2017). Coffee was firstly 

introduced and tried out in Resident area of Preanger. 

Furthermore, the planting coffee in Preanger Residence 

involved a lot of labors and covered large areas. As a 

result, the production of coffee in Preanger Residence was 

recorded the highest as compared to that of other residents 

in Java. Besides, the cultivation of coffee was practiced in 

the Preanger area for a long time in the period between 

1677 and 1870s called the period of ‘Preanger Cultivation' 

(Preanger Stelsel). In 1726 VOC (Vereenigde Oost 

Indische Compagnie or United East India Company) 

controlled between 50% and 75 % of the world’s coffee. 

Most of the production documented almost 75% of the total 

from Preanger Residency (Muhsin 2017; Breman 2014).   

Firstly, coffee was introduced to Preanger by VOC in 

the early eighteenth century. Coffee was firstly planted in 

Preanger in 1707. The motivation of VOC to cultivate 

coffee in this area was related to the interests of the world 

coffee market. Coffee cultivation was stable until the mid-

nineteenth century as supported by many factors such as 
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suitable soil condition, labor availability, coffee price, the 

percentage of farming, and supervision. In 1723, almost 

2.441.000 coffee trees, 1.041.000 were in the fruiting stage, 

were found in Preanger. Period of 1830 and early 1840 

model of coffee planting was popularly known as ‘fence 

coffee'/'hamlet coffee' (kopi pagar/kopi kampung) and 

forest coffee. In 1837 in Bandung and Sumedang, West 

Java, more than 50% fence coffee and forest coffee, while 

in Sukapura District more than 63% was recorded as forest 

coffee. In 1839, fence coffee or hamlet coffee increased in 

three districts, namely Bandung, Sumedang, and Sukapura, 

as high as 55.71%, 55.48%, and 53%, respectively. 

Unlike previous early periods, in the early 1850s, coffee 

was mostly planted in a garden model, indeed for 1857-

1868 more than 80% was recorded as a coffee plantation. 

Also, the Government developed coffee garden owned by 

private in Preanger. Government coffee was developed 

coffee garden held by privates in Preanger. The private 

businessmen began invested in the coffee plantation in 

1870 as the consequence of the application of liberal 

economic politic at that time. Based on ecological history, 

from 1830 to 1870 the cultivation system was applied in 

Java, and after 1870 most forest land was rented for 

development of private plantation (Geertz 1963). However, 

in Preanger Residency, the participation of private 

companies has begun since the nineteenth century, namely 

the planted coffee trees in private land (Muhsin 2017).    

Since the Dutch Colonial, coffee of West Java has been 

known as ‘Java Preanger coffee' because this coffee was 

firstly planted in Preanger (Dinas Perkebunan of West Java 

2016). From interviews, nowadays, Palintang people do not 

know precisely when coffee was introduced to their area 

because there was no written document or written history 

of when coffee was introduced to their area. But they 

believe that coffee plant has already been grown in their 

area for a long time since the Dutch Colonial. For example, 

based on information from one of the informants, an old 

man, Pak Amin mentioned that coffee grown in his garden 

has been existing since he was a child and his grandfather 

was still alive. Pak Amin beliefs that he owns the coffee, 

and historically, it was initially been inherited from the 

father of grandfather, and it was initially from the rest of 

the coffee plantations in the forest during the Dutch 

colonial era. Like Pak Amin, some informants have also 

mentioned that coffee has been existing since the Dutch 

Colonial period. However, it was not clear how many 

hectares of coffee trees were planted in the Palintang area 

during the Dutch Colonial because, at that time, quinine 

plantation was dominant in Palintang and the surrounding 

areas; the coffee plantation was less well known in this area 

(Iskandar et al. 2017; Kurniawan et al. 2018). From 

environmental history, until the late twentieth-century 

quinine (Chincona sp) has been cultivated in the Preanger 

which is very popular in the world as a center of quinine 

production. Indeed, in 1939, more than 90% of world 

demand quinine powder was supplied from some plantation 

areas of Bandung high-land area (Kurniawan et al. 2018).   

After Indonesia independent, the plantation in the forest 

that was previously managed by the Dutch colonial has 

been taken over by the Indonesian Government. Moreover, 

primarily, in Palintang area, the plantation in the forest has 

been controlled by Perhutani. According to the informants, 

cultivation of coffee in Palintang hamlet begun since 1984, 

evidenced, among others, by the existing large coffee trees 

in this area. However, some trees were cut by farmers for 

the reason that the price of coffee was only Rp.2000/kg and 

has not been increased since the 1990s. Until the 2000s, the 

coffee trees had been planted recorded the least in number. 

Since then, the coffee cultivation has been paid less 

attention by most farmers. Consequently, the traditional 

ecological knowledge of Palintang farmers on coffee 

cultivation dominantly transmitted by oral using mother 

language and also by individual experiences in the field, 

along with time has slowly eroded (cf. Ellen and Harris 

2002; Maffi 2004; Lizaralde 2004; Iskandar 2018). 

As a result, at that time, many people have preferred to 

cultivate vegetable crops as its production can be quickly 

sold for cash to fulfill the household needs. Since most 

people of Palintang have no enough private land for 

practicing cultivation, many farmers have cultivated 

vegetable crops in the forest managed by the Perhutani. 

For example, as revealed by informants that in the past, 

people of Palintang have been allowed to grow vegetable 

crops in the forest. As the forest status was production 

forest, then the rural people of Palintang were allowed to 

cultivate vegetable crops through the tumpangsari program 

of Perhutani (Iskandar et al. 2017). The Tumpangsari 

program has been known as reforestation system program 

under which farmers are permitted to plant crops, including 

vegetable crops between rows of forest species for one to 

two years. Since this vegetable farming needs full sunshine 

intensity to get good production, some forest trees covering 

vegetable crops were cut down. 

Moreover, environmental problems including soil 

erosion and hydrological disorder have been inevitable due 

to the decrease of the forest coverage. In many cases, the 

environmental issues have been mainly caused by lousy 

human behavior on the environment which is caused by the 

rapid increase of population, the increase of human needs, 

and market economic development (Iskandar 2014; 2017). 

Since vegetable farming activities had destructed the forest, 

the status of the forest of Palintang has been changed from 

the production forest to protected forest. Consequently, the 

Palintang farmers were not allowed anymore to do farm 

vegetable crops in the forest.  

The change of forest status has significantly affected 

Palintang people. For instance, according to informants, the 

prohibition of planting vegetable crops in the forest caused 

some people to experience food shortage and no family 

income. Indeed, the Palintang people have suffered from 

both food and economic crises. Consequently, from 2002 

through 2004, after cultivations of vegetables in the forest 

was prohibited, some people engaged in collecting woods 

from the forest for making charcoal to sell to urban areas. 

This situation worsens the socio-economic conditions of 

the Palintang people and forest environment. As a result, 

forests needed attention from stakeholders for revegetation 

and recovering of its function. Finally, several people 

assisted by outsiders, including students, proposed to the 

government on management of natural resource of forest 
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based on forest management with the community 

participant called PHBM (Pengelolaan Sumber Daya 

Hutan Bersama Masyarakat). Based on this program 

Perhutani has socialized planting of productive perennial 

plants such as avocado (Persea americana Mill), jackfruit 

(Artocarpus heterophyllus Lam), coffee (Coffea arabica 

L), and banana (Musa x paradisiaca L). As a result, 

Palintang people have cultivated the coffee in the 

Perhutani forest since 2005. 

In 2005, Perhutani socialized forest rehabilitation 

program through agroforestry system by planting coffee 

trees mixed with wood trees, mainly pine trees in the forest. 

Initially, although Perhutani has socialized the planting of 

coffee, Palintang people have not enthusiastically adopted 

the agroforestry program since the coffee trees can only be 

harvested after at least 3 or 4 years after planting. Whereas, 

what is needed by Palintang people is the economic 

turnover as quickly as possible to meet their household 

daily needs. At the early stage of coffee adoption in 

Palintang, farmers have planted coffee mixed 

(tumpangsari) with vegetable crops. At least, this activity is 

carried out until the first coffee harvest, because after the 

coffee trees are getting higher, and are ready to bear fruit, 

the land cannot be planted with vegetable crops anymore 

due to low sunshine intensity under shading canopy of 

coffee trees. In addition, planting vegetables can also 

interfere the coffee growth. Planting of coffee in Palintang 

has predominantly undertaken in rows under pine (Pinus 

merkusii (Jungh) et De Vriese) trees in the forest. Farmers 

perceived that planting coffee by tumpangsari system with 

pine trees is considered being appropriate, and coffee may 

grow adequately. After four years planting period, in 2009, 

coffee trees were first harvested. As coffee farming 

undertaken by farmers has produced a good yield, many 

other farmers of Palintang adopted farming coffee in the 

forest. At first, the price of coffee was less promising, but 

nowadays, the price of coffee is higher in the market. 

Consequently, today coffee has predominantly been 

planted in Perhutani forest of Palintang and can be annually 

harvested (Figure 3 and Figure 4). This case demonstrates 

that when local rural people and outside knowledge meet 

and form the ‘hybrid knowledge', the process may generate 

workable solutions to sustainable problems, including 

environmental forest problems of Palintang due to 

intensive planting vegetable crops (cf. Iskandar and Ellen 

2007). People of Palintang have adopted cultivation of the 

coffee and gradually leave the cultivation of vegetable 

crops in the forest of Perhutani because, historically, they 

knew about the cultivation of coffee, particularly for old 

people, and the coffee has mainly provided some economic 

benefits for the local community (Iskandar and Ellen 2007; 

Iskandar et al. 2017).    

Cultivation of coffee 

In everyday life, humans always make a reciprocal 

relationship with their environment. Humans, in interacting 

with their environment or ecosystem such as utilizing and 

managing plant species and other resources, are influenced 

by social-cultural system factors and ecological system or 

ecosystem factors (Iskandar 2018). All of these factors 

collectively determine the individual's decision to bring 

natural resources and the environment into effect. Thus, 

human actions in treating nature and its ecosystem depend 

on how the individual or community of the population 

understands or perceives nature or the surrounding 

ecosystem, which forms the corpus-cosmos-praxis complex 

system (Carlson and Maffi 2004).  

From the interrelationship between social system and 

the environment, farmers of Palintang have cultivated the 

forest ecosystem of Perhutani for planting coffee trees 

based on local knowledge or traditional ecological 

knowledge and strongly embedded with their culture. 

Today, Palintang farmers can be divided into several 

farmers groups called KTH (Kelompok Tani Hutan=Forest 

Farmer Group). These KTH groups are under the hierarchy 

level of LMDH (Lembaga Masyarakat Desa Hutan= Forest 

Village Community Institutions). Farmers of KTH member 

have farmed kopi Arabica (Coffea arabica L.) which is 

appropriate with local environmental conditions such as the 

altitude of approximately 1,400 m above sea level (asl) of 

Palintang forest. Ecologically, Arabica coffee grows well 

in regions between 1,000 and 1,500 m above sea level (asl), 

while robusta coffee (Coffea robusta L. or synonym Coffea 

canephora Pierre) appropriately grows in an area between 

40 m asl and 900 m asl (Hulupi and Martini 2013). For 

example, some informants mentioned that they have 

preferred to plant Arabica coffee instead of Robusta coffee 

because Arabica coffee grows better if planted under 

shading of other plant canopies. Therefore, this coffee is 

considered to be appropriate when cultivated under the pine 

trees of Perhutani forest at Palintang area.  

Cultivation of coffee in Palintang forest under PMDH 

program has been managed by corporation between the 

rural community of Palintang and Perhutani. The 

Perhutani provides pine forest land located around 

Palintang hamlet while farmers cultivated coffee under the 

pine forest. Initially, Perhutani only offered the land; thus, 

many farmers wanted some more roles in the program of 

community forest management of planting coffee. As a 

result, in a recent development in 2017, Perhutani has 

provided various assistances for farmers including coffee 

seeds that are locally called coffee seed of Ateng or 

acronym of Aceh Tengah (Central Aceh), and some 

training of the coffee cultivation. However, practically, 

farmers have predominated managed coffee plantation in 

the pine forest as they directly practiced planting of coffee 

over time.   

Cultivation of coffee in the forest involves 5 stages, 

namely land establishment (penetapan lahan), seed 

preparation (penyiapan benih), planting and maintenance 

(penanaman dan pemeliharaan), harvesting and post 

harvesting (pemanenan dan pasca panen), and marketing 

(pemasaran), which were mainly carried out by farmers of 

Palintang. 
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Figure 3. Coffee trees farmed in the pine forest of Perhutani 

owned by Palintang farmers 

Figure 4. Ripe coffee beans before harvest in the pine forest of 

Perhutani 

 

 

 

Land establishment 

Although coffee trees have been planted in the 

homegarden, most coffee trees have been more farmed in 

the forest land of Perhutani. Based on environmental 

history, the rural people of Palintang hamlet have involved 

in cultivation system in the forest for a long time. Before 

the introduction of the tumpangsari program of Perhutani, 

rural people have traditionally practiced swidden farming 

(huma) systems (Iskandar et al. 2017). However, they have 

never been practicing the wet rice farming (sawah) system 

as most of the land is owned by the government.  

In the PHBM program, Perhutani invited the 

community to farm coffee on the forest land that can 

benefit the socio-economy of the community and also 

maintain the forest environment. Until now, however, there 

are no written regulations for the distribution of land for the 

people who are growing coffee trees in the Palintang. 

One of the informants mentioned that at the beginning 

of introduction of coffee through PHBM, on behalf of the 

leader of Forest Farmer Group (KTH=Kelompok Tani 

Hutan), he (the informant) formally asked Perhutani to be 

provided with land for planting coffee trees. He was then 

presented with several hectares of forest land to be planted 

and also given the task to re-distribute the land to the KTH 

members. He mentioned that his group is considered as a 

formal community institution so that the government has 

trusted his group in receiving various assistances to be 

distributed to other farmer groups. Unlike the previous 

informant, another informant mentioned that the use of 

Perhutani land for planting coffee trees had been mainly 

based on an informal agreement between the Perhutani and 

the local community. In other words, there was no formal 

letter of agreement to legalize each rural community to 

cultivate the forest land with coffee trees. Nonetheless, 

usually the farmers in the community coordinate with each 

other in choosing the land for growing coffee. After that, 

the group leader will convey the scope of the land to be 

planted by his group to other farmer groups. 

Traditionally, the Palintang people have the local 

knowledge that the suitability of a block of forest land for 

planting coffee is recognized by local environmental 

indicators. For example, the forest block identified as 

fertile land and suitable for planting coffee is indicated by 

its high humus content and dense shrubs vegetation. Based 

on Palintang people perception, the ideal planting distance 

of coffee trees in the plantation is approximately 2-2.5 m2. 

Based on this planting space, the number of coffee trees 

going to be planted can be determined, and the farmer will 

be able to calculate the size of the land needed for planting 

coffee trees. For example, when a farmer is asked about 

land size of his coffee garden in the forest, he will answer 

the question based on the number of coffee trees that he has 

planted. Amount of coffee trees will vary between one 

farmer to another, depending on the capital and labor they 

have. Concerning the capital, for example, planting of 

1,000 coffee trees requires cash of approximately between 

10 million and 15 million Indonesian rupiah. The number 

of coffee trees planted by each farmer varies between 500 

trees and 2,000 trees depending on the available capital and 

labor for managing various activities of coffee cultivation.  

Seed preparation 

Coffee plantation has been existing in Palintang for a 

long time. Therefore, most coffee seeds used for re-farming 

coffee in the forest are recently produced from the from the 

remnants of the old Dutch coffee trees. Although most 

farmers have been able to get coffee seeds from Perhutani, 

the coffee seeds are considered poor in quality. Pehutani 

has introduced coffee seeds from outside instead of 

improving local seeds. However, these coffee seeds have 

not adopted yet to the local environment of Palintang as 

shown by its poor growth and yield. Farmers perception on 

the adaptation of coffee on the local environment is very 

much in line with the Western scientific knowledge (ethic 

view) that plants growing in a place are influenced by the 

genetic nature and local environment where they grow 

(Sastrapadja and Widjaja 2010). 
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Figure 5. Old coffee trees growing around the settlement area of 

Palintang hamlet as one of the grafting sources 
 

 

Some techniques, including transplantation of coffee 

stem as vegetative regeneration method, have been applied 

by farmers to prepare the coffee seedlings for cultivation in 

the forest. Some informants have made coffee seed 

preparation by transplanting the existing old coffee trees in 

the surrounding settlement and forest area. Since many old 

coffee trees are abundantly growing in the surrounding 

settlement area, the source of seeds for grafting is widely 

available (Figure 5). In the recent development, however, 

good quality seeds are also widely used by farmers to grow 

coffee as a generative regeneration method in the forest. 

Usually, coffee seeds used for cultivating coffee have been 

appropriately selected to get good quality seeds.  

According to the informants, seedlings are ready to be 

replanted in the forest at the age of approximately eight 

months, at the height of about 20 cm and 40 cm. In the 

past, many farmers planted a coffee seedling of 20 cm 

height which needs a more extended growth period of 

around four years to be harvested. In addition, the seedlings 

lower than 20 cm height can be used for farming with the 

consequence of high risk of pest attack and diseases to 

occur and also low sunlight intensity that it can get. Today, 

because the Palintang farmers have been successful in 

farming coffee because they were able to integrate local 

knowledge and Western knowledge provided by the 

government trough extensions programs  

   

Panting and maintenance  

Land preparation is carried out before planting the 

coffee seedlings. Initially, the shrubs are manually cut, and 

the dry twigs and dry leaves of pine trees are removed from 

the field. Palintang people perceive that forest land to be 

planted by coffee trees must be cleared from weeds and dry 

litters consisting of leaves and twigs of pine trees. Since the 

pine litters have reduced, the pH soil is considered to be not 

acid. The coffee can grow well in the less acidic soil of 

pine forest. As local people, based on Western knowledge 

or scientific ecological knowledge, in general, soil of the 

pine forest is usually acid. Therefore, by removing the 

dried leaves and dry twigs, the surface of the soil under 

pine canopy will reduce the soil acidity. Coffee is generally 

quite tolerant to mild acidic soils with pH around 5-6.5 

(Anggarani 2011; Subandi 2011).  

After land clearing, farmers prepare planting holes for 

putting coffee seedling. According to the informants, the 

size of the planting hole made by Palintang farmers is 

usually 50 cm x 50 cm x 50 cm size. The planting holes are 

usually prepared around 3 to 5 months before planting to 

allow it to regulate soil health. Also, farmers are waiting 

for the seeds to be ready for planting. The planting holes 

for planting coffee are usually also provided with compost 

or animal dung to increase soil fertility. When the seedlings 

meet the ideal height, and the planting hole is ready, then 

planting is carried out around October to coincide with the 

beginning of the rainy season.  

After coffee seedlings are grown in the planting holes, 

they are usually controlled at least twice a week to evaluate 

their growth conditions. The farmers also perform weeding 

to prevent sunlight competition with weeds and hence to 

allow the coffee plants to obtain enough sunlight 

interception. Farmers also occasionally water the newly 

planted coffee plants to prevent them from drying out due 

to water shortage. Coffee plants require only moderate 

fertilization to grow optimally, therefore, the coffee 

farmers in Palintang usually only provide organic fertilizer 

such as manure or rely on organic matters such as compost 

or litter derived from the falling leaves in the forest.  

In general, the cultivation of coffee requires more 

intensive care during the initial phase from seed 

preparation to planting time. Less intensive care is needed 

afterward as coffee trees are known to be able to survive 

under limited water availability and less favorable growing 

conditions. Maintenance of coffee trees is commonly done 

by doing weeding to prevent the newly planted coffee trees 

from competing with weeds for nutrients.  

Based on literature, some diseases and pests, including 

borer usually attract the stem and branches; nematodes 

attack the roots, and fungi attack leaves, stems, and roots of 

the coffee plant (Anggarani 2011; Subandi 2011; Hupi and 

Martini 2013). However, these various diseases and pests have 

not seriously found in the coffee plants of Palintang farmers. 

Thus, synthetic pesticides have intensively been used for 

vegetable farming instead of applying it in coffee farming.     

  When coffee plants have grown tall and began to bear 

fruit, maintenance of coffee trees has been limited only to 

weeding. Fertilizers and irrigation of coffee plants are only 

provided once in a year. In general, Palintang farmers let 

coffee trees to grow tall and have many branches. The 

farmers generally do not cut the branches of the coffee tree 

for the reason that coffee can produce a lot of fruits and 

maximum with many branches (Figure 6). However, after 

obtaining new information or knowledge from outside and 

shared among local farmers, nowadays some coffee 

farmers of Palintang have started to do pruning of coffee 

tree for a better yield (Figure 7). Today, they have 

conducted the standard best practice of coffee cultivation 

where the branches are usually pruned to get some positive 

benefits such as more healthy trees, easily coffee tree 

maintenance and harvest, better airflow in the canopy, 

more effective pest control, and also avoiding excessive but 

poor fruits (Hulupi and Martini 2013).   
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Figure 6. The coffee tree without  pruning 

 

Figure 7. The coffee trees that are pruned   

 

 

  
  

Figure 8. A female labor is harvesting coffee beans Figure 9. A male farmer, as the coffee owner, is harvesting coffee 

beans  

   
 

 

 
 
Figure 10. Fresh coffee beans have just been harvested and put 

into a sack 

Harvesting and post-harvesting  

Coffee trees planted in the pine forest of Perhutani of 

Palintang started to yield at the age of approximately three 

years old but the coffee beans produced at this age is in low 

yield. Usually, coffee trees produce maximal beans at about 

seven years old. The coffee beans are generally harvested 

each year. Palintang farmers usually harvest the coffee 

beans between June and September and peak season of 

harvesting is generally carried out between July and 

August. The harvesting of coffee beans is usually done 

several times with a maximum of nine times depending on 

the number of trees planted in the forest.  

Harvesting of coffee beans during the non-peak season 

is mainly undertaken by family labor. Farmers having more 

than one hectare of coffee plantation requires additional 

labor forces for harvesting. The labor costs for picking the 

coffee fruit were recorded about Rp. 2,000/kg fresh fruit in 

2008. Harvesting of coffee beans is usually undertaken 

from 6.00 a.m. to 2.00 p.m. with an approximate harvest 
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about 20 kg and 40 kg coffee beans, or at maximum of 65 

kg for skilled labors. Most hired workers for coffee 

harvesting are female labors (Figure 8) while transport of 

harvested coffee beans from the forest to settlement is 

mainly carried out by male workers. Some coffee 

plantation owners do the harvest themselves or employed 

male labors for harvesting the coffee beans (Figure 9), most 

notably in the case that they do not have too many coffee 

trees, and the location of the coffee trees in the forest is 

only in one area as it is more cost efficient.  

The fresh coffee beans harvested from the agroforestry 

system of the pine forest of Perhutani are brought to the 

settlement area. Those coffee beans are commonly sold to a 

leader of farmer group of forest farmer as a local 

middleman. Most farmers sell their coffee bean in fresh 

that is locally called ‘cherry'. Palintang farmers mainly sell 

cherry coffee instead of the dried coffee beans because they 

need immediate cash for the household income and daily 

necessities, including foods (Figure 10).   

  In addition, if the coffee beans are processed first, such as 

the shells are peeled or commonly called seedless coffee 

beans (gabah), it requires large capital to buy a peeler 

machine and also energy to wash shell-less coffee beans 

and to dry them. If the owner first processes the coffee 

beans, there is a lot of time allocated for processing the 

coffee, thus, time allocated for harvesting the rest of the 

coffee that in the coffee garden is becoming more limited. 

In general, the coffee harvest is usually conducted in a few 

months. Women usually do coffee processing. 

 Coffee beans of the farmers are usually purchased and 

accommodated by several heads of forest farmer groups. In 

2018 the price of ‘cherry' in the Palintang ranged between 

Rp. 8,000 and Rp. 9,000/kg. The price was not fixed 

depending on the selling price of coffee at the national 

level. Meanwhile, coffee production in Palintang was 

approximately 3 kg/tree, and if a farmer planted minimum 

1,000 trees in one block of one hectare in the forest, he 

would get 3 x 1,000 kg = 3 tons of coffee (cherry). So, if 

the cherry was sold at Rp. 9,000/kg, then from 1,000 coffee 

trees a farmer could get a gross income of approximately 

Rp. 27,000,000. This number could change depending on 

the individual number of coffee trees planted in one block 

since one block of approximately one hectare is normally 

planted with approximately 1,000-2,000 coffee trees. 

Several farmers also owned more than one block in 

different forest places with more than 2,000 coffee trees. 

On the other hand, the results could be lower due to, among 

others, weather and climatic anomaly. For example, during 

the study in 2018, coffee production in the Palintang was 

less than optimal due to the rain that occur when the coffee 

flowered, which caused the coffee flowers to fall out and 

the number of fruits decreased.  

  The coffee beans collected by the local middlemen are 

processed in several types of wet coffee processing: full 

wash, semi-wash; honey process, and natural process. 

Every kind of coffee processing produces different coffee 

flavor characters and coffee prices. The skills of the 

farmers in processing coffee were obtained from the 

training provided by the students and the government 

officers. 

  Full wash processing technique is the processing of 

fresh coffee fruit to become dry coffee beans following 

several stages of washing. Firstly, the coffee fruit is put in a 

tub of water to select the best quality coffee fruits (Figure 

11). Secondly, coffee fruits are soaked in water. The 

ripened coffee fruits will sink into the water while the 

immature ones will float on the water surface. Thirdly, 

coffee beans are separated from the fruits using a machine 

locally called ‘pulper machine'. Although the coffee beans 

have been separated, some of them still have un-removed 

shells. Thus, further fermentation and washing process is 

needed to allow the fruits become soft, and the coffee fruits 

and coffee beans become easily separated. 

Fourthly, the peeled coffee beans are then fermented for 

approximately 12 hours or overnight. Fifthly, the coffee 

beans are then rewashed until the sticky mucus disappeared 

and continued with drying the coffee beans for about 4 

hours under sunlight to reduce water content; these coffee 

beans are called ‘gabah’ by Palintang farmers (Figure 12). 

 

  

  
   

Figure 11. Women are selecting the coffee beans. 

 

Figure 12. The peeled coffee beans are being dried on a kind of 

bamboo mat 
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Figure 13. The peeled coffee beans are being dried by direct 

sunlight 

Figure 14. The unpeeled coffee is being dried in the traditional 

greenhouse 

 

 

  
  

Figure 15. A farmer is storing the coffee beans in the collector 

place of Palintang 

 

Figure 16. Coffee in the packages are being sold in small shops of 

Palintang  

 

 
 

 

The semi-wash processing technique is almost the same 

as the full wash technique, but the washing stage uses less 

water than the full-wash method. Meanwhile, in the honey 

process processing technique, the coffee fruit is peeled and 

dried with the mucus layer unwashed (Figure 13). It is 

called the honey process because when dried the mucus 

that is still attached to the coffee bean will become sticky 

and has a honey-like texture. The number of farmers who 

conducted the honey process is less than those who applied 

full wash or semi-full wash techniques because the process 

takes time. 

Natural processing techniques are also referred to as dry 

processing techniques because the coffee fruits are dried 

with the skin being unpeeled. This process takes a longer 

time so that the coffee dries perfectly. Even though the 

price of coffee produced by this processing technique is a 

higher price than those of other methods, not all middlemen 

do this process due to its longer processing time. Coffee 

processing techniques are also carried out in a greenhouse 

to prevent contact with direct sunlight (Figure 14). 

Marketing system  

Each collector or a leader of a farmer group as 

middleman has its own way to market the coffee beans. 

Most coffee beans in Palintang is sold in the form of peeled 

coffee beans or gabah as required by the market (factories 

or larger companies). Consequently, ‘gabah’ sales are 

higher and faster than processed coffee sales. For example, 

there are two coffee collectors or middlemen in Palintang 

that usually sell ‘gabah’ to coffee agents in Medan. Then, 

the gabah is sold again by the agents to larger companies 

such as Starbucks. 

In Indonesia, there are two large coffee agents, i.e., in 

Medan and Surabaya. Coffee agents in Medan mainly buy 
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Arabica coffee while coffee agents in Surabaya usually buy 

Robusta coffee. In 20018, gabah coffee beans in Palintang 

were sold at price of Rp. 27,000 - Rp. 30,000/kg.  
The selling price of coffee is usually adjusted to the 

national coffee price. The amount of coffee collected by a 

collector (local middleman) of Palintang during the harvest 

is usually stored in a special place (Figure 15), amounting 

to 6 tons per shipment. The collector can send coffee twice 

in a week. 

  The coffees collected by the local middlemen in the 

Palintang were mainly produced by farmers of the 

Palintang and also from the surrounding areas. Coffee are 

sold in various forms including gabah, dried or green 

beans, and roasted and brewed beans that were usually 

sold, respectively, to middlemen, small coffee shops (kedai 

kopi), and small snack shop, (Figure 16). In 2018, the 

gabah beans, roasted packaged coffee, and brewed coffee 

were sold at a price of, respectively, Rp 200,000/ kg, Rp 

400,000/100 gram, and Rp 10,000/cup. 

As the Palintang farmers cultivated coffee in the forest 

land of Perhutani, then the coffee fruits harvested from the 

forest must be shared with Perhutani. The percentage of 

coffee production sharing is 70% for farmers and 30% for 

Perhutani. The distribution of coffee production is usually 

done when the harvest is over and is organized by the head 

of the farmer group. The members of farmer group usually 

report their coffee harvest to the group leader. Often, there 

is one group member who is given the task to record coffee 

yield harvested from each farmer in the farmer group. 

Benefits of farming coffee trees in the forest 

  Coffee cultivation in the Perhutani forest area through the 

Community Forest Resources Management (PHBM) 

program has been running for ten years which resulted in 

the Perhutani's forests being covered by wood trees and 

also economic benefits to the local people of Palintang 

through the selling of coffee beans. Nowadays, Palintang 

people have also increasingly been aware that what was 

done before planting vegetables in Perhutani's forest is not 

good for forest function sustainability. The socialization 

from Perhutani regarding the PHBM model has also given 

awareness of the role played by Palintang people in 

protecting the forest. 

  Palintang community claimed that the dense green forest 

allows them to get cash to buy food (leuweung hejo, rakyat 

ngejo). They understand that the forest is a place where 

they can grow coffee to support their families. Their 

awareness is shown by their concrete actions to voluntarily 

plant pine trees so that the forest is no longer spares. Some 

people conducted this action as a redemption of past 

wrongdoing with illegal logging of timber during the 

economic crisis in the Palintang since early 1998. One 

informant, for example, said that "he used to cut down trees 

to get money to buy food, and now he has to replant the 

forest by planting trees again." 

Another reason for local people to plant wood trees 

voluntarily is that the coffee plants planted in good forest 

vegetation conditions produced good coffee yield since 

coffee plants need shading trees to prevent direct sunlight. 

  In addition, agroforestry system of coffee cultivation in 

pine forest of Perhutani has also been considered as an 

essential role for ecosystem services, such as habitat of 

wildlife, including birds, pollinator insects, soil 

invertebrates, and carbon storage and sequestration (cf. 

Calvo and Blacke 1998; Jones et al. 2002; Denu et al. 

2016; Withaningsih et al. 2018; Rodriguesa et al. 2018; 

Anand et al. 2008). This study revealed that introduction of 

coffee by Perhutani had been adopted and managed by 

local community of Palintang based on combination of 

local knowledge and western knowledge (‘hybrid 

knowledge’) through training by outsiders as it can provide 

socio-economic benefits without disturbing the cultural 

identity of the local people (cf. Iskandar and Ellen 2000; 

2007; Iskandar et al. 2017).   

  It can be concluded that the local people have positively 

responded the coffee cultivation in the agroforestry system 

introduced by Perhutani through the PHBM. Several 

factors caused the Palintang people to accept coffee plants 

to be cultivated in forest land, i.e., the coffee plants were 

only once planted in the past in their area, and the area is 

suitable for coffee cultivation. Also, the coffee has 

provided ecological and economic benefits. Regarding 

ecological benefits, coffee trees can be planted in mixture 

cropping with fruits, including avocado and banana, and 

wood trees in the forms of agroforestry system. In the 

Palintang case, in the early stage of the coffee introduction 

in the forest, the coffee trees were initially planted in 

mixture with vegetables. As a result, the farmers still get 

production from vegetables before the coffee trees 

produced fruits and were harvested. After the coffee trees 

were harvested; however, the vegetables farming was 

gradually reduced and will be ceased shortly because the 

farmers will mainly get the household income from the 

coffee production instead of vegetable crop production. 

Concerning ecological function, by the development of 

agroforestry of coffee in the forest, forest environments, 

including soil erosion protection and hydrological function 

can be maintained. The forest ecosystem of Palintang can 

be utilized and maintained by the rural community as 

shown by their perception of the forest ecosystem. Thus, 

people of Palintang have increased their awareness to 

protect forest areas owing to the fact the coffee plantation 

provides economic benefits to them. 
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Abstract. Retnowati Y, Moeljopawiro S, Djohan TjS, Soetarto ES. 2018. Antimicrobial activities of actinomycetes isolates from 

rhizospheric soil on different mangrove forests of Torosiaje, Gorontalo, Indonesia. Biodiversitas 19: 2196-2203. Mangrove forests are 

very productive ecosystems that form unique saline environment very rich in organic matter, containing nitrogen and sulfur available for 

microorganisms. Mangrove forest as an extreme environment is promising to be sources of antibiotic-producing actinomycetes. The 

objectives of this study were to analyze the antimicrobial activities of metabolites produced by actinomycete isolates from rhizospheric 

soil of mangrove forest of Torosiaje, Gorontalo, Indonesia, and identify the active compound for novel antibiotics production. Six 

isolates from a coastal mangrove forest was selected to produce secondary metabolite. The crude extract of the six selected actinomycete 

isolates showed antimicrobial activities against pathogenic microbes; the highest antimicrobial activities was indicated by metabolite 

produced by FUAm2-h1 and FMBg2-x3 isolates. The metabolite crude extracts produced by two potential isolates inhibited growth of 

pathogenic microbe on MIC value of 0.0625 to 0.5mgmL-1. Bio-autography assay detected an active compound on Rf value of 0.94, 

especially on extracellular metabolite produced by strain FUAm2-h1. The bioactive compounds were identified by liquid 

chromatography joined with low-resolution mass spectroscopy (LC/MS) and analysed by MEDINA's database The active compounds 

composed of 17 substances, and only 3 substances showed a high quantity with molecular weight of 507.37, 344.32 and 563.66 mol G-1, 

respectively. FTIR analyses identified the functional groups in the active compounds consisted of amide, amine, alkuna, alkane, NO2 

nitro compound, alcohol, ether, carboxylic acid, ester and C-H aromatic ring. The biosynthesis of antibiotic on FUAm2-h1 and FMBg2-

x3 isolates was regulated by double genes, i.e., PKS-II and NRPS genes. The antimicrobial activities of two actinomycete isolates 

showed the performance of antibiotics suspected as aromatics polyketides group. The FUAm2-h1 and FMBg2-x3 isolates showed high 

similarity with Streptomyces qinglanensis strain 172205 and Streptomyces sanyensis strain 219820, respectively, in terms of 16S rRNA 

gene sequences. The potential of those selected actinomycetes from extreme environments of mangrove forest constitute a source of 

promising actinomycete strains producing biologically active secondary metabolites. 

Keywords: Actinomycetes, antibiotics, mangrove forest, rhizospheric soil, 

INTRODUCTION 

 

Antimicrobial resistance pathogenic bacterium is not 

new issue, but the number of resistant organisms is 

unprecedented (Shetty et al. 2014). Some of pathogenic 

bacteria are known to be resistance on more than one 

antibiotics or multidrug resistance, such as Staphylococcus 

aureus and Escherichia coli (Sharma et al. 2011). 
Therefore, various efforts have been made to obtain 

actinomycetes having new type of bioactive compounds 

with specific characters. Some species of actinomycetes 

from various sources estimated to have a potential of 

producing new type of bioactive compounds for 

antimicrobial agent.  

Mangrove forest in Torosiaje, Province of Gorontalo, 

Indonesia is a unique mangrove ecosystem. There are 

consist of two types mangrove forest, i.e., overwash and 

fringe mangrove, including seven kinds of mangrove, i.e., 

Rhizophora mucronata, Rhizophora apiculata, Bruguiera 

gymnorrhiza, Ceriops tagal, Avicennia marina, Xylocarpus 

sp. and Sonneratia alba (Katili et al. 2015). Both types of 

mangrove showed differences physicochemical characters 

of sediment soil affecting the population, diversity, and 

distribution of actinomycetes (Retnowati et al. 2017). 

Mangrove rhizosphere is a natural habitat for 

actinomycetes producing a new type of antibiotics (Santhi 

et al. 2010; Baskaran et al. 2011; Khanna et al. 2011; 

Naikpatil and Rathod 2011; Ravikumar et al. 2011; 

Mangamuri et al. 2012, 2014). The specific conditions of 

the habitats tend to stimulate the actinomycetes to produce 

the metabolites as response against extreme environments 

(Basilio et al. 2003).  
Mangrove actinomycetes become a major focus in the 

searching of bioactive compounds from an extreme 

environment for pharmaceutical agents (Nolan and Cross 

1988; Mangamuri et al. 2014). They are an important 

source of novel antibiotics products (Xu et al. 2014). 

Therefore, the analyses of antimicrobial activities of 

metabolite produced by actinomycetes isolated from 

mangrove rhizosphere on mangrove forest of Torosiaje, 
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Gorontalo, and identification of the active compound were 

required.   

MATERIALS AND METHODS 

Screening of actinomycete isolates for antimicrobial activity  

The 167 actinomycetes isolates collection were 

preceded to preliminary screening for antibacterial activity 

by using agar block method (Nedialkowa and Naidenova 

2005). In agar block method, firstly the Muller Hinton agar 

plates were perforated using sterile cork holes 5 mm in 

diameters. Then the actinomycetes isolate ware inserted 

into the hole. The plates were incubated for 96 h at 30oC. 

After the actinomycetes cultures growth well, the anti-

microbial activity was screened by pouring the overnight 

culture of 3 different pathogens bacteria, E. coli, S. aureus, 

and Bacillus subtilis, at the surrounding of actinomycetes 

cultures. The plates were incubated at 37oC for 18 to 24 h 

and the inhibition zone was recorded. The isolates which 

showed anti-bacterial activities against pathogen bacteria 

were collected.  

Cultivation Experiment and extraction of antibiotic  

The six selected isolates were used as inocula for 

producing potential new antibiotics through cell cultivation 

experiments on the ISP2 broth. The flask was incubated for 

48 h at 30oC at 160 rpm. The pellet cell was harvested 

using centrifugation at 4000 rpm for 35 min 

(Phongsopitanum et al. 2014). One gram of the pelleted 

cell was aseptically transferred onto 100 ml of ISP2 broth 

as a production medium and incubated on rotary shaker 

(160 rpm) at 30oC for 20 days. During cultivation 

experiment, bacterial growth was monitored based on dry 

weight of pellet cell observed every two days (Naikpatil 

and Rathod 2011).  

The production of antibiotic was based on shake flask 

method on ISP2 broth. The cultures of selected 

actinomycetes isolates were grown in ISP2 broth (500 mL) 

on rotary shaker (160 rpm) at 30oC for 10 days. The 

cultures were centrifuged on 4000 rpm for 35 min at 4oC to 

separate the pelleted cell and culture aliquot (supernatant). 

The extracellular (supernatant) and intracellular (biomass) 

antibiotic were extracted using ethyl acetate (1: 1v/v) and 

acetone (1: 1 v/v) as a solvent, respectively (Mangamuri et 

al. 2014; Kesavan and Hemlatha 2015). The mixture of 

supernatant and solvent was shaker vigorously for 1 h and 

kept stationary for 15 min to separate the organic phase 

from the aqueous phase. The pellet cell was destructed by 

mortar and added 5 mL of acetone. The mixture was shaker 

for overnight and centrifuged on 4000 rpm for 35 min at 

4oC to separate the cell debris and acetone phase. The 

organic phase of extracellular or intracellular antibiotic was 

evaporated on water-bath at 80oC. The dried crude extract 

was collected for antimicrobial assay.  

Antimicrobial assay and MIC determination of crude 

extract antibiotics  

Antimicrobial assay of intracellular and extracellular 

crude extract against microbial pathogens, such as E. coli, 

S. aureus, B. subtilis, A. niger, and C. albicans was 

conducted base on paper diffusion method. Antibiotics 

ampicillin (25µgmL-1) and nystatin (25µgmL-1) were used 

as a positive control and 1% DMSO as a negative control. 

The dried crude extract antibiotics were dissolved in 1% 

DMSO (1 µgmL-1). The 24 h young culture of test 

microbes were aseptically swabbed on Muller Hinton agar 

plates by spread plate method. The paper disc was put 

down on the top of agar plates and loaded by 10 µL of 

crude extract. The plates were incubated at 37oC for 24 h; 

the diameter of zone inhibition was recorded (Gulve and 

Deshmukh 2012). 

The highest antimicrobial activity of crude extract was 

selected and further MIC level was determined based on 

broth micro well dilution method using 96-well microtiter 

plate (Kesavan and Hemalatha 2015). Five mg of crude 

extract was dissolved in 1 ml 0.1% DMSO as the stock 

solution. The stock solution was used for serial dilution on 

concentration ranging of 0.5mgmL-1 to 0.002mgmL-1. The 

microbial pathogen was grown up to final OD 0.7 on 

λ600nm. Different concentration of the crude extract was 

added into 96-well microtiter plate containing 20 µL 

microbial cultures as test in 200 µL of nutrient broth (for 

bacteria) and potato dextrose broth (for yeast). The culture 

medium (Nutrient broth and potato dextrose broth) without 

microbial test was used as negative control. MIC of the 

active metabolite against the microbial test was determined 

after 24 h incubation by spectrophotometrically on λ590 

nm. Each set of experiment was carried out in three 

replicates. In the similar way MIC of known antibiotics 

ampicillin and nystatin were also carried out as a standard 

for comparison.  

TLC of crude extract and Bio-autography assay  

Separation of metabolite crude extract was carried out 

by thin layer chromatography. Respectively 10 µL of crude 

extract were loaded onto 3 silica gel plates GF254 and 

eluted by using Chloroform-methanol (2: 1 v/v). After 

ascending, the plate was taken out and dried. The Rf value 

was determined using UV on 254 and 366 nm (Gulve and 

Deshmukh 2012). The two other plates were sprayed with 

ninhydrin and dragendorf for detecting the spot, 

respectively.   

Bio-autography assay was carried out by situated dried 

TLC plate onto the surface of Muller Hinton agar medium 

which it has been inoculated by the inoculum of microbial 

test. The plate was incubated in refrigerator for 20 min for 

diffusion. The TLC plate then was removed from the agar 

plate and incubated overnight at 37oC. The inhibition zone 

on the media proved the presence of active antimicrobial 

compound (Sheety et al. 2014; Attimarad et al. 2012). The 

spot position showing active compound was determined for 

further purification.  

 

Purification of active compound  

Purification of active compound was carried out by 

TLC preparative (Barke et al. 2010). The crude extract was 

loaded onto silica plate and eluted by chloroform-methanol 

(2: 1v/v). The spot position showing active compound was 
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scraped and diluted into ethanol absolute. The suspension 

then was dried and observed using LCMS and FTIR.  

LC-MS analysis of active compound  

The detection quantitatively of active compound was 

carried out based on separation of active compound by LC-

MS using Shimadzu single quadrupole LCMS-201 0A 

mass spectrometer completed by HPLC system. The active 

compound was separated onto ACQUITY UPLC@ BEH 

C18 1.7 µm column using gradient solvent, such as A: 

0.1% formic acid in the water and B: 0.1% formic acid in 

the acetonitrile. The flow velocity followed by 0.35 

mLmin-1: 0.01-0.5 min15%B, 0.5-7 min 15-95%B, 7-8 min 

95%B, 8-8.2 min 95-15%B, 8.2-15 min 15%B. The mass 

spectrum was determined in the positive ion mode with 

capillary voltage on 3.5 kV (Barke et al. 2010 with minor 

modification).  

 

FTIR analysis of active compound  

The functional groups in the active compounds were 

determined by FTIR (Sheety et al. 2014). Infra-red (IR) 

spectrum of the active compound was investigated in KBr 

with Perkin-Elmer-IR-683 spectrophotometer.  

DNA extraction and PCR amplification of genes 

involved in secondary metabolism  

DNA extraction was performed as previously described 

by Retnowati et al. (2017). PCR amplification of PKSs and 

NRPS genes were conducted by three sets of primer: K1F 

(5′-TSAAGTCSAACATCGGBCA-3′) and M6R (5′-

CGCAGGTTSCSGTACCAGTA-3) targeting PKS-I gene; 

KSα (5′-TSGCSTGCTTGGAYGCSATC-3′) and KSβ (5′-

TGGAANCCGCCGAABCCTCT-3′) targeting PKS-II 

gene; A3F (5′-GCSTACSYSATSTACACSTCSGG-3′) and 

A7R (5′-SASGTCVCCSGTSCGGTAS-3′) targeting NRPS 

gene (Lee et al. 2014). PKS-I gene amplification was 

carried out on 25µL volume consisted of 1µL of genomic 

DNA as template,12.5μl GoTaq (R) Green Master Mix 

[buffer reaction, deoxynucleotide triphosphate (dNTPs), 

Taq DNA polymerase, and MgCl2], 9.5µL dH2O, and 1μL 

primers, respectively. The thermal cycling condition for 

PKS-I gene amplification was: pre-denaturation at 96oC for 

5 min: 30 cycles at 95oC for 1 min, 55oC for 1 min, 72oC 

for 5 min, and post-extension at 72oC for 5 min. The 

thermal cycling condition for PKS-II gene amplification 

was: pre-denaturation at pre-denaturation at 96oC for 2 

min: 30 cycles at 96oC for 1 min, 56oC for 2 min, 73oC for 

1.5 min, and post-extension at 73oC for 8.5 min. The 

thermal cycling condition for NRPS gene amplification 

was: pre-denaturation at pre-denaturation at 95oC for 5 

min: 30 cycles at 95oC for 30 sec, 58oC for 2 min, 72oC for 

4 min, and post-extension at 72oC for 10 min. The 

amplification reaction was performed using Bio-Rad 

thermal cycler (MyCycler, Bio-Rad, USA). The size of 

PCR products were 1,200-1400bp (K1F/M6R), 600bp 

(KSα/KSβ) and 700-800bp (A3F/A7R). Amplification 

products were analyzed by electrophoresis in 2% agarose gels.  

Bacterial identification by 16S rRNA gene sequence 

analysis  

Genomic DNA extraction, PCR amplification of 16S 

rRNA gen, sequencing of 16S rRNA gene and 

reconstruction of phylogenetic tree were performed as 

described in Retnowati et al. (2017).  

RESULTS AND DISCUSSION 

The characters of mangrove forest of Torosiaje located 

at sub-district of Popayato, district of Pohuwato, Gorontalo 

Province, Indonesia (549.14 Ha) consisted of two types of 

forest, namely overwash and fringe mangrove. The 

topography differences of both of forest type influence to 

the diversity and distribution of actinomycetes on different 

mangrove type and location (Retnowati et al. 2017).  

Metabolites containing in actinomycetes isolates 

According to preliminary screening for antimicrobial 

activity of actinomycetes, only 77 isolates demonstrated 

their specific characters, included broad and narrow 

spectrum (Retnowati et al. 2017). Six selected 

actinomycetes isolates (strains FUAm2-h1, FMBg2-x3, 

FMRa1-a, OBg4-e, ORm4-a and FUXy2-d) were capable 

to produce a high antibiotic concentration shown by large 

inhibition zones and dry weight of crude extract (Figure 1).  

 

 

 
A 

B 

Figure 1. The production of antimicrobial compound by 

actinomycetes isolates. A. detection qualitatively of ability 

antimicrobial production on actinomycetes isolates after 24-hour 

incubation; B. The metabolites crude extracts content produced by 

actinomycetes isolates after ten days cultivation 
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The secondary metabolite production quantitatively and 

qualitatively depended on the strains. The largest inhibition 

zone indicated the high ability of bioactive compound 

production by actinomycetes isolates. There were several 

actinomycetes isolates could not produce antimicrobial 

compounds shown by no inhibition zone. Strain OBg4-e 

showed the lowest ability to produce extracellular 

metabolites, while the ORm4-a, and FMRa1-a were 

opposite; and the lowest production ability of intracellular 

metabolite shown by strain FUAm2-h1. The secondary 

metabolite biosynthesis, especially antibiotic is a specific 

property of microbes which depends on culture conditions 

(Ripa et al. 2009; Bundale et al. 2015). The production of 

secondary metabolite is influenced by various 

environmental factor including nutrient (nitrogen, 

phosphorous and carbon source), growth rate, feedback 

control, enzyme inactivation and variable conditions 

(oxygen supply, temperature, light, pH) (Ozkay 2011; 

Bundale et al. 2015). As the most significant component in 

the medium, carbon sources plays a critical role as sources 

of precursors and energies for the synthesis of biomass 

building block and secondary metabolite production (Ripa 

et al. 2009; Ozkay 2011; Bundale et al. 2015). 

 

Antimicrobial activities of metabolite crude extract 

The actinomycetes strains FUAm2-h1 and FMBg2-x3 

were the most potential strain as producing antibiotics with 

the highest antibacterial and antifungal activities (Figure 2). 

The metabolites crude extracts showed antibacterial 

activities against E. coli, S. aureus, B. subtilis. The 

antibacterial activities were different among crude extract; 

the highest inhibition of crude extract showed on the 

growth inhibition of E. coli on 6.15 to 14.65 mm of clear 

zone diameters. However, several metabolites crude extract 

did not inhibit the growth of B. subtilis and S. aureus. 

Overall, antibacterial activities of metabolites crude extract 

tend to be lower than the antibacterial activities of standard 

antibiotics, such as ampicillin and chloramphenicol on 

clear zone diameters of 11 to 14 mm and 25 to 31.7 mm, 

respectively. The metabolites crude extract showed the 

highest inhibition on the growth of A. niger on the clear 

zone diameters of 1.5 to 19.7 mm. The data also showed 

that secondary metabolite produced by several 

actinomycetes isolates did not inhibit the growth of C. 

albicans. That was indicated that secondary metabolite 

produced by actinomycetes isolates had specific target to 

influence the growth of organisms. However, the antifungal 

activities of metabolites crude extract produced by the six 

selected actinomycetes isolates tend to be lower than that 

of antibiotics standard, such as nystatin on clear zone 

diameters of 15 to 30 mm.  

The metabolites produced by mangrove actinomycetes 

showed the activity as antibacterial, antifungal, antiviral 

and anticancer (Suthindhiran et al. 2010; Amrita et al. 

2012; Ravikumar et al. 2011; Doroghazi and Metcalf 2013; 

Lee et al. 2014; Shetty et al. 2014; Zotchev 2014). The 

action of antibiotics is specific on especially targets in 

microbes through binding of compounds or compound-

specific cellular function interaction. That action requires a 

series of complex processes started by physical interaction  

 
 

A 

 
B 

 

Figure 2. Antimicrobial activities of crude extract metabolites 

produced by selected actinomycetes isolates. A. Antibacterial 

activity; B. Antifungal activity 

 

 

between molecules and specific targets site on microbes. It 

involves the biochemically, molecularly and structurally 

changing. Some of important processes in cells affected by 

antibiotics are DNA replications, RNA biosynthesis, 

peptidoglycans synthesis and protein synthesis (Maillard 

2002; de Lima-Procopio et al. 2012). Antibiotics influence 

the cells through two kinds of action, cydal action, and 

static action. The cydal compounds generally have multiple 

targets sites in microbial cells, and it is able to hardly 

interact on targets site and overall affects to the destruction 

of targets sites then induce the biocide effects. The static 

compounds generally show the weakly physical interaction 

to lipophilic component in the cell wall of microbes, and 

affect to the reduction of cytoplasm membrane function 

and the ruined of proton conductor (Maillard 2002; de 

Lima-Procopio et al. 2012). 

 

MIC value of metabolites crude extract produced by 

strain FUAm2-h1 and FMBg2-x3 

The metabolite crude extract produced by two potential 

actinomycetes isolates showed an inhibition to the growth 

of microbial pathogen on MIC value of 0.0094 to 0.28 

mg/mL (Figure 3). The metabolites crude extract produced 

by strain FUAm2-h1 showed the bacteriostatic activities 

against E. coli, S. aureus and B. subtilis on the 

concentration levels of 0.094, 0.125 and 0.28mgmL-1, 

respectively. However, higher concentration was required 

to inhibit B. subtilis, especially extracellular crude extract. 



 B IODIVERSITAS 19 (6): 2196-2203, November 2018 

 

2200 

Metabolites crude extract produced by strain FMBg2x3 

showed the fungal-static activities to A. niger and C. 

albicans on MIC value of 0.125 and 0.25 mgmL-1, 

respectively. The metabolite crude extract effectively 

inhibited A. niger. However, the MIC values of metabolites 

crude extract produced by the two selected isolates tended 

to be lower than MIC value of antibiotic standard, 

ampicillin, and nystatin.  

Active compounds in metabolite crude extract 

The screening of active compound in metabolite crude 

extract produced by strain FUAm2-h1 and FMBg2-x3 was 

carried out based on bio-autography assay. It was started 

with separation of metabolite using TLC; the result showed 

that metabolite crude extract produced by strain FUAm2-h1 

and FMBg2-x3 separated on three spots (Figure 4).  

The bio-autography assay has successfully determined 

active spot showing inhibition of microbial pathogen 

growth. The active spot of extracellular metabolite 

produced by strain FUAm2-h1 on Rf value of 0.94 inhibited 

the growth of S. aureus (Figure 5). Bio-autography assay is 

analytical technique in which organic compounds are 

separated by chromatography and identified by studying 

their effect on the growth of test microbes. This technique 

also provides information about the single or multiple 

compounds that responsible for antibacterial activities. It is 

very convenient and simple way of testing natural product 

and pure substances for their effects on pathogenic 

microbes (Bavya et al. 2011; Shetty et al. 2014). 

Characters and identity of active compound 

The characterization and identification of active 

compound have been conducted based on several ways, 

such as coloring of spot active on TLC analysis, separation 

of substance using LC-MS, analysis of functiona groups 

using FTIR and molecular approach through detection of 

genes involved in secondary metabolite biosynthesis. The 

initial detection through coloring of active spot using 

spotting appearance of ninhydrin and dragendorf on TLC 

plate exhibited that the active compounds were not member 

of β-Lactam and alkaloids groups (Figure 6). Cefixime 

antibiotic and quinine used as standard substance for β-

lactam and alkaloids, respectively. 

 

 

 

 
 
 

Figure 3. MIC value of metabolites crude extract produced by 

strain FUAm2-h1 and FMBg2-x3 against pathogenic microbes. 

 
 

 

Figure 4. Chromatograms TLC of metabolites crude extract using 

methanol-chloroform (2: 1v/v) as mobile solvent system. a,b 

metabolite of strain FUAm2-h1 and FMBg2-x3, respectively. 1,3. 

acetone crude extract; 2,4, ethyl acetate crude extract 

 

 

 

 
 
 

Figure 5. Bio-autography assay of metabolites produced by strain 

FUAm2-h1 

 

 

  
 

Figure 6. Active spot appearance detected using ninhydrin and 

dragendorf. a. active spot on Rf value of 0.94; b. ninhydrin 

coloring; c. dragendorff coloring. Number 1 and 2: intracellular 

and extracellular metabolite crude extract; 3. Standard cefixime 

and quinine respective for β-lactam and alkaloids. 
 

 

The liquid chromatography has successfully separated 

active compound in mixture compounds into 17 peaks on 

retention time of 20 min (Figure 7). There were 3 major 

peaks detected on the retention time of 9.39, 9.93, and 

12.84 min; and the molecular weight measured on 507.37, 

344.32 and 563.66 G mole-1, respectively.  

1       2       3 1       2       3 
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The compound in its IR spectrum exhibits the bands at 

3318, 2973, 2927, 2882, 2128, 1925, 1658, 1452, 1419, 

1379, 1328, 1274, 1087, 1045, 880, dan 803 cm-1 (Figure 

8); those showed the presence of functional groups consist 

of N-H (amide, amine, alkuna) on 3300-3500 cm-1, C-H 

(alkane) on 2850-2970 cm-1, –CH2- and C-H (alkane) on 

1340-1470 cm-1, –CH3-, -C-N (amine and amide) on 1180-

1360 cm-1, NO2 nitro compound on 1300-1370 cm-1, C-O 

(alcohol, ether, carboxylic acid, ester) on 1050-1300 cm-1, 

alkene on 675-995 cm-1, and C-H aromatic ring on 690-900 

cm-1. The functional group of the active compound 

interacts reversibly with the metabolite receptors in the 

microorganism target to produce a specific biological 

response. 

The antibiotics production of two potential 

actinomycetes isolates was regulated by double genes, i.e., 

PKS-II and NRPS. The genes (PKS-I, PKS-II and NRPS) 

involved in secondary metabolites biosynthesis; the 

existence of PKS-II and NRPS genes in chromosomal 

DNA was appeared in the both of potential isolates of 600 

base pairs and 700 base pairs, respectively; however, PKS-I 

gene was negatively amplificated (Figure 9). PCR 

amplification of genes involved in secondary metabolites 

biosynthesis using specific set primer of K1F-M6R, KSα-

KSβ, A3F-A7R resulted size of PCR product of 1,200-

1400bp, 600bp, and 700-800bp, respectively (Lee et al. 

2014). The secondary metabolites biosynthesis especially 

antibiotics are catalyzed by specific enzymes which 

generally regulated by clusters gene. By the existence of 

PKS-II and NRPS genes in both chromosomal DNA of 

actinomycete isolates, showed the antibiotics biosynthesis 

pathway and the possible types of antibiotics produced 

(Adegboye and Babalola, 2015). The PKS type I and PKS 

type II, components of polyketide synthases catalyze 

synthesys of aliphatic polyketides and aromatic 

polyketides, respectively. While, the biosynthesis of non-

ribosomal polypeptide catalyzed by non-ribosomal 

polypeptide synthase enzymes (Sacido and Genilloud 2004; 

Ozcan 2017). In conclusion, the active compound produced 

by strain FUAm2-h1 was predicted as the mixture 

compounds consisted of aromatic polyketide group and 

non-ribosomal polypetide. 
 

 
 

Figure 7. Chromatogram LC of extracelullar active compounds produced by strain FUAm2-h1 

 

 

 

 
 

Figure 8. FTIR spectrum of extracelullar active compound produced by strain FUAm2-h1 



 B IODIVERSITAS 19 (6): 2196-2203, November 2018 

 

2202 

 

   
 

Figure 9. Visualization of PKSs and NRPS genes on 2% agarose 

gel electrophoresis. (from left to right: I.M. Marker 100bp plus, 

100bp; K. Streptomyces sp; 1. Strain FUAm2-h1; 2. Strain 

FMBg2-x3. 

 

 
 

Figure 10. Neighbor-joining of phylogenetic tree inferred from 

16S rRNA sequence.  

 

 

Identity of the potential actinomycetes isolates 

The BLAST analyses of 16S rRNA gene sequence data 

successfully revealed that strain FUAM2-h1 on similarity 

of 97% to Streptomyces qinglanensis strain 172205 and 

strain FMBg2-x3 on 99% to Streptomyces sanyensis strain 

219820. The distinction of phylogenetic position has been 

observed and also further confirmed for the construction of 

phylogenetic tree on the Neighbour-joining method (Figure 

10). In conclusions, the potential antibiotic-producing 

isolates designed as Streptomyces qinglanensis strain 

FUAm2-h1 and Streptomyces sanyensis strain FMBg2-x3. 

In conclusion, this study has successfully revealed the 

antimicrobial activities of secondary metabolites produced 

by actinomycetes isolates from mangrove rhizosphere on 

mangrove forest of Torosiaje, Gorontalo, Indonesia. The 

antimicrobial activities of two actinomycete isolates 

showed the performance of antibiotics suspected as 

aromatics polyketides group. The two potential 

antimicrobial isolates were identified as Streptomyces sp. 

strain FUAm2-h1 and Streptomyces sp strain FMBg2-x3. 

The potential of those selected actinomycetes from extreme 

environments of mangrove forest constitute a source of 

promising actinomycete strains producing biologically 

active secondary metabolites. 
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Abstract. Kemal RA, Sandjaja EBL, Santosa AP, Ivan J. 2018. Short Communication: Identification of Mildew Locus O (MLO) genes 

in Durio zibethinus genome corresponding with the Powdery Mildew disease. Biodiversitas 19: 2204-2212. Mildew Locus O (MLO) is 

a protein consisting of seven transmembrane domains and appears in the various type of plants. MLO proteins are classified into seven 

clades. It is known that specific clades have different roles in a plant. MLOs from Clades IV and V have been linked to plant's susceptibility to 

Powdery Mildew (PM) disease. This study aimed to provide an overview of MLO genes present in durian (Durio zibethinus) genome. 

Bioinformatic analyses were conducted to analyze the phylogeny and structure of MLO genes and proteins in durian. The result showed 

that there were 20 putative DzMLO genes in durian, encoding 39 putative DzMLO proteins. Durian MLOs belong to Clade I-VI with 

one protein belongs to Clade IV and five proteins belong to Clade V. Those six MLO proteins shared a common motif in C-terminal and 

second intracellular domains. Putative alternative splicing and differential expressions were observed among Clade V DzMLO genes. 

These findings will facilitate the functional characterization of MLO genes and proteins in durian. Functional studies, especially on C-

terminal and second intracellular domains, need to be conducted to elucidate the role of MLO in PM susceptibility in durian.   

Keywords: Bioinformatics, durian, Durio zibethinus, Mildew Locus O, powdery mildew 

Abbreviations: CT: C-terminal, CaMBD: Calmodulin-binding domain, DzMLO: Durio zibethinus MLO, EC: Extracellular, IC: 

Intracellular, MLO: Mildew Locus O, NT: N-terminal, PM: Powdery Mildew, TM: Transmembrane  

INTRODUCTION 

Mildew Locus O (MLO) is a highly conserved protein 

containing seven transmembrane domains (Acevedo-Garcia 

et al. 2014; Rispail and Rubiales 2016). MLO proteins are 

classified into at least seven clades (Kusch et al. 2016) and 

members of clades IV and V have been linked to plant’s 

susceptibility to Powdery Mildew (PM) disease (Appiano 

et al. 2015a). Powdery mildew is a plant disease caused by 

fungal infection from the order of Erysiphales (Kuhn et al. 

2016). Fungal growth on the epidermal cells of the leaves 

can cover the leaves’ surface area and lead to the declining 

photosynthesis rate (Heffer et al. 2006; Berg et al. 2017). 

The disease has been reported in some plants such as 

grapevines (Feechan et al. 2011), cherry (Hubert et al. 

2012), and legumes (Rubiales et al. 2015). 

MLO has also been reported to have another role in 

phytohormones signaling, stress response processes, and 

root thigmomorphogenesis (Chen et al. 2009; Acevedo-

Garcia et al. 2014). Some reports suggested that knockout 

of MLO gene should be performed to prevent the Powdery 

Mildew diseases (Pessina et al. 2016), but there are 

possibilities that the disruption or knockout of MLO genes 

may hamper the regulation or process of phytohormones 

and stress responses. However, the biochemical function of 

MLO proteins remains unknown (Kusch et al. 2016; Zheng 

et al. 2016). Therefore, functional study of MLO proteins 

becomes interesting. To study them, the first step is to 

identify MLO genes. 

Analysis of MLO gene can be conducted by cloning and 

characterization of a single gene (Cheng et al. 2012; Cheng 

et al. 2013; Qin et al. 2015). Currently there are some 

reports analyzing MLO genes on the whole genome level, 

for example in cucumber (Zhou et al. 2013; Schouten et al. 

2014), rose (Qiu et al. 2015), pea (Mohapatra et al. 2016), 

legumes (Rispail and Rubiales 2016), sweet orange (Liu et 

al. 2017), barrel clover, and chickpea (Deshmukh et al. 

2017). Durian (Durio zibethinus) is a native fruit to South-

East Asia region which draft genome was recently 

published (Teh et al. 2017). This fruit has been known for 

its sweet taste with a strong penetrating odor, and this fruit 

is deeply appreciated in South-East Asia as the ‘king of 

fruit’ (Li et al. 2012). There is a report that Durio 

zibethinus can act as a host of Powdery Mildew diseases 

(AQIS 1999; Siahaan et al. 2016) which might be 

correlated with the activity of MLO genes. This study 
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aimed to analyze the number, structure, and pattern of 

MLO gene family in durian genome. Results from this 

analysis are expected to provide insight on further 

functional studies of the MLO genes in durian.  

MATERIALS AND METHODS 

Retrieval of putative MLO genes from Durio zibethinus 

The genome of Durio zibethinus was retrieved from 

NCBI (Genome ID: 57226). Using Genome BLAST tool, a 

blast was conducted on the genome using Arabidopsis 

thaliana MLO 2 (AtMLO2) protein sequence. Protein and 

its corresponding gene and mRNA sequences were downloaded 

for these analyses. Retrieved proteins were checked for the 

presence of MLO domain using Pfam (http://pfam.xfam.org/). 

Sequences without MLO domain were omitted. Gene and 

mRNA sequences were checked for the locus and mRNA 

products in NCBI. Locus of the respective gene was 

obtained from the GeneID site, while the mRNA product 

was obtained from the CDS in the GenBank. Proteins from 

the same gene locus but resulted from different mRNA 

were grouped as putative isoforms. mRNA coding for 

miscellaneous mRNA was omitted from the analysis. 

Information on coding region length, number of exon and 

intron, and amino acid residues were recorded. Proteins 

were analyzed for putative molecular weight and isoelectric 

point using ExPASy (https://web.expasy.org/compute_pi/).  

Protein phylogenetic analysis 

The longest isoform of each durian MLO (DzMLO) 

protein was selected for phylogenetic analysis. For 

comparison and clade determination, MLO protein 

sequences from other dicots were retrieved from the NCBI 

database. These were of A. thaliana (AtMLO1-AtMLO15), 

Aquilegia coerulea (AcMLO1, AcMLO3, AcMLO4, 

AcMLO5, AcMLO9, AcMLO10, AcMLO12, AcMLO13), 

Fragaria vesca (FvMLO1, FvMLO7, FvMLO9, 

FvMLO10, FvMLO13, FvMLO14, FvMLO17), Glycine 

max (GmMLO4, GmMLO7, GmMLO8, GmMLO24, 

GmMLO28, GmMLO30, GmMLO31, GmMLO33), 

Nelumbo nucifera (NnMLO1, NnMLO5, NnMLO3, 

NnMLO6, NnMLO8, NnMLO11, NnMLO12, NnMLO13). 

MLO protein sequences were also retrieved from monocots 

Hordeum vulgare (HvMLO1, HvMLO2, HvMLO7, 

HvMLO8), Oryza sativa (OsMLO3, OsMLO4, OsMLO8, 

OsMLO12), Triticum aestivum (TaMLO B1, TaMLO4, 

TaMLO5, TaMLO6), Zea mays (ZmMLO1, ZmMLO2, 

ZmMLO11, ZmMLO13). Multiple sequence alignment 

(MSA) of MLO protein sequences was conducted using 

MUSCLE (Edgar 2004), and Maximum Likelihood 

phylogenetic tree was constructed with 1000 times 

bootstrap replicates (Hall 2013). 

Phylogenetic and structure analysis and DzMLO genes 

DzMLO genes were aligned using CLUSTALW, and 

the phylogenetic tree was constructed by MEGA 5 (Tamura 

et al. 2011) using Maximum Likelihood method with 

Tamura-Nei model (Tamura and Nei 1993) and 1000 times 

bootstrap (Hall 2013). Branches supported with less than 

50 bootstrap value were collapsed. The resulting tree was 

exported as Newick file, and the gene structure was drawn 

with Gene Structure Display Server 2.0 (GSDS 2.0: 

http://gsds.cbi.pku.edu.cn/).  

Protein motif and gene ontology prediction 

To enable motif comparison within and between clades, 

all 39 putative DzMLO proteins were aligned using 

CLUSTALW, and the phylogenetic tree was constructed by 

MEGA 5 (Tamura et al. 2011) using Maximum Likelihood 

method JTT matrix-based model (Jones et al. 1992) and 

1000 times bootstrap replicates (Hall 2013). Branches 

supported with less than 50% bootstrap value were 

collapsed. Conserved motifs in amino acid sequences were 

analyzed using the MEME algorithm (Bailey et al. 2009). 

The parameters were set to search a maximum of 20 motifs 

with 25-50 residues wide. Several identified motifs were 

analyzed using FIMO search tool (Grant et al. 2011) 

against the Ensembl Genomes database for Saccharomyces 

cerevisiae version 86. Gene list obtained was analyzed 

using Generic GO Term Finder (Boyle et al. 2004) and 

annotated using Saccharomyces cerevisiae SGD for 

processing ontological aspect.  

Expression pattern analysis 

mRNA sequences belonged to Clades IV, and V were 

analyzed using BLAST in Sequence Read Archive (SRA) 

database. The RNA’s sequences of Durio zibethinus 

Musang King isolated from leaf, root, stem, and arils were 

obtained by Teh et al. (2017) served as a template. Putative 

expression pattern was obtained based on the coverage of 

the sequence. Sequences that are covered by the short reads 

with less than 200 bp gaps are coded as expressed (+).  

RESULTS AND DISCUSSION 

 Identification of durian MLO (DzMLO) gene family 

Analysis showed that there are 20 putative MLO genes 

in durian genome (Table 1). This number is in line with 

other eudicot members that have 13-39 genes with a mean 

of 19.5 MLO/species (Kusch et al. 2016). MLO gene 

structure such as number of predicted introns that seems to 

be relatively conserved even among phylogenetically 

distant plant species such as potato Solanum tuberosum 

(Appiano et al. 2015b), tomato S. lycopersium (Zheng et al. 

2016), thale cress A. thaliana, barley H. vulgare, rice O. 

sativa (Devoto 2003), barrel clover Medicago truncatula, 

and chickpea Cicer arietinum (Deshmukh et al. 2017). 

Eight (40%) genes are predicted to code for isoform 

proteins. Four genes (DzMLO4, DzMLO13, DzMLO15, 

DzMLO17) produce two isoforms, two genes (DzMLO3, 

DzMLO19) produce three isoforms, one gene (DzMLO16) 

produces five isoforms, and one gene (DzMLO18) produces 

eight isoforms. Therefore, it is predicted that durian has 39 

MLO proteins. The predicted molecular weight ranges 

from 38.99 kDa (DzMLO18 X8) to 67.14 kDa 

(DzMLO12). All proteins are predicted to be alkaline 

(Table 1) which is similar to all predicted MLO proteins 

such as those from S. lycopersicum (Chen et al. 2014), M. 

truncatula, and C. arietinum (Deshmukh et al. 2017). 
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Table 1. Putative MLO genes from D. zibethinus and their corresponding products 

 

Name Gene Isoform 

Coding 

region 

(bp) 

Exon 

number 

Intron 

number 

Amino acid 

residues 

Protein 

Accession 

Number 

The molecular 

weight (kDa)  

Isoelectric 

point 

DzMLO1 LOC111315043 - 1470 14 13 489 XP_022772397.1 56.13 9.23 

DzMLO2 LOC111294434 - 1515 13 12 504 XP_022743467.1 57.15 8.95 

DzMLO3 LOC111277785 X1 1509 13 12 502 XP_022719935.1 56.99 8.86 

  X2 1434 12 11 477 XP_022719936.1 54.02 8.69 

  X3 1320 12 11 439 XP_022719937.1 50.18 8.85 

DzMLO4 LOC111276721 X1 1509 14 13 502 XP_022718216.1 57.68 8.43 

  X2 1506 14 13 501 XP_022718217.1 57.61 8.43 

DzMLO5 LOC111310601 - 1359 13 12 452 XP_022765807.1 51.84 7.66 

DzMLO6 LOC111304402 - 1590 15 14 529 XP_022756687.1 60.08 9.09 

DzMLO7 LOC111300107 - 1677 15 14 558 XP_022751467.1 64.66 8.82 

DzMLO8 LOC111296618 - 1704 15 14 567 XP_022746752.1 65.03 8.81 

DzMLO9 LOC111292305 - 1707 15 14 568 XP_022740337.1 65.76 8.29 

DzMLO10 LOC111310303 - 1713 15 14 570 XP_022765350.1 66.16 9.31 

DzMLO11 LOC111304404 - 1716 15 14 571 XP_022756688.1 66.28 9.64 

DzMLO12 LOC111284736 - 1746 15 14 581 XP_022729353.1 67.14 8.03 

DzMLO13 LOC111311041 X1 1680 15 14 559 XP_022766152.1 64.52 9.37 

  X2 1674 15 14 557 XP_022766153.1 64.23 9.42 

DzMLO14 LOC111310872 - 1563 15 14 520 XP_022765985.1 58.91 9.15 

DzMLO15 LOC111292943 X1 1713 15 14 570 XP_022741334.1 65.15 9.37 

  X2 1338 14 13 445  

(XP_022741335.1 

51.37 9.47 

DzMLO16 LOC111301676 X1 1704 15 14 567 XP_022753242.1 65.23 8.68 

  X2 1701 15 14 566 XP_022753243.1 65.10 8.68 

  X3 1668 14 13 555 XP_022753244.1 63.68 8.80 

  X4 1587 14 13 528 XP_022753245.1 60.76 8.87 

  X5 1494 12 11 497 XP_022753246.1 56.83 8.14 

DzMLO17 LOC111296812 X1 1695 15 14 564 XP_022747015.1 64.89 9.20 

  X2 1287 14 13 428 XP_022747016.1 49.50 9.21 

DzMLO18 LOC111284848 X1 1392 13 12 463 XP_022729613.1 53.54 8.60 

  X2 1296 14 13 431 XP_022729615.1 49.87 8.61 

  X3 1215 11 10 404 XP_022729617.1 46.94 8.56 

  X4 1182 12 11 393 XP_022729619.1 45.70 8.78 

  X5 1182 12 11 393 XP_022729620.1 45.00 8.75 

  X6 1119 11 10 372 XP_022729621.1 43.22 8.68 

  X7 1053 10 9 350 XP_022729622.1 40.16 8.65 

  X8 1002 10 9 333 XP_022729623.1 38.99 8.91 

DzMLO19 LOC111275322 X1 1461 14 13 486 XP_022716339.1 56.84 8.70 

  X2 1344 13 12 447 XP_022716340.1 52.62 8.62 

  X3 1191 13 12 396 XP_022716341.1 46.16 8.81 

DzMLO20 LOC111312931 - 1692 14 13 563 XP_022769423.1 64.27 9.27 

 

 

 

 

Table 2. Clades classification of DzMLO 

 

Clade DzMLO Amount (%) 

I 7, 8, 9, 16 4 (20%) 

II 1, 2, 3, 4, 18, 19 6 (30%) 

III 14, 15 2 (10%) 

IV 20 1 (5%) 

V 10, 11, 12, 13, 17 5 (25%) 

VI 5, 6 2 (10%) 

VII - 0 (0%) 

 

Phylogenetic of durian MLO (DzMLO) protein 

The result of phylogenetic analysis of durian MLO 

protein family showed separation of MLOs into several 

clades (Figure 1). Clades numbering was based on 

Arabidopsis MLO protein classification (Devoto et al. 

2003, Appiano et al. 2015b) (Figure 1). The results showed 

that MLO proteins from durian belong to Clades I-VI 

(Table 2). Majority of durian MLO (6 of 20, 30%) are 

members of Clade II. The clade distribution resembles 

other dicots (Kusch et al. 2016).  

MLO gene structure analysis 

The number of exons in DzMLO genes ranges from 10 

to 15, while the number of introns ranges from 9 to 14. The 

majority (60%) of the longest isoform genes have 15 exons 

and 14 introns (Table 1). Gene structure analysis (Figure 2) 

showed the differences in gene structure between DzMLO 

genes. The phylogenetic tree and gene structure support the 

presence of 20 MLO genes. The grouping of DzMLO genes 

supports the classification of DzMLO protein family in 

Figure 1. Some possible types of alternative splicing 

https://www.ncbi.nlm.nih.gov/gene/111315043
https://www.ncbi.nlm.nih.gov/gene/111315043
https://www.ncbi.nlm.nih.gov/gene/111294434
https://www.ncbi.nlm.nih.gov/gene/111294434
https://www.ncbi.nlm.nih.gov/gene/111277785
https://www.ncbi.nlm.nih.gov/gene/111277785
https://www.ncbi.nlm.nih.gov/gene/111276721
https://www.ncbi.nlm.nih.gov/gene/111276721
https://www.ncbi.nlm.nih.gov/gene/111310601
https://www.ncbi.nlm.nih.gov/gene/111310601
https://www.ncbi.nlm.nih.gov/gene/111304402
https://www.ncbi.nlm.nih.gov/gene/111304402
https://www.ncbi.nlm.nih.gov/gene/111300107
https://www.ncbi.nlm.nih.gov/gene/111300107
https://www.ncbi.nlm.nih.gov/gene/111296618
https://www.ncbi.nlm.nih.gov/gene/111296618
https://www.ncbi.nlm.nih.gov/gene/111292305
https://www.ncbi.nlm.nih.gov/gene/111292305
https://www.ncbi.nlm.nih.gov/gene/111310303
https://www.ncbi.nlm.nih.gov/gene/111310303
https://www.ncbi.nlm.nih.gov/gene/111304404
https://www.ncbi.nlm.nih.gov/gene/111304404
https://www.ncbi.nlm.nih.gov/gene/111284736
https://www.ncbi.nlm.nih.gov/gene/111284736
https://www.ncbi.nlm.nih.gov/gene/111311041
https://www.ncbi.nlm.nih.gov/gene/111311041
https://www.ncbi.nlm.nih.gov/gene/111310872
https://www.ncbi.nlm.nih.gov/gene/111310872
https://www.ncbi.nlm.nih.gov/gene/111292943
https://www.ncbi.nlm.nih.gov/gene/111292943
https://www.ncbi.nlm.nih.gov/gene/111301676
https://www.ncbi.nlm.nih.gov/gene/111301676
https://www.ncbi.nlm.nih.gov/gene/111296812
https://www.ncbi.nlm.nih.gov/gene/111296812
https://www.ncbi.nlm.nih.gov/gene/111284848
https://www.ncbi.nlm.nih.gov/gene/111284848
https://www.ncbi.nlm.nih.gov/gene/111275322
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https://www.ncbi.nlm.nih.gov/gene/111312931
https://www.ncbi.nlm.nih.gov/gene/111312931
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occurred are exon skipping, intron retention, alternative 

promoter, and alternative polyadenylation sites (Black 

2003, Keren et al. 2010). In an exon-skipping mechanism, 

an exon can be regulated to be excluded in the mature 

mRNA. The fourth exon of DzMLO19 might be an 

example of this mechanism. The inclusion of the exon 

results in the longest X1 isoform, while exon skipping 

results in shorter X2 isoform. An intron can be retained in 

the mature mRNA; as in DzMLO18 X1 and X2 isoforms 

which difference might have resulted from intron retention. 

The intron between the ninth and tenth exons of DzMLO18 

X2 might be retained to produce longer ninth exon of 

DzMLO18 X1. Alternative promoters can result in different 

transcription start, therefore different 5’-end exon. 

Difference between DzMLO18 X1 and X3 isoforms might 

be produced by different promoter use, making DzMLO18 

X3 isoform has longer untranslated upstream and lacks the 

first two exons of DzMLO18 X1. Alternative 

polyadenylation site can result in different transcription 

termination, therefore different 3’-end exon. Difference 

between DzMLO17 X1 and X2 isoforms might be produced 

by the use of different polyadenylation site, making 

DzMLO17 X2 isoform has longer untranslated downstream 

and lacks the last exon of DzMLO17 X1. Two members of 

Clade V MLO, DzMLO13 and DzMLO17, are suggested to 

undergo alternative splicing. Alternative splicing of MLO 

genes has also been observed in tomato (Zheng et al. 2016). 

Data mining on Plant Alternative Splicing Database 

(http://proteomics.ysu.edu/altsplice/) also showed the 

presence of alternative splicing in several Clade V MLO, 

such as Nelumbo nucifera NnMLO7 and Malus domestica 

MdMLO19, as well as Clade IV MLO Zea mays ZmMLO1.  

MLO protein motif 

Most conserved MLO protein motifs (Motifs 1-5, 7-8) 

are located in transmembrane (TM) and intracellular (IC) 

domains (Figure 3). When DzMLO proteins were analyzed 

using only one longest isoform for each gene, a motif that 

contains a calmodulin-binding domain (CaMBD) was 

found in all DzMLO except DzMLO18 (data not shown). 

When all putative MLO was analyzed, a motif that contains 

CaMBD (Motif 9) was detected in all DzMLO including 

DzMLO18 (Figure 3). CaMBD in DzMLO18 is located in 

the second intracellular domain (IC2), but in other 

DzMLOs, it is located in C-terminal (CT).  

  

 

 
 

Figure 1. Phylogenetic tree of MLO protein from durian and other angiosperms showed seven clades. Members of durian MLO were 

distributed in all clades except for Clade VII. The number on the branches indicates the percentage of 1000 bootstrap replicates that 

support the node. The tree was constructed using MEGA 5 software (Tamura et al. 2011) 
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Figure 2. Phylogenetic tree and structure of DzMLO genes. There were variations among genes and similarity among isoforms in term 

of number, position, and length of exon, intron, and upstream/downstream regions. Gene structure was constructed using GSDS 2.0, and 

the accompanying dendogram was constructed using MEGA 5 (Tamura et al. 2011)  

 

 

 

Other variable motifs showed association with clades 

(Table 3). A motif in IC2 is different between DzMLO 

Clade I and other clades. Motif 13 is only detected in Clade 

I but seems to be replaced by Motif 6 in other clades. 

Motifs 6 and 10 are found in DzMLO Clades II-VI while 

Motif 20 is only found in Clades III-VI. Motif 17 is found 

in first extracellular (EC1) domain of Clades IV and V as 

well as in CT of two members of Clade I (DzMLO9 and 

DzMLO16). Motif 15 is only found in C-terminal of Clades 

IV and V. Two members of Clade V, DzMLO 13 and 

DzMLO17, are predicted to undergo alternative splicing. 

Both DzMLO13 isoforms have identical motif 

organization. However, isoform 2 of DzMLO17 lacks 

motifs 9 and 15 which contain CaMBD motif and C-

terminal respectively (Figure 3). Clade-specific motif 

diversification was also observed by Kusch et al. (2016). 

Protein motifs supported the gene structure analysis. 

Motif variations between isoforms suggested the alternative 

splicing events. Analysis of three isoforms DzMLO3 can 

serve as an example. Gene structure difference between 

DzMLO3 X1 dan X2 is the lack of the sixth exon in 

DzMLO3 X2 (Figure 2). This is supported by the lack of 
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the sixth motif, containing Motif 6, in DzMLO3 X2 protein 

(Figure 3). Gene structure difference between DzMLO3 X1 

dan X3 is the longer untranslated upstream region in 

DzMLO3 X3 (Figure 2). This is supported by the lack of 

first two motifs, containing Motifs 3 and 8, in DzMLO3 X3 

protein (Figure 3). 

Motifs found in Clades IV and V predict the function of 

the protein in molecule transport and cellular process 

regulation (Table 3). This functional assignment was also 

predicted by Kusch et al. (2016). The Saccharomyces 

cerevisiae is distantly related to plants and lacks MLO 

proteins. However, it has one of the best-annotated 

genomes, therefore enabling detailed and comprehensive 

gene ontology analysis (Kusch et al. 2016).  

Members of MLO Clade IV and V are suspected to 

confer susceptibility to PM in monocots and dicots, 

respectively (Pessina et al. 2016). There are 1 and five 

members of durian MLO that belong to Clade IV and V, 

respectively. Those MLOs were clustered together with 

MLOs that have been linked to susceptibility to PM such as 

AtMLO02, AtMLO06, and AtMLO12 (Appiano et al. 

2015a). It has been shown that Clade IV and V are 

complimentary for PM resistance (Appiano et al. 2015a). 

Interestingly, members of Clade IV and V have shared 

motif in C-terminal (Motif 20). This motif is predicted to 

be associated with signal transduction and response to 

stimulus (Table 3).  

 

 

 

 
 
 

Figure 3. Motifs distribution in DzMLO protein family. Different motifs are colored differently and numbered from 1 to 20. All motifs 

were identified using the MEME algorithm. The accompanying dendogram of DzMLO protein was constructed using MEGA 5 (Tamura 

et al. 2011) 
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Table 3. Gene ontology prediction of several protein motifs found in DzMLO Clades IV and V  

 

Motif Clade DzMLO Location Top GO Term 

6 II-VI 1-6, 10-15, 17-20 IC2 Localization, Transport (nitrogen compound, ion, organic 

substance)  

10 II 

III 

IV 

V 

VI 

18 (X1-X5, X7), 19 

(X1-X2) 

15 

20 

10, 11, 12, 13, 17 

6 

EC1 

IC2 

IC2 

IC2 

IC2 

The nucleic acid metabolic process, transposition, cellular 

response to DNA damage  

13 I 7, 8, 9, 16 (X1-X2) IC2 Regulation of cellular process (cellular component organization, 

organelle organization, cell cycle process) 

15 IV 

V 

20 

10, 11, 12, 13, 17 (X1) 

CT 

CT 

Transposition, DNA integration, cell communication (signal 

transduction, response to stimulus) 

17 I 

IV 

V 

9, 16 

20 

10, 11, 12, 13, 17 

CT 

EC1 

EC1 

Regulation of biological process (phosphorylation, intracellular 

signal transduction), localisation (macromolecule), transport 

(organic substance), regulation of cellular process 

20 III 

III 

IV 

V 

VI 

VI 

14 

15 

20 

11, 12, 13 

5 

6 

EC1 

EC2 

EC1 

EC1 

NT 

EC1 

Cellular component organisation, regulation of gene expression, 

chromatin organisation 

 

 

 

 

Certain motif related to response to the stimulus was 

also observed by Kusch et al. (2016) in C-terminal of Clade 

V. As C-terminal plays a role in MLO functionality (Elliott 

et al. 2005), the motif might explain the overlapping 

function of Clades IV and V in PM disease. Elliott et al. 

(2005) also showed the importance of IC2 in MLO 

proteins. Domain swap between HvMLO and TaMLO-B1 

in IC2 and IC2 + CT domain impaired MLO functionality, 

demonstrated by reduced penetration success of powdery 

mildew fungus. Presence of Motif 10 in IC2 related to 

cellular transport and DNA damage response might give 

further insight into MLO role in PM disease.   

It is interesting to note that our analysis predicted 

DzMLO17, a member of Clade V, to undergo alternative 

splicing resulting in a truncated protein. The isoform lacks 

motifs 9 and 15 that correspond to CaMBD and response to 

a stimulus, respectively. Apple (Malus domestica) has been 

found to have a natural truncated MdMLO19 allele that 

lacks CaMBD. It was hypothesized that such allele would 

be non-functional and support PM resistance (Pessina et al. 

2017). A comparison can be drawn from alternative 

splicing of plant's resistance (R) proteins that contain C-

terminal leucine-rich repeat (LRR) domain. Majority of 

truncated R protein isoforms lacking LRR domain are 

presumably unstable and/or lose the protein's autoinhibition 

ability (Yang et al. 2014). However, truncated R protein 

might also confer disease resistance by amplifying plant 

defense response. This might be achieved through 

intermolecular interactions between truncated and regular 

R proteins to increase active R protein dimerization. (Yang 

et al. 2014). Homooligomerisation and C-terminal have 

both been shown to contribute to AtMLO7 protein activity 

during pollen tube reception (Jones et al. 2017). Therefore 

interaction between isoforms to stabilize oligomerization 

might play a part in MLO activity. However, Pessina et al. 

(2017) observed that while there were four apple 

individuals homozygous for MdMLO19 truncated allele 

that were very resistant to PM, there was a homozygous 

apple individual that was very susceptible to PM. Therefore 

mechanism of MLO role in PM susceptibility is still poorly 

understood. The identification of alternative splicing events 

in MLO should allow further functional characterization to 

understand their role in a plant's physiological events 

(Sablok et al. 2017).  

Expression pattern analysis 

Mining from transcriptomic short reads showed 

differential expression patterns among DzMLO Clades IV 

and V (Table 4). DzMLO20, a Clade IV member, was not 

detected in any tissue sample. DzMLO12 was detected in 

all tissue samples. DzMLO10 and DzMLO17 were detected 

in leaf, root, stem, and aril 1. DzMLO13 was only detected 

in aril 1, while DzMLO11 was only detected in the root. 

There was no pattern difference between isoforms of 

DzMLO13 and DzMLO17. 

 

 
Table 4. DzMLO gene expression pattern 

 

Clade DzMLO Leaf Root Stem Aril 1 Aril 2 Aril 3 

IV 20 - - - - - - 

V 10 + + + + - - 

 11 - + - - - - 

 12 + + + + + + 

 13 X1 - - - + - - 

 13 X2 - - - + - - 

 17 X1 + + + + - - 

 17 X2 + + + + - - 
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MLO displays unequal redundancy (Consonni et al. 

2006). Presence of DzMLO12 transcript in all tissue 

samples might indicate its role as major PM MLO. Higher 

expression in the absence of PM infection has been 

analyzed in major PM MLO genes such as A. thaliana 

AtMLO2 (Chen et al. 2006), tomato SlMLO1 (Zheng et al. 

2016), cucumber CsaMLO8 (Berg et al. 2017), and rice 

OsMLO3 (Nguyen et al. 2016). Those genes are expressed 

in leaf, root, and flower. AtMLO2, CsaMLO8, and 

OsMLO3 are also shown to be expressed in the stem. This 

differential expression might contribute in unequal 

redundancy of MLO in PM disease as observed in A. 

thaliana (Consonni et al. 2006), tomato (Zheng et al. 

2016), and cucumber (Berg et al. 2017). 

In conclusion, we have analyzed 20 putative DzMLO 

genes encoding 39 putative DzMLO proteins in durian 

genome. Functional studies, especially on C-terminal and 

IC2, need to be conducted to elucidate the role of those 

DzMLOs in PM susceptibility in durian. After 

characterization of DzMLO as a susceptibility factor for the 

PM in durian, genome editing can be conducted to produce 

PM resistant durian. Nekrasov et al. (2017) have 

successfully produced transgene-free PM resistant tomato 

using CRISPR/Cas9 to cause mutation in tomato's primary 

PM MLO, SlMLO1. This transgene-free mutant is 

indistinguishable from natural mutant; therefore resistant 

durian variety will not be categorized nor regulated as 

genetically modified organism (GMO). The PM resistant 

durian can be produced and adapted to meet the fruit 

demands and promote its competitiveness by reducing 

chemical fungicide input.   
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Abstract. Sutomo, Darma IDP, Priyadi A, Iryadi R. 2018. Trees species diversity and indicator species in Bedugul forest ecosystem, 

Bali, Indonesia. Biodiversitas 19: 2213-2218. Bedugul area is an endorheic basin landscape with 3 lakes namely, Beratan, Buyan, 
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identification of comprehensive ecological potential is carried out. Measurement of tree vegetation diversity was carried out by Centered 

Quarter Method and important value ratio analysis and location elevation class. The results of the inventory of tree species diversity in 

the Bedugul Bali forest area recorded 35 species and 13 indicator tree species. From the number of indicator tree species in the Mangu 

hill forest area there are 5 types of Ficus sp, Platea latifolia, Polyosma integrifolia, Lindera sp. and Syzygium sp., Bukit Tapak forest 

area consists of 4 species, Casuarina junghuhniana,  Acronychia trifoliate,  Astronia spectabilis and Homalanthus giganteus, the forest 

area of Bukit Lesung consists of 4 types of Lophopetalum javanicum, Syzygium racemosum, Dysoxylum nutans and Dendrocnide 

peltata.  
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Abbreviations: CT: Confined basin/Cekungan terkungkung; CB: Biosphere reserve/Cagar biosfer; MB: Lower Mangu/Mangu bawah; 

MT: Middle Mangu/Mangu tengah; MA: Upper Mangu/Mangu atas; TB: Lower Tapak/ Tapak bawah; LB: Lower Lesung/Lesung 

bawah; LT: Middle Lesung/Lesung tengah; LB: Lower Lesung/Lesung bawah  

INTRODUCTION 

Bedugul area is a highland area in the middle of Bali 

Island, where there are three lakes  (Beratan, Buyan, 

Tamblingan), Ulun Danu Beratan Temple, and the ex-situ 

conservation area, Bali's "Eka Karya" Botanical Garden. 

The natural landscape of this area is an endorheic basin or a 

confined basin  (CT), which is an area in the form of a 

concave container that has no outflow  (Hehanusa 2005) 

surrounded by Bukit Mangu, Tapak and Lesung. The 

development of this area is required to be in harmony with 

the conservation function. In 2005, a symposium was held 

with the title "Analysis of Carrying Capacity and Capacity 

of Water Resources in the Beratan Lake, Buyan and 

Tamblingan Areas". In the symposium, the appropriate 

management of the area was proposed in the form of 

Biosphere Reserves  (BR). According to Man And 

Biosphere-Indonesia,  (2013), the Biosphere Reserve is a 

site designated by various countries through the 

collaboration of the MAB-UNESCO program to promote 

conservation of biodiversity and sustainable development, 

based on the efforts of local communities and reliable 

science. According to the Republic of Indonesia Law No. 5 

of 1999, a biosphere reserve is an area consisting of native 

ecosystems, unique ecosystems, and / or ecosystems that 

have undergone degradation whose whole natural elements 

are protected and conserved for research and education. 

The concept is a combination of preservation of landscape 

diversity, ecosystems, biological and genetic alignment 

with economic development, and in harmony with local 

cultural wisdom  (Darnaedi et al. 2005). 

On a national scale, Indonesia currently has 11 

biosphere reserves, including the Cibodas Biosphere 

Reserve  (1977), Komodo BR  (1977), Lore Lindu BR  

(1977), Tanjung Putting BR  (1977), Siberut Island BR  

(1981), Gunung Leuser BR  (1981), Giam Siak Kecil-Bukit 

Batu BR  (2009), Wakatobi BR  (2012), Bromo Tengger 

Semeru-Arjuno BR  (2015), Taka Bonerate-Kepulauan 

Selayar BR  (2015), and Belambangan BR  (2016)  (MFA 

2016). In relation to biodiversity in Bedugul, at the 

symposium in KREK in 2005, it was recommended that 

some native plants in the area could be reintroduced to 

restore function as a buffer zone. Some types found 

naturally include Cemara Pandak  (Dacrycarpus 

imbricatus) and Cemara Geseng  (Casuarina 

junghuhniana)  (Sumantera 2004; Iryadi et al. 2017). Some 

species are rare and endemic species found in Bedugul 

forest areas such as Pinanga arinasae  (Witono et al. 2002) 

and Dicksonia blumei  (Darma et al. 2015). 

As one of the research activities in Bali's "Eka Karya" 

Botanical Gardens in 2010, we have made a permanent 

sampling plot of 1 ha  (Sutomo 2015) at Pohen Hill, which 
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serves to study floristic diversity and potential carbon 

stocks. The results of this study revealed that the Bedugul 

CT area is very rich in biodiversity, including some rare 

species of flora that must be protected. Thus the unique and 

rich biodiversity of Bedugul CT area is very likely to 

become the next biosphere reserve. The management of 

this area has not been optimally conducted; comprehensive 

vegetation ecology has not been explored. Therefore, it is 

necessary to identify comprehensive ecological potential, 

including the diversity and dynamics of vegetation in the 

Bedugul highland forest ecosystem. 

MATERIALS AND METHODS  

Study area  

Biophysical assessment activities were carried out in 

the basin area of Bedugul, Bali, Indonesia  (Figure 1). 

Geographically, the research area was located at 

coordinates 115° 05'00 ''-E 115° 11'30 "BT and 08° 14'30 

''-S 08° 17'30''LS and altitude between 1,200-2,020 m asl. 

Based on information from KSDA Bali  (2014), the 

location of the study of biophysical aspects was included in 

the area of Batukahu I Nature Reserve  (Bukit Tapak) and 

Cagar Alam Batukahu III  (Bukit Lesung). The ecosystem 

type is highland tropical rain forest, with the characteristics  

of high rainfall; the areas are always wet and have high 

floral biodiversity. According to the Schimdt and 

Fergusson climate classification, the type of climate is A 

with a mean annual rainfall of 2,000-2,800 mm per year, 

averaging 156 rainy days per year, 4-10 wet months and 0-

5 dry months. The air temperature ranges from 11.5-24°C. 

Procedures 

Observation of the diversity of tree vegetation in the 

Bukit Mangu, Tapak and Lesung forest areas was 

conducted in April 2014 and was done by Centered Quarter 

Method  (Cox 1967). Observation plots were made based 

on the altitude/strata of every 100 m above sea level  

(Figure 1). Parameters observed included number of 

species, individuals, observation distance of tree species to 

observation points and tree trunk diameter measurements. 

Data analysis 

The approach to determining indicator species was by 

using important value index  (IVI) approach of tree  

(Mitchell 2015) and also based on the distribution of the 

elevation location class. The acquisition of this important 

value was done by summing of three factors namely: 

relative density, relative cover and relative frequency from 

the results of field measurements.We then calculated the 

importance value ratio as well. 
 

 

 

 

 

 
 

 

Figure 1. Location of observation points point-centered quarter method on the Hill of Mangu, Tapak and Lesung, Bali, Indonesia  (BIG 

2000) 



SUTOMO et al. – Indicator species in Bedugul Forest, Bali, Indonesia 

 

2215 

 

 

Npx= Krx+Trx+Frx 

 

 

 

 

Formula following Kent  (2011). 

 

Where : 

RNpx : Importance value ratio of species x 

Npx : Importance value of species x  

Krx : Relative density of species x  

Trx : Relative coverage of species x 

Frx : Relative frequency of species x  

 

 

Cluster division used geometry interval classification 

using three classes based on the observation point elevation 

data points  (Crisana 2014). There are three zones namely 

the bottom zone  (B): 1,116-1420 m above sea level, 

middle zone  (T): 1421-1,697 m above sea level, upper 

zone  (A): 1,698-2,002 m above sea level. indicspecies 

package  (De Caceres and Legendre 2009) in the R 

program  (R Core Team 2013) was used in this analysis. 

This computer program was created by The R Foundation 

for statistical computing based in Vienna, Austria. This 

program is used to work on various types of statistical 

analysis, one of which is the determination of indicator 

species.   

RESULTS AND DISCUSSION 

Tree species diversity 

The diversity of tree species in the Bukit Mangu  

(Mangu Hill) consists of 27 species. The highest important 

value ratio of trees in this region was Ficus sp, and overall 

there were five species with the highest important value 

ratios scattered in the Mangu Hill Forest besides Ficus sp. 

There were also Platea latifolia, Polyosma integrifolia, 

Lindera sp. and Syzygium sp.  (Table 1). The presence of 

Platea latifolia in this area was prominent with quite a lot 

of observational data but in the case of relative cover the 

species is far less compared to Ficus sp. because of the 

relative cover of the Ficus sp. tree.  The average size of the 

Ficus sp. tree is greater than the others. Tree species 

diversity in Bukit Tapak recorded 23 species. Based on the 

value ratio, the highest five species positions were occupied 

by Dacrycarpus imbricatus  (8.88), followed by Casuarina 

junghuhniana, Acronychia trifoliata, Astronia spectabilis 

and Homalanthus giganteus respectively  (Table 2). 

Bukit Lesung tree species diversity recorded 14 species. 

Based on the ratio of the importance of the trees, the 

highest five species’ positions were occupied by 

Lophopetalum javanicum  (14.76), followed by Syzygium 

racemosum, Dacrycarpus imbricatus, Dysoxylum nutans 

and Dendrocnide peltata  (Table 3). When compared to 

other regions, the ratio of the importance of species in this 

region is high. Meanwhile, the composition of its diversity 

is almost similar to the conditions in the Bukit Tapak area. 

 

 
 

Table 1. Tree species diversity in Mangu Hill Forest, Bedugul, Bali, Indonesia 

 

Species Family Kr   (%) Tr  (%) Fr  (%) Np  (%) RNp 

Acronychia trifoliata Rutaceae 3.85 1.17 4.65 9.67 3.22 

Adinandra javanica   Teaceae 1.92 3.51 2.33 7.76 2.59 

Astronia spectabilis Melastomaceae 3.85 2.02 2.33 8.2 2.73 

Bischofia javanica Euphorbiaceae 1.92 2.34 2.33 6.59 2.2 

Cyathea latebrosa Cyatheaceae 5.77 1.55 6.98 14.30 4.77 

Dendrocnide stimulans Urticaceae 1.92 1.59 2.33 5.84 1.95 

Engelhardia spicata Juglandaceae 1.92 2 2.33 6.25 2.08 

Engelhardtia spicata Juglandaceae 1.92 1.59 2.33 5.84 1.95 

Erythrina hypaphorus   Fabaceae 1.92 2.7 2.33 6.95 2.32 

Ficus benjamina Moraceae 1.92 11.06 2.33 15.31 5.1 

Ficus fistulosa Moraceae 1.92 1.59 2.33 5.84 1.95 

Ficus padana Moraceae 3.85 3.42 4.65 11.92 3.97 

Ficus sp. Moraceae 1.92 32.86 2.33 37.11 12.37 

Glochidion sp. 1 Euphorbiaceae 3.85 1.11 2.33 7.29 2.43 

Homalanthus giganteus Euphorbiaceae 3.85 2.45 4.65 10.95 3.65 

Hypobatrum sp. Rubiaceae 1.92 0.99 2.33 5.24 1.75 

Ilex sp. Aquifoliaceae 1.92 1.79 2.33 6.04 2.01 

Lindera sp. Lauraceae 5.77 4.14 6.98 16.89 5.63 

Macaranga tanarius Euphorbiaceae 1.92 0.81 2.33 5.06 1.69 

Pinanga arinasae Arecaceae 3.85 0.84 4.65 9.34 3.11 

Platea latifolia Icaccinaceae 13.46 6.81 9.3 29.57 9.85 

Platea sp. Icaccinaceae 1.92 0.17 2.33 4.42 1.47 

Polyosma integrifolia Saxipragaceae 7.69 2.78 6.98 17.45 5.82 

Polyosma sp. Saxipragaceae 1.92 1.23 2.33 5.48 1.83 

Syzygium sp. Myrtaceae 7.69 3.62 4.65 15.96 5.32 

Tabernaemontana macrocarpa   Apocinaceae 1.92 1.06 2.33 5.31 1.77 

Weinmannia sp. Cunnaniaceae 3.85 2.83 2.33 9.01 3.00 

Note: Kr: Relative density, Tr: Relative coverage, Fr: Relative frequency, Np: Importance value, RNp: Importance value ratio 
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Table 2. Tree species diversity in Tapak Hill Forest, Bedugul, Bali, Indonesia  

 

Species name Family Kr    (%) Tr  (%) Fr  (%) Np  (%) RNp 

Acronychia trifoliata Rutaceae 10.42 5.09 7.5 23.01 7.67 

Adinandra javanica   Theaceae 4.17 2.74 5 11.91 3.97 

Albizia sp. Legumioceae 4.17 4.34 2.5 11.01 3.67 

Astronia spectabilis Melastomaceae 8.33 4.96 7.5 20.79 6.93 

Camelia sp. Theaceae 2.08 1.1 2.5 5.68 1.89 

Casuarina junghuhniana Casuarinaceae 2.08 19.33 2.5 23.91 7.97 

Cyathea latebrosa Cyatheaceae. 2.08 2.12 2.5 6.7 2.23 

Dacrycarpus imbricatus Podocarpaceae 6.25 12.88 7.5 26.63 8.88 

Dendrocnide stimulans Urticaceae 2.08 0.13 2.5 4.71 1.57 

Ehretia javanica Boraginaceae 6.25 2.82 7.5 16.57 5.52 

Elaeocarpus sphaericus Elaeocarpaceae 2.08 4.39 2.5 8.97 2.99 

Engelhardtia spicata Juglandaceae 2.08 0.91 2.5 5.49 1.83 

Erythrina hypaphorus Leguminosae  4.17 1.38 2.5 8.05 2.68 

Ficus sp. Moracaceae 2.08 7.9 2.5 12.48 4.16 

Glochidion sp. Euphorbeacea 2.08 0.39 2.5 4.97 1.66 

Homalanthus giganteus Euphorbeaceae 8.33 2.04 10 20.37 6.79 

Macaranga sp. Euphorbeacea 4.17 3.57 2.5 10.24 3.41 

Polyosma integrifolia Escalloniaceae 6.25 1.51 7.5 15.26 5.09 

Saurauia sp. Actinidiaceae 4.17 3.8 5 12.97 4.32 

Syzygium sp. Myrtaceae 6.25 6.86 2.5 15.61 5.2 

Syzygium sp. Myrtaceae 4.17 0.36 5 9.53 3.18 

Syzygium sp. Myrtaceae 2.08 0.36 2.5 4.94 1.65 

Trema orientalis Cannabaceae 4.17 11.01 5 20.18 6.73 

 

 

 
Table 3. Tree species diversity in Lesung Hill Forest, Bedugul, Bali, Indonesia 

 

Species name Family Kr  (%) Tr  (%) Fr  (%) Np  (%) RNp 

Acronychia trifoliata Rutaceae 6.25 3.75 8.33 18.33 6.11 

Casuarina junghuhniana Casuarinaceae 2.08 11.59 2.78 16.45 5.48 

Dacrycarpus imbricatus Podoarpaceae 8.33 19.94 8.33 36.60 12.2 

Dendrocnide peltata Urticaceae 8.33 14.26 5.56 28.15 9.38 

Dysoxylum nutans Meliaceae 10.42 7.73 11.11 29.26 9.75 

Engelhardtia spicata Juglandaceae 4.17 13.64 5.56 23.37 7.79 

Ficus benjamina Moracaceae 2.08 5.31 2.78 10.17 3.39 

Ficus sp. Moracaceae 2.08 0.22 2.78 5.08 1.69 

Homalanthus giganteus Euphorbeaceae 10.42 2.17 5.56 18.15 6.05 

Lindera sp. Lauraceae 2.08 0.1 2.78 4.96 1.65 

Lophopetalum javanicum Celastraceae 14.58 15.82 13.89 44.29 14.76 

Myrsine sp. Primulaceae 6.25 0.93 8.33 15.51 5.17 

Polyosma integrifolia Escalloniaceae 2.08 1.58 2.78 6.44 2.15 

Syzygium racemosum Myrtaceae 20.83 2.94 19.44 43.21 14.4 

 

 

 

 

 

In this study, tree species diversity was lowest in 

Lesung Forest compared to Mangu and Tapak. These 

results might have been caused by differences in the habitat 

condition of the forest itself. Lesung Forest which is 

located on Lesung Hill, is more populated but gaps have 

been created inside the forest. Land use change as a result 

of anthropogenic disturbance has caused the low diversity 

of tree species.  

Indicator species  

Indicator species are species that require certain growth 

requirements or those with narrow ecological amplitude 

ranges and can only live in certain environments  

(Widyatmoko and Irawati 2007). The results of the 

observation of indicator tree species diversity in the 

Bedugul Bali forest area highlighted 13 species. Spread in 

the Bukit Mangu forest area, there were 5 species namely 

Ficus sp, Platea latifolia, Polyosma integrifolia, Lindera 

sp. and Syzygium sp., There were 4 species on Bukit Tapak, 

namely Casuarina junghuhniana, Acronychia trifoliate, 

Astronia spectabilis and Homalanthus giganteus. There 

were also 4 species in the forest of Bukit Lesung, namely 

Lophopetalum javanicum, Syzygium racemosum, 

Dysoxylum nutans and Dendrocnide peltata Table 4. 
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Table 4. Trees species indicator in Bedugul Forest Ecosystem. Asterisk refers to indicator species 

 

Elevation class Mangu Hill Forest Tapak Hill Forest Lesung Hill Forest 

1.116-1.420 m asl 

 (Lower ) 

Polyosma integrifolia*  Lophopetalum javanicum* 

Syzygium sp.*  Syzygium racemosum* 

 Ficus sp*  Dysoxylum nutans* 

   Dendrocnide peltata* 

    

1.421-1.697 m asl 

 (Middle) 

Platea latifolia* Dacrycarpus imbricatus Lophopetalum javanicum* 

Syzygium sp.* Acronychia trifoliate* Syzygium racemosum* 

  Homalanthus giganteus* Dacrycarpus imbricatus 

  Astronia spectabilis* Dysoxylum nutans* 

   Dendrocnide peltata* 

    

1.698-2.002 m asl 

 (Upper) 

Platea latifolia* Acronychia trifoliate* Lophopetalum javanicum* 

Polyosma integrifolia* Dacrycarpus imbricatus Syzygium racemosum* 

 Lindera sp.* Astronia spectabilis* Dacrycarpus imbricatus 

  Homalanthus giganteus*  

  Casuarina junghuhniana*  

 

 

 

 

Based on the zoning of indicator tree species in each 

location, the Bukit Mangu Bawah forest area  (MB) 

contained Polyosma integrifolia, Syzygium sp. and Ficus 

sp., Mangu Tengah  (MT) showed the presence of Platea 

latifolia and Syzygium sp. Mangu Atas  (MA) contained 

Platea latifolia, Polyosma integrifolia and Lindera sp. 

Bukit Tapak Bawah forest area  (TB) has no indicator 

species. In Middle Tapak  (TT), there were Acronychia 

trifoliate, Homalanthus giganteus and Astronia spectabilis. 

There were Acronychia trifoliate, Astronia spectabilis, 

Homalanthus giganteus and Casuarina junghuhniana, in 

the Tapak Atas  (TA). Whereas, the Bukit Lesung Bawah  

(LB) forest area contains Lophopetalum javanicum, 

Syzygium racemosum, Dysoxylum nutans and Dendrocnide 

peltata, Bukit Lesung Tengah  (LT) contained 

Lophopetalum javanicum, Syzygium racemosum, 

Dysoxylum nutans and Dendrocnide peltata. Bukit Lesung 

Atas  (LA) contains Lophopetalum javanicum and 

Syzygium racemosum. 

Indicator species has been used in many ecological 

research, however mostly these are in a form of animal 

species or microorganism, moreover these indicators 

usually refers to a species in degraded or disturbed habitat  

(Bachand et al. 2014; Broyer 2009; Newton and Horner 

2003). Plant species can also be used as indicators. 

Johnston et al.  (2007) studied the relationship of plant 

species which were identified as indicators in the U.S Great 

Lakes coastal wetlands with their environmental preference 

in the habitat. According to Carrignan and Villard  (2002), 

indicator species can be used for assessing ecosystem 

integrity. However, Carrignan and Villard  (2002) conclude 

that it can be useful if: “ (i) many species representing 

various taxa and life histories are included in the 

monitoring program,  (ii) their selection is primarily based 

on a sound quantitative database from the focal region, 

and  (iii) caution is applied when interpreting their 

population trends to distinguish actual signals from 

variations that may be unrelated to the deterioration of 

ecological integrity.” 

One of the few studies concerning the use of tree 

species as indicators of mountain forest ecosystem was of 

Mirmanto  (2014). However, in his study the elevation 

range was mainly categorized only as lower and upper. 

Moreover, in our study, we applied higher elevations than 

of Mirmanto. Mirmanto found that the lower elevation 

zone  (700-1000 m asl) comprised of species such as 

Pternandra coerulescens, Villebrunea rubescens Pometia 

pinnata, Glochidion rubrum and Horsfieldia glabra. This 

result is different from our findings in Bedugul Forests. 

This is due to, perhaps, difference in the altitudinal and 

other environmental factor (s). In the upper slope, Astronia 

spectabilis, Castanopsis javanica, Engelhardia spicata, 

Podocarpus imbricatus, P. neriifolius, Schima walichii and 

Polyosma ilicifolia were present. These results are almost 

similar with ours. Species such as Astronia spectabilis, 

Podocarpus imbricatus  (Dacrycarpus imbricatus), 

Astronia spectabilis, Engelhardia spicata and also from 

genus Polyosma were also present in the upper elevation 

zone in Bedugul forests ecosystem. These species were 

known as species that typify the vegetation in the mountain 

zone  (Mirmanto 2014). Therefore, in general we can draw 

a conclusion that the forest ecosystem in Bedugul is rather 

intact or less disturbed. However, in several parts of 

Bedugul such as on Pohen Hill, the forest was undergoing 

secondary succession due to huge forest fire in 1994  

(Sutomo 2009). Additionally, the Phen Hill’s forest also 

affected by the geothermal power plant station which 

caused edge effect to the forest and facilitate the 

establishment of pioneer  (Homalanthus gigantheus, 

Macaranga sp.) and or invasive species  (Lantana camara, 

Chromolaena odorata, Imperata cylindrica)  (Fardila and 

Sutomo 2011). 
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Abstract. Sirami EV, Marsono D, Sadono R, Imron MA. 2018. Ideal planting space for merbau (Intsia bijuga) forest plantations in 

Papua based on distance-dependent competition. Biodiversitas 19: 2219-2231. Distance-based competition between merbau (Intsia 

bijuga (Colebr.) Kuntze) and neighboring trees could be applied to determine the planting space between merbau trees and shade trees 

in plantations. This research was conducted to identify the characteristics of merbau competition with neighboring trees and determine 

the ideal spacing of merbau trees. The sampling design using was the systematic line technique with hypothetical plot and sample tree as 

the quadrant center. The competitors were determined using a virtual high approach and header contact. Distance-based competitions 

were identified using the Hegyi index. Sixteen species had the highest competition index because of their dominance in the tree 

structure, namely Pometia coriacea, Intsia bijuga, Pimelodendron amboinicum, Horsfieldia laevigata, Palaquium amboinense, Pometia 

pinnata, Garcinia sp., Spathiostemon javensis, Prunus costata, Sterculia macrophylla, Terminalia complanata, Lepiniopsis ternatensis, 

Horsfieldia irya, Dysoxylum octandrum, Buchanania arborescens, and Ficus similis. Merbau responded to the high intensity of 

competition by tilting its canopy in the opposite direction to the position of the competitors’ canopy, making an irregular canopy shape, 

and growing the first branch at the lowest point on the stem. The ideal planting space for merbau trees in the plantations was 3-7 m. 

Keywords: Distance-dependent competition, Gunung Meja, merbau plantations, planting space, West Papua 

INTRODUCTION 

Currently, merbau (Intsia bijuga (Colebr.) Kuntze) 

population faces serious threats due to timber production 

(Newman and Lawson 2005; Marler 2015) and its natural 

habitat destruction in the lowland rainforest of New Guinea 

(Vincent et al. 2015; Margono et al. 2014). A plantation 

forest with native tree species is an alternative to prevent 

these threats (Barua et al. 2014; Jacovelli 2014; Bremer and 

Farley 2010). However, the cultivation of native trees 

requires the availability of relevant ecological information, 

one of which is the characteristic of merbau competition 

with surrounding trees. 

In the Papua forest, merbau trees naturally grow in 

hight dense vegetation conditions due to the density of 

plants. The density of plants in tropical forests makes 

distances between trees get closer. It affects the survival of 

the trees (Zhu et al. 2015; Fraver et al. 2014), because the 

close distance between trees increases the effect of 

competition (Maleki et al. 2015; Contreras et al. 2011; 

Tome and Burkhart 1989). Competition affects the 

diameter growth, height, width, and shape of tree canopy  

(Kunstler et al. 2011; Potvin and Dutilleul 2009; Thorpe et 

al. 2010). Therefore, competition is an essential factor 

driving forest dynamics (Sanchez-Salguero et al. 2015; 

Coomes and Allen 2007; Kunstler et al. 2011). 

Several facts regarding competition between trees 

which become important references in silviculture of 

plantation forests, such as determining planting space, have 

been explained in previous studies. Competition is one of 

the plant structuring processes that led to the formation of a 

variety of stand structures (Craine and Dybzinski 2013; 

Amiri and Naghdi 2016). Differences of the nature of 

individuals or species of the tree have a strong influence on 

the competition (Bennett et al. 2016). If competition is 

based on niche differentiation, then same-species 

competition is stronger than different species competition 

(MacArthur and Levins 1967). However, in natural forests, 

same-species competition can occur altogether with 

different species competition. Therefore, each tree species 

will provide different intensity and effect of competition 

depending on the ability to compete with others. The ability 

of competition is a function of growth space, activity, and 

distribution of space and time of each plant to get resources 

depending on the combination of plant characteristics 

(Grime 1979). Furthermore, the intensity of competition 

depends on the spatial relationship between plants and their 

neighbors, the impact of the availability of resources on the 

two competing trees, and the ability of the plant to 

compensate for the effects of competition through 

architectural and physiological plasticity (Grace 1995).  

Spatial relationship between trees is one of the most 

important factors in competition. Therefore, a distance-

based competition study is very important to be carried out 

as a reference to formulate the ideal spacing of merbau tree 

for its cultivation in plantations. Distance-based 

competition, when associated with morphological character 

of the stand, produces certain distance with the certain 

intensity of competition. The higher size of the trees and 

the closer the space between trees, the more intense the 
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competition (Tome and Burkhart 1989). Furthermore, the 

distance with the highest intensity of competition can be 

used as a reference in the formulation of planting space 

between merbau trees and shade trees, because merbau its 

regeneration is semi-tolerant. 

Planting space is a fundamental silvicultural factor in 

plantations; because it affects the level of harvest, wood 

rigidity and strength, and tree regeneration (Skovsgaard 

and Vanclay 2008; Clark III et al. 2008; Sansevero et al. 

2011). According to Turner (2004), semi-tolerant species 

need medium shade to grow appropriately. Therefore, 

concerning the growth of merbau, the ideal spacing needs 

to be determined because it is closely related to the shadow 

of neighboring trees which can inhibit optimum light or 

cause light intensity to be too high for merbau in the dry 

season.Prior to this study, there has been no research on 

competition between merbau and neighboring tree species 

in Papua lowland rainforest and also the ideal spacing for 

merbau trees domesticated in plantations. This study aimed 

to identify the characteristics of the distance-dependent 

competition of merbau with neighboring trees and 

formulate the ideal spacing for merbau trees in plantations. 

MATERIALS AND METHODS 

Study area 

This research was conducted at Gunung Meja Nature 

Tourism Park of Manokwari (GMNTPM), West Papua, at 

134° 03'17"-134 ° 04'05" W and  0°51'29-0°52'59" S 

(Fig.1), in 2016 for 9 months. GMNTPM is one of the 

protected areas and plays a very important role for forest 

ecology. Apart from being a natural habitat for merbau, 

GMNTPM is a rough forest prototype for the Papua 

region. Merbau habitat at GMNTPM has an area of ± 264 

ha of rough soil surface (Sadono et al. 2014), from 460.25 

ha in the entire area. The temperature under the forest 

canopy in the dry season is around 29-31 ° C, rainfall for 

the last 13 years ranges from 1429 to 3419 mm, while the 

sunshine ranges from 444 to 745 h (Statistics Agency of 

Manokwari Regency 2016). The soil texture is sandy clay 

soil with a soil surface depth of less than 50 cm. Forest 

canopy ranges from 40 to 98%, with slopes of 2-40%, an 

altitude of 70-170 m above sea level (Sadono et al. 2014). 

Research procedure 

The initial survey was conducted using merbau 

distribution maps at GMNTPM. Data collection was 

performed using systematic line technique with 

hypothetical plot and sample trees as the quadrant 

center. This technique is the modification of several 

existing vegetation analysis techniques for the need of 

distance-based competition research in Papua lowland 

forests that have high tree density. 

Observation lines were made only as a tracking guide. 

It was systematic and the distance between lines was 20 

m. When a merbau tree with a diameter of 10-19 cm was 

found, a quadrant observation plot was made by placing 

one sample tree as the center of the quadrant. Competitors 

were determined using the virtual canopy and high 

intersection approaches (Burkhart and Tome 2012). Trees 

that were designated as competitors were the closest 

neighboring trees in each quadrant which canopies were 

directly contacted the merbau canopy and higher than the 

merbau tree; or the closest trees which canopies were in the 

virtual height area of the merbau tree, even though the 

canopies did not intersect with the merbau tree’s canopy, 

because it will be the last tree that blocks the light (Fig. 2). 

The parameters of subject trees and competitors 

included species name, projection length of canopy 

diameter twice with the opposite direction, DBH, total 

height, clear bole height, canopy shape, and canopy 

direction. 

Data analysis 

The intensity of the competition was determined using 

the Hegyi's Competition Index (Contreras et al. 2011; Tome 

and Burkhart 1989). This index based on the hypothesis 

that the competitive effects of neighboring trees increase by 

the increasing size and closeness (Tome and Burkhart 

1989). 

 

 
 
The canopy area was determined using the canopy 

closure approach (Mueller-Dombois and Ellenberg 1974). 

Canopy cover (m2)  

IK m,i = intensity of competition between subject tree 

and competitors 

DBHm = Diameter at breast height of the subject tree 

(cm) 

DBHi = Diameter at breast height of competitors (cm) 

Disim = Distance between the subject tree and its 

competitors (m) 

n  = Number of competitors 

Dt1 = Canopy diameter from the first measurement  

Dt2 = Canopy diameter from the second measurement 
 

 

 
 

Figure 2. Determination of the competitor trees. Vh: virtual 

height, ah: actual height, Mt: merbau tree, Nt (a): neighbor tree a, 

Nt (b): neighbor tree b. (neighboring tree b is chosen as a 

competitor tree) 

about:blank
about:blank
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Figure 1. Reseach site in Gunung Meja Nature Tourism Park of Manokwari (GMNTPM), West Papua Province, Indonesia 

 

 

  

RESULTS AND DISCUSSION 

Structure, the composition of neighboring tree species 

and the intensity level of competition 

Based on observation in 218 sampling units, 849 stands 

of merbau competitors were identified, consisting of 80 

species, 58 genera, and 34 families. All competitors are 

native New Guinea species that had adapted to the rough 

land in GMNTPM.There are 2-3 competitors with 2-3 

species within a range of 7 to 35 m per sampling 

unit. Competitors with diameter > 20 cm occupy strata A 

and B with canopy area between 2-4 m2 per tree, while 

trees with a diameter of < 20 cm occupy strata C. Merbau 

stands which become target trees have a diameter of 11-17 

cm in general. The total height ranges from 9 to15 m and 

the canopy width varies between 1 and 3 m2 per tree. In 

addition, the number of merbau populations as the target 

tree and competitor trees is 328 stands.  
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From 80 species of competitors, only 16 species have 

higher total Hegyis index scores, compared to the other 64 

species (Table 1). The species with high intensity of 

competition are dominant trees. There were two large 

groups of trees dominated the forest structure when they 

reached the adult phase in GNMTPM. Species such 

as Spathiostemon javensis, Mallotus spp., Lepiniopsis 

ternatensis, Prunus costata, reached the adult phase in the 

< 20 cm diameter class, therefore it was very dominant. 

Species such as Pometia spp., Intsia spp., Pimelodendron 

amboinicum, Palaquium amboinense, several species 

of Myristicaceae, Burseraceae, and Meliaceae were very 

dominant in the class of ≥ 20 cm of diameter. However, in 

the class of ≥ 50 cm, generally, there were only a few 

species such as Pometia coriacea,  Palaquium 

amboinense, Intsia spp., sometimes also several stands 

of Geijera sp. and Dysoxylum spp. The long-standing tree 

adaptation in GNMTPM might cause this dominance.  

The tree domination shows the ability to adapt to the 

rocky soil at GMNTPM and a better biological fitness 

level. The biological fitness level is indicated by a 

relatively good reproductive capacity such as the relatively 

large number of fruits and seeds, the anatomical structure 

and morphology of the seeds which strongly supports the 

mechanical, physical and biological germination and 

dispersion process. Competition is a form of coexistence 

among trees that starts from spatial distribution (Callaway 

1995). Our findings show the dispersion process of 

dominant trees influences the level of presence around the 

merbau stand. Therefore, we assume that the spatial 

distribution and adaptability are very decisive with what 

species of merbau grows very close and competes with 

each other. The effect of distance will increase the intensity 

of competition if dominant tree species have faster growth 

rates than merbau. As well as, Pometia coriacea, 

Pimelodendron amboinicum, Prunus costata, Horsfieldia 

laevigata, Palaquium amboinense, Pometia pinnata, 

Spathiostemon javensis, Ficus similis, Lepiniopsis 

ternatensis, Horsfieldia irya, Dysoxylum octandrum, and 

Buchanania arborescens. The process of dispersing of 

these species is assisted by frugivorous animals of the bird 

and mammals group at GMNTPM, and also have faster 

growth rates than merbau. 

The most competitive trees species (MCTS) 

We termed the species with the highest intensity of 

competition as the most competitive trees species (MCTS). 

MCTS group with DBH < 30 cm has canopy area of 1.753-

2.59 m2 in average, mean of Hegyi index of 0.20-0.60 and 

distance of 3.65-5.69 m. DBH group ≥ 30 cm has canopy 

area of 2.78-4.75 m 2 in average, the distance of 5.30-6.60 

m and Hegyi index of 0.07-0.13. The canopy area is 

directly proportional to DBH and distance, but it is 

inversely proportional to Hegyi index (Table 2). It means 

that the intensity of competition strongly influences the 

canopy area; the higher the intensity of competition is 

inhibited the canopy growth. Therefore, the canopy is used 

as the main reference in formulating the ideal spacing 

because it is closely related to light competition and 

growing space (Tremmel and Bazzaz 1993; Collins and 

Wein 2000; Pretzsch 2014).  

The competition also shows different outcomes when 

analyzed based on different species (Bennett et al. 2016), 

and growth rates. The merbau trees used as target trees 

were pre-mature trees (DBH 10-19 cm). The goal was to 

obtain information on the effects of competition to predict 

how merbau reach a mature stage if cultivated in 

plantations. Therefore, we choose the most competitive tree 

species as a source of competitor data to form the ideal 

spacing. 

Not only has the highest competition intensity, MCTS 

is also the most dominant species among competitors based 

on stand structure and dendrometric characteristics. The 

MCTS has a relatively closer average distance to merbau. 

The diameter sizes of the merbau and the competitor tree at 

each sample point are relatively large. It has a relatively 

wide canopy cover, a higher frequency of presence around 

merbau, higher total height average and the higher number 

of individuals than the other species. Therefore, MCTS 

requires greater growth space, thus competition with 

merbau stands is more intense in certain growth phases. 

Table 3 shows the significant negative relationship of 

Hegyi index, total height and canopy area of MCTS (p < 

0.01). If there is a competition with high intensity, there is 

a tendency to inhibit the growth rate of the height and 

canopy area of both merbau and competitors. 

Vertical growth barriers and tree canopy area are 

mechanical indicators that space is limited (Table 3). Large 

trees need more space to grow and they are superior to 

small plants in competition for light (Aarssen et al. 2014; 

Grace 1990; Goldberg 1996). MCTS indeed inhibits the 

absorption of light of merbau and the smaller surrounding 

trees and controls larger growing space. The number of 

MCTS stands is 77% of the total individual competitors of 

merbau, this is an indication of biological fitness that is 

beneficial to support its survival, including the ability to 

compete.  

 

The position of competitor trees 

The position of the tree was not the main factor of 

competition related to the light orientation, but it was 

closely related to the space needed for each stand to 

increase volume of the tree (Table 4). Competitors grew 

more in southeast direction, while the highest number of 

species was in the north position. Distance, DBH, canopy 

area, and total height generally indicated the same number 

for each position.  

Competition for nutrition among trees strongly 

influences the rate of growth. The use of volume crown as 

a metrical measurement indicates that most strongly, the 

competition is triggered by the tree layout that intensifies 

the competition (Fraver et al. 2014). The tree planting 

layout and the intensity of competition affect the growth 

rate of the plants. Therefore, competition is seen as a 

fundamental ecological process that plays a major role in 

population dynamicity, plant survival, growth, and species 

replacement or succession is a fundamental ecological 

process that plays a major role in population dynamics, 

survival, growth and species replacement or succession 

(Peet and Christensen 1987; Maleki et al. 2015).   
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Table 1. Structure, species composition, and Hegyi index of competitor trees  

 

Species Family 
Hegyi 

index 

Intensity of 

competition 

Distance 

(m) 

mean±SD 

DBH (cm) 

mean±SD 

Height (m) 

mean±SD 

Canopy 

cover 

(m2) 

Basal 

area 

(m2) 

Σ 

indiv. 
Freq. 

Aceratium opositifolium DC. Elaeocarpaceae 0.07 Low 6 26 10 3.25 0.053 1 0.005 

Aglaia odorata Lour. Meliaceae 0.25 Low 14±1.74 46.80±7.20 15.62±11.38 3.75 0.145 2 0.009 

Aglaia spectabilis (Miq.) S.S. Jain & S.Bennet Meliaceae 0.20 Low 4 23 18 1.75 0.042 1 0.005 

Alstonia macrophylla W. ex G.Don Apocynaceae 1.09 Low 7±1.98 44.12±19.21 19.60±11.73 15.25 0.533 6 0.028 

Alstonia scholaris (L.) R.Br. Apocynaceae 0.14 Low 4 20 10 1.25 0.031 1 0.005 

Antiaris toxicaria Lesch. Moraceae 0.91 Low 8±1.73 34.92±25.74 17.02±13.98 13.50 0.442 6 0.028 

Archidendron parviflorum Pulle Leguminosae 0.07 Low 5 30 18 3.00 0.071 1 0.005 

Buchanania arborescens (Blume) Blume Anacardiaceae 2.70 Medium 15±1.87 43.79±21.64 18.01±13.71 62.75 1.957 21 0.092 

Callophyllum inophyllum L. Clusiaceae 0.81 Low 6±3.09 46.47±24.53 23.46±13.79 24.50 0.858 8 0.032 

Canarium indicum L. Burseraceae 0.84 Low 7±0.58 53.09±18.91 28.48±14.02 12.50 0.476 4 0.018 

Carallia brachiata (Lour.) Merr. Rhizophoraceae 0.20 Low 3 27 19 2.00 0.057 1 0.005 

Celtis latifolia (Blume) Planch. Ulmaceae 0.94 Low 9±2.38 42.59±26.41 25.54±16.46 25.25 0.783 8 0.037 

Cerbera floribunda K.Schum. Apocynaceae 0.83 Low 1 12 10 1.18 0.011 1 0.005 

Chionanthus ramiflorus Roxb. Oleaceae 0.88 Low 7±1.82 26.81±15.99 14.69±9.71 8.00 0.189 5 0.009 

Cinnamomum sintoc Blume Lauraceae 0.15 Low 6 20 13 2.25 0.031 1 0.005 

Citronella sp. Cardiopteridaceae 0.31 Low 6±1.98 37.73±12.27 14.41±11.59 4.75 0.111 2 0.009 

Cleistanthus myrianthus (Hassk.) Kurz Phyllanthaceae 0.45 Low 7±2.98 13.62±9.38 13.04±5.96 2.00 0.021 2 0.009 

Cryptocarya massoy (Oken) Kosterm. Lauraceae 0.17 Low 6±3.59 27.41±24.59 15.62±11.38 4.50 0.106 2 0.009 

Cryptocarya sp. Lauraceae 0.29 Low 4±4.00 36.04±28.96 21.66±10.34 6.00 0.167 2 0.023 

Crysophyllum sp. Sapotaceae 0.12 Low 14±4.55 30.62±26.38 21.24±12.76 4.50 0.128 2 0.009 

Dehaasia sp. Lauraceae 0.22 Low 9±3.82 56.30±25.04 17.82±15.51 7.25 0.428 3 0.014 

Diospyros papuana Valeton ex Bakh. Ebenaceae 0.13 Low 7±4.59 36.24±27.76 16.21±14.79 5.00 0.162 2 0.005 

Drypetes acuminata P.I.Forst. Putranjivaceae 0.09 Low 7 28 17 3.25 0.062 1 0.009 

Dysoxylum mollissimum Blume Meliaceae 0.30 Low 5±3.76 35.75±19.58 19.18±12.15 6.50 0.191 3 0.014 

Dysoxylum mollissimum subsp. molle (Miq.) Mabb. Meliaceae 0.25 Low 4±2.44 68.39±44.95 24.84±15.82 16.75 0.778 3 0.014 

Dysoxylum octandrum (Blanco) Merr. Meliaceae 2.72 Medium 8±1.59 49.62±19.38 23.36±16.27 68.75 1.764 16 0.073 

Elaeocarpus angustifolius Blume Elaeocarpaceae 1.16 Low 7±2.90 39.19±14.06 19.60±13.65 22.75 0.532 8 0.037 

Elaeocarpus serratus L. Elaeocarpaceae 0.13 Low 7±5.76 59.20±48.80 34.39±13.61 11.50 0.691 3 0.014 

Endiandra sp. Lauraceae 0.08 Low 6 28 14 1.00 0.062 1 0.005 

Ficus benjamina L. Moraceae 0.36 Low 9±4.10 119.18±53.68 19.15±16.85 34.25 4.610 7 0.032 

Ficus similis Merr. Moraceae 2.62 Medium 8±3.83 27.21±17.68 21.21±8.32 38.00 0.742 18 0.069 

Ficus sp. Moraceae 0.71 Low 11±2.64 88.06±28.44 20.17±9.33 37.75 2.619 8 0.037 

Flacourtia inermis Roxb. Salicaceae 0.11 Low 4 32 15 3.75 0.080 1 0.005 

Garcinia picrorhiza Miq. Clusiaceae 1.19 Low 9±3.65 33.46±22.21 17.85±14.65 27.75 0.757 12 0.147 

Garcinia sp. Clusiaceae 6.65 Medium 6.65 41.20±17.34 20.39±12.07 96.25 3.204 41 0.032 

Gnetum genemon L. Gnetaceae 0.41 Low 2 11 12 0.50 0.009 1 0.005 

Gymnacranthera farquhariana (Hook.f. & Thomson) Warb. Myristicaceae 0.36 Low 1 20 10 2.75 0.031 1 0.005 

Haplolobus celebicus H.J.Lam Burseraceae 0.92 Low 1 10 8 1.75 0.008 1 0.005 
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Haplolobus floribundus (K.Schum.) H.J.Lam Burseraceae 0.25 Low 8±5.59 31.49±14.51 19.24±10.76 5.25 0.089 2 0.005 

Haplolobus lanceolatus H.J.Lam ex Leenh. Burseraceae 1.22 Low 1.22 30.05±11.15 17.28±11.52 11.75 0.195 5 0.023 

Horsfieldia laevigata Warb. Myristicaceae 11.09 High 6±2.37 37.22±22.73 16.90±12.08 90.75 2.758 37 0.101 

Horsfieldia sylvestris Warb. Myristicaceae 0.05 Low 8 46 18 2.25 0.166 1 0.147 

Horsfieldia irya (Gaertn.) Warb. Myristicaceae 3.19 Medium 9±4.33 41.09±18.60 18.51±12.57 74.38 2.066 26 0.005 

Intsia bijuga (Colebr.) Kuntze Leguminosae 18.37 High 10±1.98 58.78±13.64 21.08±12.31 324.83 15.681 110 0.381 

Kokoona ochracea Merr. Celastraceae 0.28 Low 6±3.59 24.07±9.93 19.66±8.34 4.50 0.049 2 0.009 

Koordersiodendron pinnatum Merr.  Anacardiaceae 1.10 Low 12±2.30 87.07±11.59 23.94±14.06 24.00 1.705 6 0.028 

Lepiniopsis ternatensis Valeton Apocynaceae 3.23 Medium 7±2.52 32.01±15.19 13.90±9.40 45.13 0.980 20 0.078 

Litsea ampla Merr. Lauraceae 1.14 Low 6±1.73 30.68±11.65 17.17±12.16 13.25 0.247 6 0.028 

Litsea firma (Blume) Hook.f. Lauraceae 0.29 Low 3 14 9 1.25 0.015 1 0.005 

Litsea ledermannii Teschner Lauraceae 0.12 Low 5 21 13 1.75 0.035 1 0.005 

Litsea timoriana Span. Lauraceae 0.06 Low 8 24 12 2.25 0.045 1 0.005 

Lunasia amara Blanco Rutaceae 0.45 Low 2 11 8 1.25 0.009 1 0.005 

Macaranga aleuritoides F.Muell Euphorbiaceae 0.60 Low 3±1.79 20.00±20.00 9.29±7.31 5.00 0.063 2 0.009 

Mallotus philippensis (Lam.) Mull.Arg. Euphorbiaceae 0.15 Low 4 22 12 1.75 0.038 1 0.005 

Mallotus sp. Euphorbiaceae 1.82 Low 7±1.90 24.04±15.68 16.23±7.14 17.00 0.225 7 0.032 

Mastixiodendron pachyclaudos (K.Schum.) Melch.  Rubiaceae 0.12 Low 7±4.59 52.76±20.24 18.21±16.79 5.00 0.230 2 0.009 

Micromelum minutum Wight & Arn. Rutaceae 0.22 Low 4 16 12 2.25 0.020 1 0.005 

Myristica fatua Houtt. Myristicaceae 1.25 Low 6±2.71 30.51±20.49 18.30±12.45 23.00 0.422 8 0.037 

Nauclea sp. Rubiaceae 1.40 Low 8±4.00 71.31-9.42 20.98±9.71 28.75 2.159 11 0.046 

Octomeles sumatrana Miq. Tetramelaceae 0.08 Low 5 38 34 9.50 0.113 1 0.005 

Palaquium amboinense Burck Sapotaceae 11.00 High 8±2.58 59.41±23.23 22.92±14.12 214.55 11.952 75 0.239 

Pimelodendron amboinicum Hassk. Euphorbiaceae 12.28 High 9±2.84 36.90±22.53 17.34±12.66 162.75 4.912 67 0.252 

Pisonia umbellifera (J.R. Forst. & G. Forst.) Seem.  Nyctaginaceae 0.07 Low 3 55 20 4.25 0.237 1 0.005 

Polyalthia sumatrana (Miq.) Kurz Annonaceae 0.06 Low 7 22 12 1.75 0.038 1 0.005 

Polyscias nadosa (Blume) Seem. Araliaceae 0.14 Low 5 18 14 0.75 0.025 1 0.005 

Pometia coriacea Radlk. Sapindaceae 23.92 High 9±2.44 83.69±20.31 24.08±13.52 435.20 35.433 122 0.413 

Pometia pinnata J.R.Frost. & G.Frost. Sapindaceae 7.34 Medium 10±0.98 95.00±1.86 22.41±9.31 39.75 4.777 14 0.041 

Pouteria obovata (R.Br.) Baehni Sapotaceae 0.75 Low 8±3.27 45.97±21.18 18.84±16.30 17.50 0.692 7 0.032 

Prunus costata (Hem) Kalk Rosaceae 5.08 Medium 6±2.13 21.66±13.71 13.63±8.93 40.25 0.489 19 0.078 

Rapanea sp. Primulaceae 0.15 Low 5 13 12 1.75 0.013 1 0.005 

Spathiostemon javensis Blume Euphorbiaceae 5.60 Medium 9±3.43 39.75±27.15 24.02±14.98 42.58 0.611 21 0.087 

Stemonurus javanicus Blume Stemonuraceae 0.27 Low 5±3.79 26.41±23.59 16.83±11.17 4.00 0.098 2 0.009 

Sterculia macrophylla Vent. Malvaceae 4.68 Medium 7±2.25 32.43±15.99 20.46±11.43 38.13 0.970 19 0.069 

Sterculia parkinsonii F.Muell. Malvaceae 0.54 Low 7±2.74 20.07±5.93 23.28±7.72 4.50 0.030 2 0.009 

Sterculia shillinglawii F.Muell. Malvaceae 1.66 Low 2±1.00 31.72±14.28 23.76±10.90 4.63 0.137 3 0.014 

Sterculia sp. Malvaceae 0.04 Low 9 38 14 1.40 0.113 1 0.005 

Sterculia urceolata Sm. Malvaceae 0.16 Low 6±6.00 31.21±29.79 19.21±17.79 4.75 0.146 2 0.005 

Streblus elongatus (Miq.) Corner Moraceae 1.58 Low 8±1.28 68.32±12.88 21.10±14.10 30.25 1.837 10 0.046 

Terminalia complanata K.Schum. Combretaceae 3.60 Medium 7±1.97 45.31±13.42 19.12±11.09 41.63 1.646 19 0.014 

Terminalia canaliculata Exell. Combretaceae 0.27 Low 9±2.15 41.42±25.25 18.41±14.25 6.50 0.272 3 0.078 
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According to this definition, competition is an 

ecological process that leads to interactions between 

individuals and has an effect on reducing the survival, 

growth and reproduction potential of competing individuals 

(Begon et al. 1986; Maleki et al. 2015). Competition is 

caused by the limited supply of resources which can 

support optimal growth of two or three trees (Brand and 

Magnussen 1988; Holmes and Reed 1991; Gadow and Hui 

1999; Pretzsch 2002; Rivas et al. 2005), leading to 

interference reaction between individuals  (Begon et al. 

1986; Bazzaz 1990; Goldberg 1990; Teughels et al. 

1995). Resources that trigger competition are nutrients and 

water, and light and space to flourish (Teughels et al. 1995; 

Tschirhart 2001). 

There is no significant relationship between the position 

of the competitor and Hegyi index. The Hegyi index and 

the total height, the canopy area shows a significant 

negative correlation (p < 0.01) (Table 5). 

The position of competitor plants is an important factor 

in evaluating the characteristics of competition among 

merbau trees in GMNTPM as it closely related to the need 

of growth space on the soil surface. Within its relation to 

the sunlight direction, the photosensitivity might also 

reduce the effect of the plant position toward the 

competitive intensity. Therefore, in this research, the 

position of competitor plants was regarded as a 

complementary factor of other factors which included the 

distance and dendrometric factors which also influence the 

level of competition among merbau trees as well as 

competition between merbau trees and other plants. This 

assumption is also closely related to the topography of 

GMNTPM. Thus, generally, regardless of where 

competitor plants grow, the amount of sunlight obtained by 

merbau leaves would not be reduced. However, rocky soil 

creates gaps in the canopy, resulting in lower canopy 

coverage.  

The number of stands, number of species, tree height, 

diameters, and canopy cover of competitors were relatively 

the same in all directions and in general, they were directly 

proportional to the intensity of the competition (Table 

4). The position of the competitors did not have a direct 

functional relationship with the diversity and structure of 

the competitor's structure. In this context, the main focus is 

the forest structures. Hence, the effect of tree layout toward 

competition intensity indicated whether GMNTPM is a 

primary forest which has reached the homeostatic 

condition. Fraver et al. (2014) reported that continuous 

competition affected the process and structure of a forest. 

They also found that plant positioning strongly influenced 

the growth rate of Picea abies as it triggered tighter 

competition. However, according to Berube-Deschenes et 

al. (2017), within the context of distance-dependent 

competition, tree positioning is a useful aspect that 

characterizes the acquisition of potential resources and 

integration of stand structural variation. However, 

according to Berube-Deschenes et al. (2017) in distance-

dependent competition, the position of the tree is useful for 

characterizing the acquisition of potential resources and 

integrating the structural variation of stands.  

Competitor position was a function of structural 

adaptation to the craggy soil condition and density of 

stands in GMNTPM. The growing position of neighboring 

trees was the beginning of competition, because it was 

closely related to where and what species of competitors 

growing alongside the merbau population.The correlation 

shows the spatial arrangement by morphological adaptation 

because if the competition intensity is high, the height 

growth and canopy width of the competing trees tend to be 

inhibited (Table 5). It is related to the fact that the position 

of the competitors (Table 4) limits the growth space and 

potential sunlight received by merbau (intraspecific 

competition). The position of the competitors is not taken 

into account in the Hegyi index, but with the quadrant 

approach that we used in data collection, the position of the 

competitors become quite important due to ecological 

reasons.  
 

Table 2. Mean of distance, canopy cover, and Hegyi index of the 

most competitive trees species (MCTS) 

 

DBH class 
Mean of 

distance (m) 

Mean of 

canopy cover  (m2) 

Mean of 

Hegyi index 

< 10 cm 5.69 2.59 0.60 

10-19 cm 3.65 1.73 0.43 

20-29 cm 5.10 2.26 0.20 

30-39 cm 5.30 2.78 0.13 

40-49 cm 6.33 3.40 0.08 

≥ 50 cm 6.60 4.75 0.07 
 

 

 

Table 3. Correlation between Hegyi index with total height and 

canopy cover of the most competitive trees species (MCTS) 

 

 
Hegyi 

index 

Total 

height 

Canopy 

cover 

Hegyi 

index 

Pearson correlation 1 -.193** -.207** 

Significance (2-tailed)  .000 .000 

N 655 654 655 

Total 

height 

Pearson correlation -.193** 1 .596** 

Significance (2-tailed) .000  .000 

N 654 654 654 

Canopy 

cover 

Pearson correlation -.207** .596** 1 

Significance (2-tailed) .000 .000  

N 655 654 655 

Note: **. Correlation is significant at the 0.01 level (2-tailed) 

 

 

Table 4. Hegyi index, distance and stand structure, competitor 

dendrometric factor according to growing position 

 

Position 

Mean 

of 

Hegyi 

index 

Σ  

stands 

Σ  

species 

Mean 

of 

distance 

(m) 

Mean 

of 

DBH 

(cm) 

Mean 

of 

total 

height 

(m) 

Mean 

of 

canopy 

cover 

(m2) 

East 0.17 106 30 5.42 34.79 15.96 2.73 

North 0.20 110 42 5.04 34.93 15.95 2.70 

Northeast 0.19 110 33 5.58 37.25 16.65 2.81 

Northwest 0.15 110 36 5.31 38.49 16.85 3.01 

South 0.25 96 36 5.54 32.83 16.60 2.69 

Southeast 0.16 120 36 5.23 34.22 16.38 2.97 

Southwest 0.19 94 32 5.16 32.97 16.44 2.72 

West 0.15 103 33 5.40 34.65 15.45 2.75 
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Table 5. Correlation of Hegyi index with tree position, total 

height, canopy cover of competitors 

 

 Hegyi 

index 

Position Total 

height 

Canopy 

cover 

Hegyi 

index 

Pearson 

correlation 

1 -.025 -.202** -.218** 

Significance (2-

tailed) 

 .471 .000 .000 

N 849 849 848 849 

Position Pearson 

correlation 

-.025 1 -.012 .011 

Significance (2-

tailed) 

.471  .721 .739 

N 849 849 848 849 

Total 

height 

Pearson 

correlation 

-.202** -.012 1 .570** 

Significance (2-

tailed) 

.000 .721  .000 

N 848 848 848 848 

Canopy 

cover 

Pearson 

correlation 

-.218** .011 .570** 1 

Significance (2-

tailed) 

.000 .739 .000  

N 849 849 848 849 

Note: **. Correlation is significant at the 0.01 level (2-tailed). 

 

 

Mueller-Ellenberg and Dombois (1974), Weiner at al. 

(1990) explains that competition of two species of plants 

with the same form of growth starts from the same way of 

adaptation to environmental factors. In other words, 

competition is mediated by growth factors. The spatial 

pattern is the visualization of adaptation to certain 

environmental factors. Therefore, the spatial pattern is 

closely related to the multi-species coexistence aspect 

(Nakagawa et al. 2015; Callaway 1995; Condit et al. 2000; 

Stoll and Prati 2001; Murrell 2009) such as the competition 

between trees that depends on spatial relationships between 

plants and neighbors to get resources (Teughels et al. 

1995). 

The position of the competitors has a direct effect on 

the dendrometric aspects of competitors and merbau trees 

which ultimately has an impact on competition. When the 

position of each competitor in each sampling unit does not 

change due to the death of the stand, then over time, the 

intensity of the competition will increase because space 

becomes narrower due to the growing dimension of the 

stands of each individual, both competitors and merbau 

trees. According to Tschirhart (2001), Tremmel and Bazzaz 

(1993), each plant community occupies a fixed space and 

when each stand increases its biomass due to growth or 

because it produces new plants, space will be filled. When 

space is filled, each stand that increases its biomass will 

have difficulty in absorbing energy because of the shadow 

of other stands. This condition is a negative adverse effect 

because the canopy of neighboring trees blocks potential 

energy. 

The effect of competition on merbau 

The intensity of competition produces two forms of 

process behavior, namely the negative effects of individual 

neighbors and the response of trees to changes in resource 

abundance (Teughels et al. 1995; Goldberg 1990; Tilman 

1990; Bazzaz and McConnaughay 1992). The effect of 

competition can be defined mechanically as the influence 

of plants around the resource. The competition response 

can be seen as a relationship between the number of 

resources available to plants and some fitness components 

such as growth, survival and reproductive output (Goldberg 

1990). 

In this study, merbau experienced the effects of 

intraspesific and interspecific competition. Intraspecific 

effects of competition occurred because it grew in groups 

or cluster pattern. Cluster patterns of species are affected 

by dispersal limitations at larger scales (Burslem et al. 

2001; Ledo et al. 2014). The restriction of merbau 

distribution was due to the relatively large and heavy seed 

size, so it did not support broad spreading farther from the 

stand of the mother tree, either with the help of wind or 

water. At GMNTPM, merbau also did not have any 

frugivores that could help to spread the seeds that 

physiologically had been mature. These factors caused 

merbau to grow in clusters under the stand of its mother 

tree. 

Merbau seeds could fell far from the mother tree due to 

mechanical factors of the mother tree and neighboring 

trees. Seeds that escape from the pods bounce off the 

branches or the branches of neighboring trees so that it fell 

far from the stand of the mother tree. If this mechanism 

occurred to the ripe fruit that hung at the end of the longest 

branch, the initial stage of merbau invading more extensive 

areas at GMNTPM. However, generally, the first process 

occurred in a much smaller frequency than the process of 

the merbau seeds falling and germinating and forming 

regeneration groups under and around the mother tree. 

The pattern of merbau grouping occurred since seed 

germination phase, so regeneration density caused the 

distance between individuals to be quite close. As a result, 

space for growth was limited to the effect of same-species 

competition. According to Del Rio et al. (2014), in general, 

the more limited the growing space by neighbors, the 

stronger the competition for resources for individual 

growth. The results of research by Fraver et al. (2014) 

showed that the position of Picea abies affected the 

intensity of competition growth with the canopy as a 

measure of assessment. The intensity of competition is 

increasing and influences the level of growth if the tree 

position tends to be a clustering pattern, while the effect of 

competition is smaller if the pattern is not a cluster. 

The competition due to tree density causes growing 

space for one of the competing parties to decrease and there 

is the light interception by neighboring trees (Tremmel and 

Bazzaz 1993, 1995; Mori and Takeda 2003). The effects of 

this pattern of competition are negative density-dependent 

(NDD) because density reduces the number of stands due 

to competition (Wright 2002; Piao et al. 2014). 

At the population level, NDD produces a self-thinning 

mechanism because resources are limited so that some 

individuals are die in response to competition (Morris 

2002, 2003; Chu et al. 2010; Harper 1977; Bazzaz 1996; 

Lentz 1999). The reason for all same-species stands, every 
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individual competes with similar behavior. Therefore, 

space and resources are insufficient for all. It is related to 

tree size and homogeneous genetic factors (Pretzsch 

2014). Thus, several studies explain that the effect of 

competition through conspecific behavior is more 

significant on individual growth compared to the effects of 

heterospecific neighbors (Comita et al. 2010; Johnson et al. 

2012; Zhu et al. 2015). Zhu et al. (2015) explains that in 

tropical forests, the NDD conspecific effects on local tree 

species are more significant in the early stages of growth 

and the effects are smaller in the adult stage. Larson et al. 

(2015) found that in Abies amabilis young forests, the 

mortality rate per year due to density-dependent 

competition is higher than the old forest, causing more 

extensive distances between trees. This condition is called 

competition turns into facilitation so that the surviving trees 

can develop insufficient space and new variations are 

formed in the stand structure. Clarified by Kunstler et al. 

(2016) that the fast maximum growth of a species is 

negatively correlated with stand density in all biomes, and 

correlated positively with specific leaf area in most 

biomes.  

Direct indication of NDD mechanism that produces 

self-thinning was not found as the samples of merbau poles 

involved in this research was the young ones which had 

been able to survive in GMNTPM. However, the results of 

research was done by Sirami (2014), Sadono et al. (2014) 

in the same location confirmed the existence of the direct 

indication of NDD mechanism that produces self-thinning. 

They found out that merbau trees produced a massive 

amount of seedlings under the parent trees. However, 

neither saplings or poles were often not found. This 

phenomenon normally occurs in merbau stands structure in 

the low land forest of Papua (Forestry Service of Papua 

Province 2008, 2010a, 2010b).  

NDD with self-thinning mechanism because of the 

competition were found in the development of the merbau 

population at GMNTPM. Signs that merbau will survive 

into an adult tree, generally can be seen when it has 

reached the sapling phase with a diameter of > 2 cm 

(Sirami 2014; Sadono et al. 2014). In this diameter, merbau 

has shown relatively wide spacing of germinations 

compared to seedling phases which are directly clustered 

under the mother trees. These facts confirm that the 

interspecific competition in the merbau population at 

GMNTPM is a strong indication of the need for ideal 

spacing for merbau on cultivated land, an important factor 

that can support its growth.  

The interspecific competition was occurred between 

merbau and 79 other tree species. They could adapt well on 

rough soil and occupied strata A-C at GMNTPM (Table 

1). Strata C was the densest canopy layer because it was 

not only inhabited by tree species but also several species 

of lianas (Sirami et al. 2016) and herbs from the family of 

Arecaceae and Pandanaceae. Generally, trees in strata C 

were smaller in diameter, so that they could grow at a 

closer distance. While the trees in the strata A and B had a 

relatively larger diameter, so the distance was wider. It was 

recorded that more than 500 competitor stands occupied the 

C strata, while the rests were large trees in strata A and B. 

The factors that cause the variation in the intensity of 

competition between merbau and competitors are the 

average distance and diameter as the theoretical basis of the 

Hegyi Index. However, there are also other factors such as 

frequency of presence, total height, canopy cover, and the 

number of stands that indirectly affect the intensity of 

competitors but they are not covered in Hegyi's index. 

A significant positive relationships are shown between 

Hegyi index with the frequency of presence, number of 

stands, total height and canopy area (p < 0.01) (Table 6). If 

there is an increase in the number of individuals, the total 

height, canopy area and frequency of a competitor, the 

intensity of competition with merbau will increase.  

  

 

 
Table 6. Correlation between Hegyi index, frequency, number of stands, total height, canopy cover of competitors 

 

 Hegyi index Frequency Number of stands Total height Canopy cover 

Hegyi index Pearson correlation 1 .942** .970** .931** .932** 

Significance (2-tailed)  .000 .000 .000 .000 

N 80 80 80 80 80 

Frequency Pearson correlation .942** 1 .970** .979** .972** 

Significance (2-tailed) .000  .000 .000 .000 

N 80 80 80 80 80 

Number of stands Pearson correlation .970** .970** 1 .966** .963** 

Significance (2-tailed) .000 .000  .000 .000 

N 80 80 80 80 80 

Total height Pearson correlation .931** .979** .966** 1 .995** 

Significance (2-tailed) .000 .000 .000  .000 

N 80 80 80 80 80 

Canopy cover Pearson correlation .932** .972** .963** .995** 1 

Significance (2-tailed) .000 .000 .000 .000  

N 80 80 80 80 80 

Note: **. Correlation is significant at the 0.01 level (2-tailed). 
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The size of the diameter and height of the competitors 

indicate the growing space of above-ground that is 

controlled by a tree. The canopy area when connected with 

the height of the tree is a description of the increasing 

space in the forest canopy which is controlled by a tree. 

Competitors monopolized two levels of above-ground 

space. It reflected the intensity of the merbau competition 

with neighboring trees. Temporarily, the dendrometric 

elements were a function of tree architecture that was 

always dynamic. Increasing the height and size of the 

crown is the effort of the competitors to reach spaces with 

dimensions above the ground surface that provides 

optimum sunlight. Ford (2014) explains that competition is 

closely related to the dynamics of tree architecture because 

when there is a change in plant architecture, it changes the 

surrounding environment. Therefore, it turns the available 

resources for the plant and its neighbors. The dendrometric 

factor is closely related to the adaptation of tree parts to 

support the ability to compete with neighboring trees. The 

expansion of tree architecture aims to position their leaves 

between their neighbors and sources of light by growing 

taller, earlier, faster, or all three (Craine and Dybzinski 

2013; Aschehoug et al. 2016 ). Therefore, key 

characteristics of the light competition include phenology, 

height, and relative growth rates (Aschehoug et al. 

2016). These characteristics indicate that light competition 

is an asymmetrical competition because larger plants get 

disproportionately larger portions of light. 

The growth dynamics of every element of tree 

architecture such as height, DBH, and canopy cover have 

long been considered as dendrometric factors that 

determine the intensity of competition between 

trees. Several previous studies have proven that DBH is an 

important factor that influences the intensity of competition 

between trees both interspecific and intraspecific 

competition (Gonzalez de Andres et al. 2018; Zhou 2017; 

Da Cunha et al. 2016). 

The competitors that grow closer to merbau increase the 

intensity of competition because the total growth space 

needed is higher. The effect of the number of trees on the 

intensity of the competition will be even greater, if it is 

followed by a fairly close distance and large diameter and 

growing position around merbau. Previous researchers 

have explained the density effect that the relationship of 

plant density changes available resources, thus creating 

competition (Bonan 1991; Chu et al. 2009; Chu et al. 

2010). 

In tropical forests with high tree species diversity such 

as GMNTPM, there are two mechanisms of competition at 

once namely conspecific and heterospecific. During field 

observations, most of the competitors grew in groups per 

species, but only the closest stands located near merbau 

were recorded for analysis. Furthermore, there was a 

mixture of heterospecific distribution patterns. Not just 

being a competitor for merbau, some of the species of 

competitors also experience competition in their population 

and with other species other than merbau. This condition is 

an indication that the density of stands and spatial patterns 

are important factors that determine the high intensity of 

competition with merbau trees. 

Competition with merbau can be considered as the 

effect of competition between competitors with non-

merbau species. For competitors which have a faster 

growth rate than merbau may choose to be more dominant 

in achieving light resources on the side of merbau than on 

the side of same-species trees or with other species that 

have relatively same growth speed. This condition is an 

indicator of the effects of heterospecific and conspecific 

mechanisms that occur together. 

The frequency of the presence of a species around 

merbau can increase the intensity of the competition in 

species level. However, it also should meet other 

conditions such as large diameter and more than one 

individual. The frequency associated with the heredity 

factor explains that each species carries different genetic 

identities that affect how the species grows and develops in 

the dense forest communities. Bennett et al. (2016) 

demonstrate that each species has a different effect on its 

competition with other species. This condition is one of the 

ecological processes that show how heredity works. In this 

study, competitor species with the highest competition 

intensity also had a high frequency of presence (Table 1) 

and were relatively dominant. Domination is another 

indication of the ability to compete because the species can 

grow on stand structures that are higher than other species. 

Those competitor species belong to the group of most 

competitive tree species. 

Merbau's response to competition 

The canopy architecture and canopy slope of merbau is 

different from the competitor species. Merbau tends to 

adapt irregular canopy shapes than oval, round, triangular 

and domed (Table 7). The irregular canopy shapes were 

formed when merbau’s canopy had direct contact with the 

competitor’s canopy. Round, oval, triangular or domes 

shapes occurred when the merbau’s canopy was in the gap 

between competitors’ canopies. Merbau also tended to tilt 

the canopy in a different direction from that of competitors 

and grew the first branch at the lowest point on the trunk 

compared to the competitors. 

This behavior is contrary to the growth behavior 

of Pometia spp., Dysoxylum spp., and Dracontomelon sp. 

in the pole phase, these three species do not grow branches 

at the lowest point on the stem until they reach a relatively 

open space between the other tree canopies. This strategy is 

aimed to minimize the horizontal barrier because at the 

lowest position merbau tree branches can grow in less 

dense spaces. On the rough soil conditions in GMNTPM, 

soil cover and herbaceous plants are rarely to be found, so 

there is enough space near the soil surface. This condition 

allows merbau leaves on the lowest branches to be free 

from the barrier to absorb sunlight because the size of the 

merbau leaves is smaller than that of the competitors in 

general. 
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Table 7. Canopy shape, canopy slope, and height of merbau tree 

branches 

 

Item  Percentage 

Canopy shape  
Irregular 82% 

Oval 11% 

Round 5% 

Triangular 2% 

 

Canopy slope direction  
Very different 60.55% 

Different 31.19% 

Quite different 5.50% 

Less different 0.92% 

Same 0.46% 

 

Lowest branch height  
The tallest 6.05% 

High 4.63% 

Quite high 1.78% 

Low 16.37% 

The lowest 48.04% 

 

 

Merbau responded to the high intensity of competition 

through several growing behaviors (Table 7). This form of 

response is part of the ability to compete as well as a 

merbau strategy to absorb light among the competing tree 

canopies at GMNTPM. Light is a limited resource under 

the tree canopy in tropical forests (Chazdon and Fetcher 

1984; Chazdon and Pearcy 1991; Guzman and Cordero 

2016), thus, light availability affects some plant characters 

and contributes to the coexistence of plants in different 

habitats (Hubbell et al. 1999; Adler et al. 2013). A 

character affected by light is the canopy architecture, such 

as shape and width. Therefore, when the light is limited, 

competition between large trees and small trees under the 

canopy often shows partial size asymmetry (Schwinning 

and Weiner 1998; Looney et al. 2016). 

What merbau did as a response to competition, has been 

investigated by ecologists. They argue that the adaptive 

needs of tree architecture are related to the efficiency of 

capturing light, such as the position of branches which are 

right above the ground affect the pattern of leaf appearance 

(Wickens and Horn 1972; Sakai 1986; Kohyama 1987; 

Takenaka 1994). Therefore, the success in competition is 

also determined by the placement of leaves on the canopy 

because it is very important to capture light (Black 1958, 

1960; Tremmel and Bazzaz 1995). It compensates the 

effects of competition through architectural and 

physiological plasticity (Grace 1995) by positioning the 

leaves among its neighbors and light sources (Craine and 

Dybzinski 2013; Aschehoug et al. 2016). 

However, light competition can be quite complicated to 

understand because shade avoidance syndrome (SAS) can 

occur in areas with abundant light (Pierik et al. 

2013; Aschehoug et al. 2016). In this research, three 

samplings of merbau aborted the leaves even though they 

grew under the competitors' canopy. Whether this is 

another form of SAS or not, it needs to be investigated 

further because merbau is a semi-tolerant species.  

Ideal planting space 

The width of the canopy of adult merbau trees can 

reach > 600 m2 (Sadono et al. 2014; Sirami 2014). Merbau 

also tends to adapt its canopy slopes with different 

directions, has irregular canopy shapes and the lowest clear 

bole height among competitors. In silviculture, the growth 

behavior is closely related to the effect of the canopy on the 

diameter size and the total height of trees that can be 

harvested. Thus, by setting the ideal planting space and 

considering the width of the canopy of each species in 

nature, it will reduce the intensity of competition in the 

merbau plantations. 

Based on merbau growing behavior and DBH grouping 

of the most competitive trees species, we concluded that 

ideal planting space between merbau and shade trees is 3-7 

m. If the purpose of planting is for the use of wood with a 

DBH of 10-30 cm, the planting space ranges from 3 to 5 m. 

While, if the object is for the use of wood with a DBH of > 

30 cm or for 30-40 years of rotation, the planting space is 

between 5-7 m. 
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ability of Pelung chickens and the activities are considered important to maintain the existence of the chickens. The objective of this 

study was to determine the knowledge and perceptions of chicken keepers toward chicken contests for Pelung chickens. A survey using 

open and structured questionnaire was conducted to collect data involving 133 Pelung keepers. The study was carried out in four 

districts in West Java Province, Indonesia including Cianjur, Sukabumi, Bandung, and Garut Districts. The data were analyzed using 

descriptive analysis. The result showed that almost respondents knew about contests and they defined contests as a media to find good 

breeds as well as a media to find and/or improve networks. Main sources of information contests were the organization, family, and 

social media. Respondents had positive perception toward contests, and they actively participated in the different level of contests. The 

findings are important as social input for the management of animal genetic resources (AnGR) in Indonesia 

Keywords: Contests, knowledge, Pelung chicken keepers, perception, West Java 

INTRODUCTION  

Indigenous chicken breeds form part of global Animal 

Genetic Resources (AnGR). It was reported that indigenous 

chickens in Indonesia differ from those in Asia and other 

countries in the world; thus, Indonesia was considered as 

one of the major chicken domestication centers in the 

world, besides China and India. (Sulandari et al. 2007a; 

2008). Indigenous chicken breeds are a national resource 

and make a significant contribution to food security and the 

livelihoods of people in rural areas (Director General of 

Livestock Services 2003). They also perform social and 

cultural functions in particular Indonesian communities 

(Iskandar et al. 2004; Partasasmita et al. 2017).  

In Indonesia, there are at least 31 distinct groups of 

indigenous chickens in Indonesia (Nataamijaya 2000; 

Partasasmita et al. 2016), which are generally classified 

into two groups: descript and nondescript chickens 

(Directorate General of Livestock Services 2003). Descript 

chickens have specific characteristics primarily related to 

their plumage and are regarded as local to a specific area 

(Diwyanto and Iskandar 1999). Non-descript chickens have 

no specific phenotypical characteristics. These chickens 

can be found in most villages (kampung) in Indonesia 

(Nataamijaya 2000), so they are commonly known as 

‘kampung chickens’. 

The populations of indigenous chicken breeds in 

Indonesia are assumed to be in decline (Diwyanto and 

Prijono 2007). Breeds were found to be less likely to be at 

risk where they had specific traits that permitted them to 

make an important contribution to farmer livelihoods, 

including through their role in broader religious and/or 

traditional customs in the communities (Asmara 2014; 

Asmara et al. 2014). Pelung chickens are among other chickens 

in Indonesia which at risk of extinction; however, this breed 

has specific characteristics in relation to cultural aspect.  

Pelung chicken is originally from Cianjur District in 

West Java Province raised as singing chickens (Muladno 

2008; Sulandari et al. 2007b). Most of Pelung keepers in 

Cianjur raised their chickens for cultural motivation. The 

existence of singing contests makes more people interest in 

keeping the chickens and their distribution grows outside 

their original areas. As a result, the existence of contests is 

very important in the conservation of indigenous chicken 

breeds in Indonesia (Asmara 2014). Pelung contests, which 

were conducted regularly at local to national level, were 

marketplaces for Pelung chickens (Hippapi 2005). During 

contests, Pelung chickens were traded. If the chickens won 

the contests, their prices increased. In addition, the fertile 

eggs and/or offspring of the contest-winning chickens and 

their dams were valued more highly (Asmara 2014). The 

Pelung trading in contests not only involve the keepers but 

also traders and or fanciers; thus, is not strange if the 

contests shifting from cultural events into the economic 

event only. Keepers can be viewed as de facto conservation 

agents for agricultural genetic resources (FAO 2012; 

Narloch et al. 2011). The perceptions and knowledge of 

contests can be implemented as input for contest 

management. Therefore, the objective of this study was to 

determine the perceptions and knowledge of farmers on 
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chicken contests.  

MATERIALS AND METHODS 

Study area 

The research was conducted in four districts in the West 

Java Province, Indonesia, i.e., Cianjur, Sukabumi, 

Bandung, and Garut Districts (Figure 1), where Pelung 

chickens were majority kept. ). Cianjur and Sukabumi 

Districts are in southwestern Java Island. Cianjur District is 

adjacent with Sukabumi District and is situated at an 

altitude of 7-2,962 m with mean annual rainfall of 2,610 

mm and mean annual temperature 24.4°C (Cianjur District 

Office of Information Communication and Statistics 2017). 

Sukabumi is situated at an altitude of 0-2,960 m with 

annual rainfall of 2,000-4,000 mm and annual temperature 

18-30°C (Sukabumi District Government 2017). Bandung 

District is adjacent with the capital of West Java Province, 

Bandung City, and is a highland area with annual rainfall 

1,500-4,000 mm with annual temperature between 12-24oC 

(Bandung District Government 2017). Garut District is 

adjacent with Bandung District located 64.2 km from the 

capital of West Java Province. The district is situated at an 

altitude 100-1500 m with mean annual rainfall 2,589 mm 

and annual temperature 24-27ºC (Garut District Office of 

Information Communication and Statistics 2017).  

 
 

 

 
 

 
 

 

 

Figure 1. Research locations in West Java, Indonesia. A. 

Sukabumi, B. Cianjur, C. Bandung, D. Garut 

Procedures 

Interviews were the main data-collection technique 

involving key informants as well as keepers of Pelung 

chickens. First, open interviews were conducted with the 

key informants to help determine the current situation of 

the case-study breed and to select the area and the keepers 

to be involved in the study. Second, face-to-face interviews 

with a structured and open questionnaire were used to 

collect information from the farmers about their knowledge 

and perceptions on chicken contests. The respondents in 

the study were households in which the person who owned 

the chickens was interviewed. In this research, purposive 

sampling was conducted rather than random sampling 

because of no exact information about the number of keepers 

for Pelung. A total of 133 male respondents consisting of 

33, 25, 36, and 39 respondents in Cianjur, Sukabumi, 

Bandung, and Garut Districts, respectively, participated in 

the survey. All quantitative data collected from the 

questionnaire were coded and prepared for further analysis 

(descriptive analysis) using the Statistical Package for the 

Social Sciences (SPSS) IBM SPSS statistics 19 (Pallant 

2011).  

RESULTS AND DISCUSSION  

Respondents’ social demographic information 

Table 1 shows the socio-demographic characteristics of 

the 133 farmers who participated in the study. The male 

respondents were aged between 15-59 years old (83.46%). 

About 32% respondents were educated at elementary 

school level, more than 40% of respondents were educated 

up to senior high school and even more than 15% of 

respondents reached higher education level (Diploma and 

Bachelor degree). A total of 36% of respondent had 

farming experience between 3.5-10 years, followed by 

respondents who had farming experience more than 17.5 

years (27.07%) and less than 3.5 years (23.31%). The main 

jobs of the respondents were variously dominated by self-

employee (29.32%) and farmers (32.33%).  

Respondent knowledge and perception toward pelung 

contests 

Table 2 shows respondent knowledge about chicken 

contests resulted in from open questions. Almost all 

respondents knew about chicken contests (96.24%). A 

various of statements occurred when respondents were 

asked about their perceptions toward contests. More than 

40% of respondents defined contest as a media to find good 

breeds, 19.53% of respondents defined contest as a media 

to find and/or improve networks, 17.97% of respondents 

defined contest as media for showing chicken's sound and 

about 13% of respondents defined contest as part of their 

hobby in keeping Pelung chickens. Other definitions such 

as a media to increase chicken selling price (3.91%), a 

media for self-existence (3.12%) and a media to get prize 

(0.78%) also occurred. 

Respondents who knew about chicken contests were 

asked about their participation and source of information 

about contests. Respondents who participated in contests 

A B C D 
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then were asked about their level of participation and 

motivation to participate in contests. More than 80% of 

respondents participated in contests and they joined 

contests mostly at district level. Respondents had 

information about the contests from different sources such 

as farmer group, social media and family. The motivation 

of respondents to join contests were dominated by their 

willingness to find and/or improve networks (65.38%) and 

to improve knowledge and experience in keeping Pelung 

(28.85%). Table 3 displays participation, source of 

information, level of contests and motivations of 

respondents in joining contests.  

Table 4 shows a Likert scale to gauge respondents’ 

perceptions about contests. For statement “Pelung keepers 

must participate in contests”, more than 65% of 

respondents “agreed” and “strongly agreed” and majority 

of respondents (88.38%) “agreed” and “strongly agreed” 

with statement “More contests are better”. More than 60% 

of respondents “agreed” and “strongly agreed” with 

statement “I will join contests as much as I can”, while for 

statement “Information about contests is very important”, 

majority of respondents (89.85%) “agreed” and “strongly 

agreed”. About 85% of respondents “agreed” and “strongly 

agreed” with statement “It is easy to participate in 

contests”. 

In terms of statement “To be winner contests is my only 

motivation in raising Pelung Chickens”, more than 50% of 

respondents “agreed” and “strongly agreed”, a same 

number of respondents (more than 20% each) “neither 

agreed nor disagreed” and “disagreed” correspondingly 

with the statement. Almost all respondents (95.31%) 

“agreed” and “strongly agreed” with statement “Contest is 

an effective media for increasing selling price”. Majority of 

respondents (87.50%) “agreed” and “strongly agreed”, with 

statement “Contest is a good media for increasing 

knowledge about Pelung management”. Almost half of 

respondents (48.44%) ‘’agreed” with statement “I will 

never sell my winning chicken contests”, while 20.31% of 

respondents “disagreed” and 31.25% of respondents 

“neither agreed nor disagreed” with the statement.  
 

Table 1. Socio-economic characteristics of respondents  

 

Item 

District 
All districts 

Garut Bandung Cianjur Sukabumi 

(%) 

Age (years)      
15-59 75.76 80.77 88.89 87.18 83.46 

 > 59 24.24 19.23 11.11 12.82 16.54 

Education      
No education 0 0 0 2.56 0.75 

Elementary School 33.34 4.00 63.89 20.51 32.33 

Junior High School 30.30 16.00 22.22 7.70 18.80 

Senior High School 15.15 28.00 11.11 64.10 30.83 

Diploma 18.18 12.00 2.78 5.13 9.02 

Bachelor 3.03 40.00 0 0 8.27 

Farming experience (years)      
1-3.5 12.12 36.00 22.22 25.64 23.31 

> 3.5 - 10 24.24 24.00 55.55 35.90 36.09 

> 10 - 17.5 18.18 16.00 05.06 15.38 13.53 

> 17.5 45.46 24.00 16.17 23.08 27.07 

Main job      
Farmer 27.27 8.00 50.00 35.90 32.33 

Laborer 18.18 4.00 33.33 17.95 19.55 

Employee 21.21 40.00 0 20.51 18.80 

Self-employee 33.34 48.00 16.67 25.64 29.32 

 

 

Table 2. Knowledge of respondents toward contests  

 

Statement/Question 

District 
All districts 

Garut Bandung Cianjur Sukabumi 

(%) 
Do you know about Pelung contest?      

Yes 97.00 96.00 100 92.31 96.24 
No 3.00 4.00 0 7.69 3.76 

What do you know about contest?      

Media for showing chicken's sound 12.50 0 2.78 50.00 17.97 

Media to find good breeds 34.38 50.00 66.67 16.67 41.41 

Part of hobby 6.25 12.50 13.89 19.44 13.28 

Media to find/improve network 37.50 29.17 8.33 8.33 19.53 

Media to get prize 0 0 0 2.78 0.78 

Media to increase selling price 0 8.33 5.56 2.78 3.91 

Media for self-existence 9.37 0 2.77 0.00 3.12 
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Table 3. Participation, source of information, level of participation and motivation to participate in contests 

 

Statement/Question 

District 
All districts 

Garut Bandung Cianjur Sukabumi 

(%) 

Do you participate in contests?      

 Yes 93.75 91.67 66.67 77.78 81.25 

 No 6.25 8.33 33.33 22.22 18.75 

Source of contest information      

 Organization (farmer group) 53.13 37.50 38.89 22.22 37.50 

 Social media 15.63 20.83 44.45 44.44 32.81 

 Family 21.86 41.67 08.33 30.56 24.22 

 Invitation 09.38 0 08.33 0 4.69 

 Others 0 0 0 2.78 0.78 

Level of participation (ranking)      

 District 93.33 95.45 91.67 89.29 92.31 

 Province 66.67 77.27 58.33 64.29 66.35 

 National 76.67 63.64 41.67 67.86 63.46 

Motivation to participate in contests      

 To improve knowledge and experience 33.33 13.64 20.83 42.86 28.85 

 To find/improve networking 63.33 86.36 70.83 46.43 65.38 

 To get prize 3.34 0 4.17 7.14 3.85 

 To have popularity  0 0 4.17 3.57 1.92 

 

 

 

Table 4. Perception of respondents toward contests 

 

Statement/Question 

Strongly 

disagree 
Disagree Neutral Agree 

Strongly 

agree 

(%) 

Pelung keepers must participate in contests 7.03 9.37 16.41 35.94 31.25 

More contests are better  0 2.34 9.38 42.19 46.19 

I will join contests as much as I can  3.91 9.38 25.78 33.59 27.34 

Information about contests is very important  0.78 0.78 8.59 36.72 53.13 

It is easy to participate in contests 1.56 1.56 10.94 53.13 32.81 

To be winner contests is my only motivation in raising Pelung Chickens 2.34 19.53 22.66 30.47 25.00 

Contest is an effective media for increasing selling price 0 0 4.69 40.62 54.69 

Contest is a good media for increasing knowledge about Pelung mangement  0 1.56 10.94 52.34 35.16 

I will never sell my winning chicken contests  13.28 17.97 20.31 23.44 25.00 

 

 

 

 

Discussion 

This current study revealed that Pelung keepers were 

dominated by male keepers. Domination of male in poultry 

farming was found in study of Jansen et al. (2009), Dana et 

al. (2010) and Okeno et al. (2012). In the current study, 

domination of male keepers may be due to the socio-

cultural aspect of Pelung. Pelung had been part of the 

men’s lifestyle in Cianjur and, nowadays in other areas in 

West Java. Asmara (2014) stated that Pelung keepers raised 

their chickens as fancy chickens. The keepers spent their 

spare time listening to their chickens singing and looking 

after them. However, Asmara (2014) found that women are 

involved in raising Pelung chickens, even though their 

roles are not clearly articulated. Guèye (2005) named this 

situation as ‘gender blindness’ because women contribution 

in poultry smallholder is ‘invisible’. The patriarchal norms 

which shape gender roles and responsibilities may 

contribute to this situation because of which, farming is 

perceived as activities ruled by men (Galiè et al. 2013). 

Women contribution and motivation in raising Pelung 

should be further investigated.  

This study also revealed that Pelung keepers are varied 

in terms of age, education, farming experience and 

occupations. Uneducated keepers are not dominant, and the 

age of the keepers are relatively young. Age (Govindasamy 

and Italia 1999; Vanslembrouck et al. 2002), and education 

(Vanslembrouck et al. 2002) are two important aspects in 

adopting program or innovation in agriculture. Younger 

and better-educated farmers are more positive in accepting 

agricultural policies (Vanslembrouck et al. 2002). Pelung 

keepers are dominated by experienced people in 

maintaining Pelung chickens. Keepers with more farming 

experiences are assumed to have better knowledge and 

information to use in the adaptation of environment and 

socioeconomic conditions (Hassan and Nhemachena 2008; 

cf. Partasasmita et al. 2016, 2017). In the past, Pelung 

chickens were only kept by particular people in Cianjur 

Region such as religious leaders or local people named 

them Kyai (Hippapi 2005). Recently, as it is revealed in the 
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current study, the occupation of Pelung keepers is varied 

since Pelung chickens are considered as fancy chickens due 

to their singing capability. Thus, the chicken distribution is 

wider compared to other indigenous chickens. Even 

though, indigenous chickens in Indonesia is considered at 

risk of extinction; Pelung chickens are assumed to be safer 

compared to other chickens such as Kedu and Sentul 

chickens (Asmara 2014; Asmara et al. 2014).  

In the current study, Pelung keepers define contests as a 

media to find good breeds. In general, good Pelung 

chickens have initial, middle and closing sound and they 

can crow for 15 seconds, while other chickens only 2-3 

seconds (Hippapi 2005). This finding supported finding 

stated by Asmara (2014) who reported that contests were 

part of the market route of Pelung chickens. Asmara (2014) 

argued that the transaction of Pelung chickens did not 

occur in conventional markets. For experienced buyers, the 

one who can recognize good chickens from their physical 

characteristics and/or sound, contest is considered as 

market to find good breeds. Experienced buyers also had 

enough information about the owners of contest-winning 

chickens. Unlike experienced buyers, regular buyers 

usually involved agent to find good breeds and transaction 

did not occur in contests.  

In the present study, keepers also define contest as 

media to find and/or improve networks. Motivation to 

participate in contests is also determined by finding 

networks. The network can be defined as “any collected 

actors that pursue repeated enduring exchange relations 

with one another and, at the same time, lack a legitimate 

organizational authority to arbitrate and resolve disputes 

that may arise during the exchange” (Podolny and Page 

1998). Network can be seen as informal knowledge 

building and transfer which part of the knowledge system 

and it is important to make agricultural activities more 

sustainable (Šūmane et al. 2017). In this situation, farmers 

are more active since they generate information not only 

act as passive receivers. Beside improving networks, the 

motivation of respondents to join contests were dominated 

by their willingness to improve knowledge and experience 

in keeping Pelung. Stuiver et al. (2004) define farmers' 

knowledge as “the capability of a farmer to co-ordinate and 

to (re-) mould a wide range of socio-technical growth 

factors within specific localities and networks towards 

desired outcomes (e.g. sustainable levels of production)”. 

Vik and Straete (2017) proposed the typology of farmers 

that actively pursues knowledge as ‘the knowledge seeking 

farmer’. This type of farmers is willing to improve 

knowledge from different sources and they usually have 

high degree formal education. In general, practical 

experiences, as well as successful colleagues, are important 

knowledge sources for farmers because of similar practical 

experience condition (Šūmane et al. 2017).  

The current study indicates that Pelung keepers have 

information about contest from several sources including 

farmer organization, family and social media. FAO (2014) 

defined farmer organization as “a formal or informal 

membership-based collective action institution serving its 

members, who are rural dwellers that get part or all of their 

livelihood from agriculture”. Farmer organization is 

important in terms of providing access to advice, 

information, markets, inputs, and advocacy. Most of 

Pelung keepers are member of Himpunan Peternak dan 

Penggemar Ayam Pelung Indonesia or HIPPAPI which 

covered some districts in West Java and Banten Provinces. 

The organization is a media for members to share their 

knowledge and experiences in keeping and marketing 

Pelung chickens as well as make them well informed in 

terms of government and or other institution programs 

(Asmara 2014). Family is also the main source of 

information for contest. In family farmers in which family 

members contribute in managing farm operation, transfer 

information and knowledge usually occurred (Garner and 

Compos 2014). For some countries, family is a central of 

knowledge and learning decision for farmers since their 

initial knowledge are derived from parents and 

grandparents (Šūmane et al. 2017; Partasasmita et al. 

2017). Another interesting finding in current study is 

contribution of social media in providing contest 

information. Social media enable people in communication 

and sharing information using internet-based digital tools. 

The role of social media in sharing information and 

connecting farmers is important not only in developed 

countries but also in developing countries. Facebook is a 

major form of social media for farmers in India (Jijina and 

Raju 2016) and United States of America (Cui 2016).  

Pelung keepers have positive perception toward 

contests. Their positive perception can be seen from the 

function of contests as media for increasing economic 

value of Pelung chickens. The economic importance of 

contests was reported by Asmara (2014) and Muladno 

(2008) who stated contests as one of the important 

marketing channels in the business of Pelung. The number 

of contests outgrowth marketing of Pelung and very 

effective events to introduce Pelung mainly the winning 

contests to the wider community. The winner of the contest 

can certainly have a high selling value and offspring of the 

winners sold for higher prices than those of non-winners 

(Muladno 2008; Asmara 2014). The economic dependency 

of keepers to their chickens make contests become the 

important instrument for maintaining indigenous breeds. In 

this study, contests also perceived as media for sharing of 

knowledge between keepers. This horizontal transfer of 

knowledge (between farmers) combined with the vertical 

transfer of knowledge (example from universities or other 

institutions) will help to strengthen the capacity building 

process of Pelung keepers. 

It examines keepers’ perception toward contests and the 

findings fill the gap of social studies of animal genetic 

resources in order to safeguard indigenous chicken breeds 

in the future. The study indicates some important findings 

including the importance of contests perceived by Pelung 

keepers not only from economic but also from social 

perspectives. Further studies should be conducted mainly 

on women contribution in Pelung management as well as 

the mechanism of transfer of knowledge between keepers 

in contests. Furthermore, investigations regarding women 

contribution in Pelung management and knowledge transfer 

between keepers in contests should be carried in the future. 
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Abstract. Utami RT, Zamani NP, Madduppa HH. 2018. Molecular identification, abundance and distribution of the coral-killing sponge 

Terpios hoshinota in Bengkulu and Seribu Islands, Indonesia. Biodiversitas 19: 2238-2246. Coral killing sponge Terpios hoshinota is 

one of threats to coral reefs. The outbreaks of  T. hoshinota has been reported in the Indo-Pacific region. However, the current 

distribution of this species in Western of Sumatera Island is unknown, compared to Seribu Islands. This study aimed to identify coral-

killing sponge molecularly and to compare the distribution and abundance of T. hoshinota in Bengkulu (Western of Sumatera) and in 

Seribu Islands (Northern of Java Island) and to record the preferences of coral substrate of T. hoshinota. Coral reefs and T. hoshinota 

data were collected using underwater photo transect method with 0.5x0.5m2 quadrate transect. Coral reefs covered by T. hoshinota was 

analyzed by using Correspondence Analysis, while the determination of biophysical and chemical environment was analyzed by 

Principal Component Analysis. The identity of the sponge was T. hoshinota. T. hoshinota has been expanding in many reefs across 

Indonesia especially in Tikus Island and Belanda Island. The most prevalent coral genera in the Seribu Islands infected by T. hoshinota 

was Acropora while those in Bengkulu were Porites and Pocillopora. Pearson correlation between the live coral cover and T. hoshinota 

cover was revealed not significant, while T. hoshinota cover and orthophosphate was significant. This study suggests that 

orthophosphate may play a role invasion of T. hoshinota outbreaks.  

Keywords: invasive sponge, urban reefs, DNA barcoding, correspondent analysis, principal component analysis  

INTRODUCTION 

Coral reefs are marine ecosystems formed by the 

structure of calcium carbonate secreted by coral. Most 

coral reefs are built by rocky corals consisted of grouped 

polyps. Most coral reefs can grow in warm, shallow and 

clear waters. Even though coral reefs occupy less than 

0.1% of the sea level in the world, they provide homes for 

at least 25 % of all marine species, including fish, 

mollusks, worms, crustaceans, echinoderms, sponges, 

tunicates and other cnidarians (Spalding and Grenfell 1997; 

Spalding et al. 2001; Mulhall 2009). However, coral reefs 

have been damaged around 20% over the past few decades 

in the world (Wilkinson 2004, Wilkinson 2008, Goatley 

and Bellwood 2011). While the condition of coral reefs in 

Indonesia according to Giyanto et al. (2017) has a very 

good status in which only 6.39% and 35.15% in poor 

conditions. The coral reef damage is caused by the 

increasing human pressure, the use of destructive fishing 

gear, the increased pollution, the global climate change that 

causes coral bleaching, as well as coral disease and 

predation (Wilkinson 2004). 

Terpios hoshinota is one of the killer sponges that 

attack coral reef ecosystem. This sponge belongs to the 

Porifera Phylum with the Demospongiae Class. This 

sponge has a very thin tissue (≤ 1 mm), encrusting, black or 

dark brown and usually grayish in shallow water. It can 

grow quickly both on living and on dead corals, which is 

living in waters along with several types of cyanobacteria 

in a symbiotic manner (Rützler and Muzik 1993). Terpios 

hoshinota is known as a strong competitor for coral reefs to 

grow and live because it can envelop and cover live corals. 

Moreover, it causes damage and even death to live corals 

(Bryan 1973; Plucer-Rosario 1987; Wang et al. 2015). T. 

hoshinota is firstly identified in Tokunoshima Island, Japan 

(Rützler and Muzik 1993). The first record found that T. 

hoshinota attacked Guam Mariana Islands and American 

Samoa (Bryan 1973; Plucer-Rosario 1987) and then some 

records stated it also attacked coral in Green Island, Taiwan 

(Liao et al. 2007); Lizard Island, Australia (Fujii et al. 

2011); Okinoerabu Island, Japan (Reimer et al. 2011a; 

2011b); Yongxing Island, South China Sea (Shi et al. 

2012); Tioman Island and Peninsular, Malaysia (Hoeksema 

et al. 2014); Maldives (Montano et al. 2015); Mauritius 

(Elliot et al. 2016) and Taiping Island, Taiwan (Yang et al. 

2018). T. hoshinota are found in several regions in 

Indonesia, including Seribu (Thousand) Islands, Jakarta; 

Spermonde Islands, South Sulawesi; Riau Islands; Banten 

Bay, West Java; Balikpapan Bay, East Kalimantan; and 

Babar Island, South Maluku (de Voogd et al. 2013; van der 

Ent et al. 2016; Madduppa et al. 2017). 

The condition of coral reefs in the Belanda Island and 

Dapur Island, part of the Seribu Islands is often associated 

with anthropogenic activity, sedimentation and climate 

change (Rachello-Dolmen and Cleary 2007; Fadilah and 

Idris 2009). However, information about the influence of 

coral reef conditions in the area of T. hoshinota is limited. 

Many studies related to this had not to be done in 
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Indonesia, especially in the Dua Island (Enggano) and 

Tikus Island, Bengkulu and the Belanda and Dapur Island, 

Seribu Islands, Jakarta. Therefore, this study aimed to 

identify T. hoshinota based on molecular analysis; analyze 

abundance of T. hoshinota and describe distribution of T. 

hoshinota and aquatic habitat characteristic. 

MATERIALS AND METHODS 

Study area and data collection 

The study was conducted in different four locations 

namely Dua Island, Tikus Island, Dapur Island, and 

Belanda Island. The Dua (Enggano) and Tikus Islands are 

located in Bengkulu, while the Dapur and Belanda Island 

are part of Seribu Islands, Jakarta (Figure 1). Belanda 

Island belongs to the region of North Seribu Islands 

District and it is a core coral reef preservation zone, while 

Dapur Island is included in the South Seribu Islands 

District and it is currently submerged due to sea sand 

exploitation (BPS 2017a; BPS 2017b). The Enggano Island 

is one of the most populous outer islands located in the 

Indian Ocean (BPS 2017c), while the Tikus Island is 

located in west of Bengkulu City at a distance of 10 km 

from the center of Bengkulu City and it is directly 

connected to the Indian Ocean (BPS 2018). This research 

was divided into two zones, namely the inshore zone which 

was less than 20 km from the mainland and offshore zone 

with a distance of more than 60 km from the mainland. 

 

 

 

 

 

 

 
 

 

Figure 1. Research location of coral-killing sponge Terpios hoshinota at small islands in Indonesia.  (▲): I. Dua Island, Enggano; II. 

Tikus Island; III. Belanda Island and IV. Dapur Island. Location covered by Terpios hoshinota (●) reported by other studies 
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Data collection was carried out from January to 

February 2018 in the coral reefs ecosystem. A total of 8 

observation points, spread over 4 islands at small island in 

Indonesia, were thoroughly surveyed by scuba diving for 

the presence of T. hoshinota. The sessile benthic 

community of the surveyed reefs and patches of T. 

hoshinota were collected using the UPT (Underwater Photo 

Transect) method with a 0.5x0.5 m2 transect area (Giyanto 

et al. 2014). The observation was carried out at two 

observation points. At each observation point 50 m transect 

were laid down, at ≤ 5 m and ≤ 10 m (Seribu Islands) and 

at 1 m and 1.5 m (Bengkulu). Identification of coral genus 

was based on the Coral Finder guidebook (Kelley 2011) 

and Suharsono's report (2008). Sponge identification in situ 

was based on the morphological characteristics given by 

Rützler and Muzik (1993). Specimen of T. hoshinota were 

preserved in 96% ethanol. Tissue was collected to confirm 

the identity of the encrusting sponge T. hoshinota by using 

DNA analysis. 

Molecular identification 

The T. hoshinota samples obtained in the field were 

preserved using 96% alcohol and put into a sample bottle. 

Extraction of DNA from a sample of sponge tissue used a 

Geneaid kit. The primers used in this study were ITS2Fwd 

(5 'GCA GAC-GAC GGA CAG CCT CA-3') and ITS2Rev 

(5 'TTT GCA GCA CCC CTC TCAG-3'). The PCR 

condition was carried out as: 35 cycles, each cycle 

consisted of pre-denaturation at 94ºC for 3 minutes 

denaturation at 94°C for 30 seconds, annealing at 

temperature 53°C for 30 seconds, extension at 72°C for 30 

seconds and final extension at 72ºC for 10 minutes (Yang 

et al. 2018). The next stage was electrophoresis started 

with making agar. The PCR product was inserted into the 

wells contained in agar. Electrophoresis results were 

visualized in GelDoc to see the presence of the amplified 

region. If the product had a positive DNA content, the PCR 

product could be sequenced to know the order of the 

ingredients. The DNA sequencing process was carried out 

by FirstBase sequencing facilities found in Malaysia. 

Data analysis 

Molecular analysis 

The obtained results of T. hoshinota sequencing were 

then analyzed using the Mega 6.0 (Molecular Evolutionary 

Genetic Analysis) program (Tamura et al. 2013). The 

obtained sequence was aligned first using the Clustal W 

menu contained in the program to know the level of 

nucleotide diversity. Nucleotide alignment data obtained 

were then matched to the available data on GenBank at 

NCBI (National Center for Biotechnology Information). 

Abundance of  T. hoshinota 

Analysis data of T. hoshinota area and coral genus 

attacked by T. hoshinota were based on photos taken using 

a digital camera of Canon G16 analyzed using a computer 

and Image J software. Moreover, the Microsoft Excel 2016 

software was used for processing displays of graphics data 

(Abràmoff et al. 2004; Munro 2013). 

Distribution of T. hoshinota and aquatic habitat characteristic 

Analysis of the coral reefs condition was based on 

photos taken using a digital camera of Canon G16 and 

analyzed using computers and devices CPCE (Coral Point 

Count with Excel extensions) software (Kohler and Gill 

2006). A total of 30 random point samples was selected for 

each photo frame and for each point coded according to the 

code of each category, biota, and substrate at the random 

point. Furthermore, the percentage of cover for each 

category, biota, and substrate were calculated for each 

photo frame using the formula:  

 

 

 

In this study, a descriptive statistical analysis was used 

to describe the data that corresponded to the actual 

conditions of the observed location. The obtained data were 

analyzed by simple calculations using Excel 2016 software, 

and Xlstat Version 2015.1 Distribution of T. hoshinota 

composition was analyzed using a multivariate statistical 

model based on Correspondence Analysis (CA). Whereas, 

determination of environmental characteristic among 

observed stations was carried out by multivariate statistical 

approaches based on the Principal Component Analysis 

(PCA) (Bengen 2000). 

RESULTS AND DISCUSSION 

Molecular identification 
The results of ribosomal DNA sequencing showed that 

the species of sponge was actually T. hoshinota. Moreover, 

the similarity percentage and Genetic bank sources were 

shown in Table 1. Based on BLAST analysis in genetic 

banks, it was known that the percentage of similarity 

ranging from 96% to 98%. It means that the similarity of T. 

hoshinota in each observed station was quite high. 

Terpios hoshinota is one of the killer sponges that 

attacks coral reef ecosystems. Figure 2 presents  T. 

hoshinota in the observed regions. 

 
 

Table 1. Identification data of invasive species using BLAST 

 

Sample ID  BLAST Analysis 
Similarity 

(%) 

GeneBank 

Accession 

ITK_TIK1_SP1 Terpios hoshinota 97 MH048888.1 

ITK_DUA1_SP1 Terpios hoshinota 98 MH048888.1 

ITK_BLD1_SP1 Terpios hoshinota 96 MH048888.1 

ITK_ DPR2_SP1 Terpios hoshinota 97 MH048888.1 
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Table 2. Measurement data of coral reefs area covered by Terpios hoshinota at each point of the study location 

 

Locality Coordinate 
Distance from Bengkulu/ 

Jakarta (km) 

Depth of 

patches (m) 

Size of patch 

(cm2) 

       

Bengkulu Dua 1 5°26’52,44” S 102°23’37,824” E ±140 ±1 1426.49 

Dua 2 5°26’52,44” S 102°23’37,824” E ±140 ±1,5 1355.98 

Tikus 1 3°50’12,624” S 102°11’47,65” E ±10 ±1 2763.50 

Tikus 2 3°50’12,624” S 102°11’47,65” E ±10 ±1,5 1874.07 

   
     

Seribu Islands Belanda 1 5°36’13,77” S 106°36’11,00” E ±65 ±3 2247.77 

Belanda 2 5°36’13,77” S 106°36’11,00” E ±65 ±6 1628.83 

Dapur 1 5°55’23,07” S 106°43’21,03” E ±15 ±5 880.694 

Dapur 2 5°55’23,07” S 106°43’21,03” E ±15 ±8 2927.224 

Sum       15,104.55 

 
 

 

 
 
Figure 2. Morphology of Terpios hoshinota. A) Colonies found 

in the Tikus Island, Bengkulu; B) Colonies found in the Dua 

Island (Enggano ), Bengkulu C) Colonies found in the Belanda 

Island, Jakarta; D) Colonies found in the Dapur Island, Jakarta 

 

 

 

 

 
 

Figure 3. Distribution of coral genus covered by Terpios 

hoshinota in the coral reef ecosystem 

 

Abundance of Terpios hoshinota  

The total area covered by T. hoshinota at the research 

location was 15,104.55 cm2. The area of coral reefs 

covered by T. hoshinota varied at each station. The highest 

area covered by T. hoshinota was found in Tikus Island and 

Belanda Island was 4,637.57 cm2 and 3,876.60 cm2. While 

the lowest area of coral reefs covered by T. hoshinota was 

found in Dua Island, with an area of 2,782.46 cm2. The 

result of coral reef area covered by T. hoshinota was shown 

in Table 2. 

Distribution of T. hoshinota and aquatic habitat 

characteristic  
Figure 3 shows the total area of the coral genus covered 

by T. hoshinota at the study location. The types of coral 

covered by T. hoshinota at the study location consisted of 

six genera namely Acropora, Favia, Gardineroseris, 

Montipora, Pocillopora, and Porites. Belanda Island is the 

location where the most common species of coral genus 

covered by T. hoshinota was found which consisted of five 

genera. While the other one was in Dua Island and Tikus 

Island with three coral genera in each island. The types of 

the coral genus found in the Belanda Island were Acropora, 

Gardineroseris, Montipora, Pocillopora, and Porites. The 

types of the coral genus found in Dua Island were 

Acropora, Gardineroseris and Porites, while the genera 

found in Tikus island were Favia, Pocillopora and Porites. 

The results showed that the number of corals 

predominantly used as a substrate by invertebrates to grow 

and attach was the genera of Porites, Acropora and 

Pocillopora compared to other genera. The genera of 

Porites, Acropora and Pocillopora are the most dominant 

genera that easy to be attached by invertebrates because 

they have a gap among coral branches. So, it is easy for 

invertebrates to live on it. 

The spatial distribution of T. hoshinota was shown in 

Figure 4. This diagram showed that four groups of research 

stations have linked between observed stations and T. 

hoshinota cover. The first group consisted of the Belanda 1 

and Dapur 2 Islands identified by Scleractinia coral with 

genus of Acropora. The second group was the Belanda 2 

identified by Scleractinia coral with a genera Montipora 

and Gardineroseris. The third group consisted of Dapur 1 

Island identified by dead coral. The fourth group was the 

D C 

A B 
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Tikus 1, Tikus 2, Dua 1 and Dua 2 Islands identified by 

Scleractinia coral with the genera of Favia, Porites, and 

Pocillopora. 
Water quality measurement was done to find out the 

actual condition of the waters as the research location. The 

characteristics of the coastal waters of the four research 

sites were classified as a feasible area for coral reefs to live 

and grow (Table 3). 

Correlation matrix of Pearson at each point of the study 

location was shown in Table 4. This table showed that T. 

hoshinota has a negative correlation with the percentage of 

live coral cover, temperature, salinity, pH, ammonia, 

nitrate, and nitrite. Meanwhile, it has a positive correlation 

with DO and orthophosphate.  

The characteristics of the biophysical conditions of the 

chemical environment were analyzed by the main 

component analysis approach called Principal Component 

Analysis (PCA). It consisted of percentage of live coral 

cover (%Lc), Total area of T. hoshinota, temperature, 

salinity, pH, dissolved oxygen (DO), ammonia, nitrate, 

nitrite, and orthophosphate data. The results indicated that 

the information describing the correlation among 

parameters was focussed on the two main axes F1 and F2. 

The reliance percentage of information quality for two axes 

were 45.92% and 19.28%, respectively, so the range of 

environmental characteristics of Scleractinian corals in the 

observed station could be explained from the total range of 

the two main axes that was 65.20%. For more details, could 

be seen in the diagram (Figure 5).  

 

 

 
Figure 4. Correspondent analysis of genus invaded by Terpios 

hoshinota at each station 

 

 

 
Table 3. Results of physical-chemical-biological parameters measurement of the waters at each point of the study location 

 

Parameters 
Bengkulu Seribu Islands, Jakarta 

Dua 1 Dua 2 Tikus 1 Tikus 2 Belanda 1 Belanda 2 Dapur 1 Dapur 2 

Percentage of live coral cover (%) 38.27 36.27 39.67 66.73 31.80 26.47 17.67 15.53 

Total area of T. hoshinota  (cm2) 1426.49 1355.98 2763.50 1874.07 2247.77 1628.83 880.69 2927.22 

Temperature (°C) 28.8 28.7 28.3 28.3 29.4 29.3 29.1 29.1 

Salinity (psu) 34.6 34.6 32.2 32.2 31.8 31.8 29.1 29.2 

pH 8.3 8.4 8.1 8.3 8.3 8.4 8.2 8.4 

DO (mg/L) 7.6 7.2 7.4 7.6 6.8 6.6 7.6 7.8 

Ammonia (mg/L) 0.085 0.034 0.037 0.045 0.183 0.174 0.311 0.221 

Nitrate (mg/L) 0.071 0.071 0.071 0.065 0.072 0.087 0.098 0.08 

Nitrite (mg/L) 0.004 0.004 0.005 0.004 0.006 0.007 0.006 0.005 

Orthophosphate (mg/L) 0.004 0.004 0.007 0.004 0.003 0.005 <0.002 0.006 

Note: * Ammonia Quality Standard 0.3 mg/L; Nitrate 0.008; Orto Phosphate 0.015 mg/L (Ministry of Environment Decree 51 2004) 
 

 

 
Table 4. Correlation matrix of Pearson at each point of the study location 

 

Variables % Lc Temperature Salinity pH DO Ammonia Nitrate Nitrite 
Ortho 

phosphate 

T. 

hoshinota 

% Lc 1 -0.737 0.543 -0.156 0.077 -0.771 -0.762 -0.577 0.040 -0.003 

Temperature -0.737 1 -0.384 0.442 -0.486 0.763 0.586 0.727 -0.385 -0.133 

Salinity 0.543 -0.384 1 0.136 -0.230 -0.813 -0.669 -0.543 0.043 -0.235 

pH -0.156 0.442 0.136 1 -0.250 0.058 -0.025 0.000 -0.084 -0.093 

DO 0.077 -0.486 -0.230 -0.250 1 0.008 -0.064 -0.632 0.089 0.102 

Ammonia -0.771 0.763 -0.813 0.058 0.008 1 0.862 0.675 -0.427 -0.174 

Nitrate -0.762 0.586 -0.669 -0.025 -0.064 0.862 1 0.702 -0.318 -0.398 

Nitrite -0.577 0.727 -0.543 0.000 -0.632 0.675 0.702 1 -0.109 -0.028 

Orthophosphate  0.040 -0.385 0.043 -0.084 0.089 -0.427 -0.318 -0.109 1 0.765 

T. hoshinota -0.003 -0.133 -0.235 -0.093 0.102 -0.174 -0.398 -0.028 0.765 1 
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Figure 5. Principal Component Analysis between chemical 

biophysical parameters and the distribution of research stations on 

the F1 and F2 axes  
 

 

Based on the circular diagram, the intersection between 

the axes F1 and F2 (Figure 5) showed that there was a 

correlation among temperature, ammonia, nitrate, nitrite, 

and percentage of live coral cover forming a positive F1 

axis, while salinity contributed to forming a negative F1 

axis. Orthophosphate and T. hoshinota contributed to 

forming a positive F2 axis. 

The diagram of main component analysis formed three 

station distribution groups based on their relationship to 

environmental biophysical characteristics. The first station 

group consisted of the Dapur 1, the Belanda 1 and the 

Belanda 2 Islands where the station was characterized by a 

high concentration of ammonia, nitrate, nitrite, and 

temperature compared to other stations. The high 

concentration of ammonia and nitrate in seawater at the 

study site came from the river flow from the mainland of 

Java entering the Jakarta Bay. The distance of the study 

location to the Jakarta bay ranged ± 15 km, so the 

proximity of the study location allowed the increase of 

nutrients in the Dapur Island water. The concentration of 

nitrite and the value of temperatures on the Dapur 1, the 

Belanda 1 Island and the Belanda 2 Island were still 

categorized as optimum conditions for coral growth. The 

second group consists of the Dua 1 Island and the Tikus 2 

Island characterized by their salinity and percentage of live 

coral cover. Salinity concentration at this station is still at 

the optimum limit for coral reef to grow. While the third 

group consisted of the Dapur 2 Island and Tikus 1 Island 

identified by Orthophosphate and T. hoshinota. 

Discussion 

The current study has confirmed the species of T. 

hoshinota using molecular approach. Molecular techniques 

have become essential tools for identification of marine 

species (Madduppa et al. 2014; Prehadi et al. 2015; 

Kusuma et al. 2016; Maulid et al. 2016). The ITS region of 

the ribosomal DNA has been used to distinguish genera 

and species of a wide range of demosponge taxa. The 

examination of ribosomal DNA sequences confirmed that 

the identity of sponge was T. hoshinota. All sequences 

were submitted to NCBI GenBank under accession number 

MH048888.1. The ITS sequence of T. hoshinota obtained 

from GenBank, originates from Taiping Island, South 

China Sea, where the sponge has had outbreak event in 

2017 (Yang et al. 2018).  

In the present study, T. hoshinota was observed in many 

reefs across Indonesia. Eight patches of T. hoshinota were 

found varying in size between 880.694 cm2 and 2927.224 

cm2 and a total cover of 15,104.55 cm2. T. hoshinota was 

most abundant on the reef of Tikus Island (distance from 

Bengkulu 10 km) and Belanda Island (distance from 

Jakarta 65 km). These findings are supported by a survey 

Spermonde Archipelago (van der Ent et al. 2016), where 

T. hoshinota was also found at various locations across the 

shelf. It indicated that T. hoshinota has been observed in all 

different environments and spatially. 

All live coral substrates were identified to genera level. 

T. hoshinota patches were mostly found on corals of the 

family Acroporidae, Poritidae and Pocilloporidae. 

Correspondence Analysis (CA) showed that the the most 

prevalent coral genera infected by T. hoshinota in Belanda 

1 and Dapur 2 Islands was Acropora (Acroporidae), while 

those in Bengkulu were Porites (Poritidae) and Pocillopora 

(Pocilloporidae). Multiple studies on T. hoshinota have 

been carried out in various countries including research 

conducted by Liao et al. (2007) and Tang et al. (2011) in 

Green Island, Taiwanese. The research study found that the 

common genera infected by T. hoshinota were Montipora, 

Acropora, Isopora, Millepora, Favia and Porites. In 

addition, van der Ent et al. (2016) figured out that the 

infected genera in the Spermonde Islands, South Sulawesi 

were Acropora, Isopora, Montipora, Pocillopora, 

Seriatopora and Pavona. However, according to Wang et 

al. (2012), there was no specific coral reef species that 

could be infected by T. hoshinota.  

Various studies on the distribution and condition of 

coral reefs in the Seribu Islands were widely carried out 

(Cleary et al. 2006; Rachello-Dolmen and Cleary 2007; 

Johan et al. 2012; Madduppa et al. 2012). The eight 

observation points where patches of T. hoshinota were 

discovered also varied distinctly from each other in benthic 

community structure. T. hoshinota were found at sites with 

good, fair and poor cover of live corals. It indicated that T. 

hoshinota can survive within different benthic community 

structures. These findings are supported by a survey of  

Ryukyu Archipelago (Reimer et al. 2011) and 

Spermonde Archipelago (van der Ent et al. 2016), where 

T. hoshinota was also found in pure reefs, as well as reefs 

that increasing human pressure. However, the present study 

showed no large variation in patch size between the eight 

observation points where T. hoshinota was observed. T. 

hoshinota outbreaks are probably not related to variation in 

benthic community structure. 

The highest area covered by T. hoshinota was found in 

Tikus Island and Belanda Island. Belanda Island has poor 

water quality with high nutrient concentrations. Cleary et 
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al. (2006) stated that the location of coastal waters was 

around 15-50 km influenced by fishing activities. In 

addition, it has poor water quality with high nutrient 

concentrations. During the dry season, the southeast wind 

blows, so that the flow of nutrients from the Jakarta Bay 

River flows to the Seribu Islands. The high level of 

nutrients in the water where coral reefs live and grow 

caused the fertile proliferation of algae and sponges which 

led to space competition (Cleary et al. 2006; Fadilah and 

Idris 2009; Madduppa et al. 2013; Fahlevy et al. 2018). As 

in Guam, T. hoshinota was found in polluted areas and the 

area experiences stress caused by coastal development 

(Plucer-Rosario 1987; Rützler and Muzik 1993). However, 

the lowest area covered by T. hoshinota was found in Dua 

Island, Enggano. Enggano Island is one of the outer Islands 

and far away from human activity. Dua Island has a clean 

aquatic environment quality remains infected by T. 

hoshinota. Similar situations were found in Green Island, 

Taiwan and Yonxing Island (Shi et al. 2012). An area 

located far away from human activity has a good water 

quality, however; it is also infected by T. hoshinota.  

Coral reef degradation is a significant problem in the 

world. Competition among sessile organisms is one of the 

main ecological processes in coral reefs ecosystem and it 

can lead to changes in the diversity and abundance of coral 

species at spatial and temporal scales (Connel et al. 2004; 

Chadwick and Morrow 2011). Sponges are sessile 

organisms defending themselves by using chemicals. It 

causes them to become natural predators or parasites and 

they do this as an ecological function (Proksch 1994; 

Laport et al. 2009). T. hoshinota is a threat to coral reefs in 

Indo-Pacific Ocean. T. hoshinota make a symbiotic 

interaction with various microorganisms, such as bacteria 

and fungi (Bryan 1973; Plucer-Rosario 1987; Rützler and 

Muzik 1993; Hirose and Murakami 2011). Cyanobacteria 

have a very dense population on the spongy tissue. The 

composition of cyanobacteria in T. hoshinota sponges 

reaches 61% - 98% (Rützler and Muzik 1993; Hirose and 

Murakami 2011; Tang et al. 2011) and cyanobacterial 

photosynthesis are responsible for nutrient sources for T. 

hoshinota (Rützler and Muzik 1993; Soong et al. 2009). 

Some of these compounds are important in sponge 

ecological adaptations (Faulkner et al. 1994; Kobayashi 

and Kitagawa 1994; Guyot 2000; Proksch et al. 2003; 

Thakur and Mϋller 2004). The symbiosis between T. 

hoshinota and cyanobacteria helps T. hoshinota to be more 

competitive to attack coral reefs spatially and grow to 

cover coral reefs (Plucer-Rosario 1987).  

In the current study, Principal Component Analysis 

(PCA) showed that at Belanda 1, Belanda 2 and Dapur 1 

Islands, temperature, ammonia, nitrate and nitrite has high 

environmental characteristics correlation. At Dua 1 and 

Tikus 2 Islands, salinity and percentage of live coral cover 

have high environmental characteristics correlation. 

Meanwhile, at Tikus 1 and Dapur 2 Islands, orthophosphate 

has high environmental characteristics correlation. The 

result of the Pearson correlation between the live coral 

cover and T. hoshinota cover showed a negative linear 

relationship. It indicated that the higher live coral cover, 

the lower T. hoshinota cover. But the value was not 

significant (-0.003). 

Meanwhile, the result of the Pearson correlation 

between T. hoshinota cover and orthophosphate showed 

that positive linear relationship. This is indicated that the 

higher the orthophosphate, the higher T. hoshinota cover. 

The value was significant (0.765). 

The cause of the spread of T. hoshinota was not yet 

clearly known. It was expected that the cause of the 

spreading T. hoshinota is due to environmental factors 

including availability of nutrients, host specificity, coral 

cover, ocean currents, and others (Shi et al. 2012).  Ng et 

al. (2012) suspected that the increased concentrations of 

iron, phosphate, and nitrite lead to the blooming of 

cyanobacteria found in T. hoshinota. Meanwhile, according 

to Schils (2012), T. hoshinota infection was not only due to 

chemical components, but it might also due to human 

activities such as the sinking of the ship, burning forest and 

storm. Moreover, Averts (2000) suspected that the health of 

coral reefs might affect T. hoshinota infection. According 

to Elliot et al. (2016), there are three possibilities for T. 

hoshinota to attack coral reefs. First, T. hoshinota grow up 

covering the coral and rapidly expand to cover the coral. 

Second, the presence of allelopathic compounds that is able 

to produce cytotoxic compounds produced by sponges 

(Teruya et al. 2004). The last possibility is the presence of 

a bacterial community caused T. hoshinota to be more 

aggressive in killing corals (Wang et al. 2012; Tang et al. 

2011). 

This study concludes that the Coral-killing sponge T. 

hoshinota has been expanding in many reefs across 

Indonesia. T. hoshinota was most abundant on the reef of 

Tikus Island and Dapur Island. The most prevalent coral 

genera in the Seribu Islands infected by T. hoshinota was 

Acropora (Acroporidae) while those in Bengkulu were 

Porites (Poritidae) and Pocillopora (Pocilloporidae). 

Pearson correlation between the live coral cover and T. 

hoshinota cover was not significant, while T. hoshinota 

cover and orthophosphate was significant. This study 

suggests that orthophosphate may play a role invasion of 

T. hoshinota outbreaks. 
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Abstract. Damora A, Ariyogagautama D, Wahju RI, Susanto H, Wang J. 2018. Short Communication: Growth and mortality rate of 

Black Pomfret Parastromateus niger (Bloch, 1795) and Silver Pomfret Pampus argenteus (Euphrasen, 1788) in Paloh Waters, West 

Kalimantan, Indonesia. Biodiversitas 19: 2247-2251. Three species of pomfret fish were caught in Paloh waters including Parastromateus 

niger, Pampus argenteus, and Pampus chinensis. P. niger and P. argenteus which were more dominant than P. Chinensis. Pomfret 

fishing in the Paloh waters is not carried out throughout the year, but generally only in August to October every year. The main fishing 

gear used was drift gill net. Data on the growth parameter and mortality of the pomfret fish is required as an effort for the management 

of this fish. This study was aimed to estimate the growth and mortality rate of P. niger and P. argenteus in Paloh waters, located in West 

Kalimantan. This study was conducted from April 2014 to June 2017. The fish samples were collected by catching the fish using drift 

gill net used by the fishing vessels. The data were analyzed using an analytic model and run using ELEFAN 1 software and Length-

converted Catch Curve on FISAT II software. The result showed that von Bertalanffy growth parameters covering growth curvature (k), 

asymptotic length (L∞), and the age of fish in length zero (t0) was 0.26 year-1, 46.2 cm TL and -1.85 years for P. niger and 0.53 year-1, 

46.2 cm TL and -0.88 years for P. argenteus. The von Bertalanffy growth function for P. niger as Lt = 46.2[1-e-0.26 (t+1.85)] and for P. 

argenteus as Lt = 46.2[1-e-0.53 (t+0.88)]. These functions described the expected or average length at a time (age). Total mortality rate (Z), 

natural mortality rate (M) and fishing mortality (F) were 0.93 year-1, 0.29 year-1 and 0.64 year-1 for P. niger and 1.68 year-1, 0.47 year-1 

and 1.21 year-1 for P. argenteus. Exploitation rate (E) was 0.68 year-1 for P. niger and 0.72 year-1 for P. argenteus. The growth of P. 

niger is slower than the growth of P. argenteus and the fishing mortality of P. argenteus is higher than P. niger’s. Both of the 

exploitation rates indicated that the fish resources are over-exploited. 

Keywords: Growth, mortality, paloh, pomfret fish, population 

INTRODUCTION 

The coast of Paloh is part of Sambas District region, 

West Kalimantan. The length of the coastline is around 63 

km and is included in fisheries management area (FMA) 

Republic of Indonesia 571 North Natuna Sea (South China 

Sea). Capture fisheries production in FMA 571 reached 

45,013.38 tons in 2016 (BPS Sambas 2017). 

The major catches of marine fishes from Sambas 

District consist of neritic tuna, big-eye snapper, mackerel, 

sardine, scad, travel, and pomfret fish. There are three 

species of pomfret fish caught in Paloh waters, namely 

Parastromateus niger, Pampus argenteus and Pampus 

chinensis. P. niger and P. argenteus were more dominant 

than P. chinensis. Pomfret fish is not fished throughout the 

year, generally only from August to October in each year. 

The main fishing gear used is drift gill net. 

Biological information about P. niger and P. argenteus 

is required to prevent the fish population decline due to the 

high intensity of fishing. These species are economically 

important fish for the people of Paloh and the adjacent 

areas. One of the important biological aspects of the fish to 

be reviewed is growth and mortality rates. Research on the 

growth and mortality rates of pomfret fish in Indonesia was 

previously conducted in Tarakan waters, North 

Kalimantan. The result of the study showed that P. 

argenteus was already over-exploited (Prihatiningsih et al. 

2015). Mohamed et al. (2008) and Amrollahi et al. (2011) 

who conducted similar research on P. argenteus in the 

Persian Gulf of Iran and the Persian Gulf of Iraq, 

respectively. The results of these two studies indicated that 

the species had the growth rate higher than 0.5 year-1. The 

growth rate of P. niger in Taiwan Strait and West Coast of 

India were 0.3157 year-1 and 0.73 year-1, respectively (Tao 

et al. 2012; Khan et al. 1992). The age of P. niger in 

Iranian Coast of Oman Sea was determined at the age 1 to 

6-year-old fish based on otolith cross sections 

(Yadollahvand and Rahnama 2014). 
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The purpose of this study was to find out the growth 

and mortality parameters of P. niger and P. argenteus in 

Paloh waters. This research is expected to be an input for 

the management of these species. 

MATERIALS AND METHODS 

Study area 

This research was conducted by observation on a 

fishing vessel measured 12.5 m in length and 2.5 in width  

and a capacity of 5 GT. The fishing target was pomfret fish 

sampled in coastal waters of Paloh Subdistrict, Sambas 

District, West Kalimantan Province, Indonesia. This study 

was conducted from April 2014 to June 2017. All of the 

fish samples caught by by drift gillnet were measured for 

their total length followed by the fish identification. 

Data analysis 

The first caught size average (SL50) calculation used an 

escape vent selectivity approach with a logistic function 

(Sparre and Venema 1992). The formula used is as follows: 

 

 

 

 
 

Figure 1. The sampling sites of Parastromateus niger and Pampus argenteus in the Paloh waters, West Kalimantan, Indonesia 
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SL50 =  

 

Where: 

SL50  : Fish with L length caught is divided by fish 

with length escaped from fishing gear 

a and b : Curve parameter (a<0 and b>0), so the length 

at 50% caught (SL50) same with –a/b 

 

Growth parameter (K and L∞) was determined by 

ELEFAN I method referring to Pauly (1987) based on the 

von Bertalanffy equation as follows.  

 

Lt: L∞ (1 – e –k (t – to)) 

 

Where:  

Lt : Total length of fish on the age of t (cm) 

L∞ : Asymptotic length (cm) 

k : Growth curvature 

 

k value was obtained by tracing the total length data of 

fish from month to month. The growth parameter t0 was 

calculated by the equation of Pauly (1987) as follows: 

 

log (-t0) = -0,3922 - 0,2752 log (L∞) - 1,038 log (k) 

 

The total mortality rate (Z) was estimated by the fish 

catch curve method using slope (b) and Ln N/t with relative 

age according to Pauly (1990) formula as follows: 

 

Ln N/t = a – Zt  

 

Where: 

N : The number of fish in the t period 

t : The period needed for growing a length class 

a : Fish catch result conversed towards length  

 

Meanwhile, the natural mortality of fish was assumed 

using Pauly empirical formula (1990) as follows. 

 

Log M = -0,0066-0,279 Log + 0,654 Log k + 0,4534 

Log T 

 

Where: 

M : Natural mortality rate  

L : Maximum total length (mm) 

k : Growth rate (mm/year) 

T : Temperature (oC) 

 

For the mortality rate due to fishing was obtained by 

reducing the total mortality rate (Z) with natural mortality 

rate (M) or F = Z-M and the rate of exploitation (E) was 

calculated as E = F/Z (Sparre and Venema 1992).  

RESULTS AND DISCUSSION 

Length distribution 

The number of samples reached 401 specimens for P. 

niger and 844 for P. argenteus. The length frequency 

distribution of these species in research location was a 

quite narrow range of sizes, and there was only one mode 

for each species. The size of both fish captured ranges were 

between 12 to 45 cm TL and the mode value was 31 cm for 

P. niger and 35 cm TL for P. argenteus and the longest 

first captured fish (SL50) were 31.6 and 31.8 cm 

respectively were quite similar in Tarakan waters, North 

Kalimantan, however, P. argenteus SL50 value was 15.9 cm 

FL (fork length) (Prihatiningsih et al. 2015). The SL50 value 

was considered high when the size distribution curves to 

the right (Figure 1). Mohammadkhani and Shirangi (2013) 

reported the length frequency range of P. argenteus in 

Oman Sea as 15 to 35 cm FL. Parsa et al. (2017) reported 

the same study in Iranian waters as 10 to 32 cm FL with 

19.97±0.12 cm FL for mean length. Amrollahi et al. (2007) 

found that SL50 and Lm of P. argenteus in the northern 

waters of Persian Gulf were 10.1 cm FL and 19.2 cm FL, 

respectively. An indicator of good fisheries condition was 

shown by higher SL50 value than the length of first maturity 

(Lm). 

Growth function 

The von Bertalanffy Growth Function (VBGF) for P. 

niger was Lt = 46.2[1-e-0.26 (t+1.85)] and P. argenteus was Lt = 

46.2[1-e-0.53 (t+0.88)] (Figure 2). The VBGF showed that the 

maximum age was 12 years for P. niger and 6 years for P. 

argenteus. After reaching those ages, the growth will 

steady or in other words, the fish will face natural death. 

Prihatiningsih et al. (2015) found that the growth for P. 

argenteus caught in Tarakan, North Kalimantan was L∞ = 

37.28 cm FL and k = 0.52 year-1; while in Persian Gulf 

(Iraq) it was discovered that the L∞ = 42.4 cm FL and k = 

0.53 year-1 (Mohammed 2008). In addition, in the Persian 

Gulf (Iran) L∞ was 33.9 cm FL and k was 0.55 year-1 

(Amrollahi et al. 2011). Thus, it showed that k value of P. 

niger was lower compared to P. argenteus which means 

that the growth of P. niger was slower than that of P. 

argenteus. In addition, the VBGF also indicated that P. 

niger took a longer time to reach its maximum length. 

 

 

 

 
 

Figure 2. Length distribution of (a) Parastromateus niger and (b) 

Pampus argenteus from Paloh waters, West Kalimantan, 

Indonesia sampled from April 2014 to June 2017 
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Figure 3. Von Bertalanffy growth function curve of (a) 

Parastromateus niger and (b) Pampus argenteus from Paloh 

waters, West Kalimantan, Indonesia. 

 

 

 
Table 1. Mortality and exploitation rate of (a) Parastromateus 

niger and (b) Pampus argenteus from Paloh waters, West 

Kalimantan, Indonesia 

 

Parameter Parastromateus 

niger 

Pampus 

argenteus 

Total mortality rate (Z) 0.93 1.68 

Natural mortality rate (M) 0.29 0.47 

Fishing mortality rate (F) 0.64 1.21 

Exploitation rate (E) 0.68 0.72 

 

 

 

 

The t0 value was the hypothetical age when the length 

of fish was 0 cm. This parameter was believed as the 

preliminary condition in deciding the point in a set of time 

where species length is zero. Biologically, this was 

meaningless because the growth was started when the 

larvae were bred and already had a length of L (0) if using t 

= 0 in the breeding period. However, L (0) was not an 

estimation of the length in a realistic breeding, because 

larvae did not necessarily grow by following the growth 

model of von Bertalanffy. Thus, this research was 

previously planned for bigger species which had already 

been in an exploitation area (Sparre and Venema 1992). 

There is possibility of growth parameter differences 

between the current and previous research. The calculation 

of growth parameter using different methods or even the 

same methods often showed different results (Paras et al. 

2017). The different L∞ value could be due to the 

estimation was only for the fishing activity in a specific 

location. Similarly, the k value frequently showed 

significant differences. Thus, it was essential to have a 

deeper understanding on the consequences of the 

application of growth parameter in stock assessment model, 

because the population prediction of each model depends 

on data, including age and growth (Lessa and Duarte-Neto 

2004; Damora and Wagiyo 2012; Damora and Baihaqi 

2013). Moreover, different values of L∞ and k are 

associated with the sampling error, variation in fishing 

intensity, or environmental conditions (Taghavi Motlagh et 

al. 2010). 

Mortality parameters 

Natural mortality, fishing mortality, and total mortality 

of P. niger and P. argenteus were derived from the Pauly 

empirical formula (Table 1). The fishing mortality (F) of P. 

argenteus was much higher than that of P. niger and the 

exploitation ratio (E) of both was more than 0.5, indicating 

that two species were exploited in the Paloh waters. 

The estimation of natural death (M) had several 

challenges due to the influence of the estimation model and 

observation location. The variation of natural mortality rate 

(M) is usually considered as stagnant from year to year 

(Pauly et al. 1984). The total mortality rate (Z) was 

determined by the fishing mortality rate from year to year 

(F). The variety of F determined by the different efforts (f) 

for each year. It showed the changes in fishing pressure on 

the fish population. 
Exploitation rate (E) was 0.68 year-1 for P. niger and 

0.72 year-1 for P. argenteus. The yield would reach the 

maximum sustainable yield (MSY) if F equal to M (F=M), 

so E would be optimum if E = F/2F or Eopt = 0.5. The 

result showed that the value of E0.5 of P. niger and P. 

argenteus were over 0.5 which could be concluded that this 

species was overfished. 
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Abstract. Ng CKC, Ooi PAC, Wong WL, Khoo G. 2018. Ichthyofauna checklist (Chordata: Actinopterygii) for indicating water quality 

in Kampar River catchment, Malaysia. Biodiversitas 19: 2252-2274. The limnological habitats are receptors of pollution, thus local fish 

species richness is a plausible biological indicator to reflect the quality of a particular water body. However, database on species 

occurrence that corresponds with the water physico-chemistry constituents is often not available. The problem is compounded by the 

lack of species identification description to assist those working on river and freshwater resource conservation projects. This paper 

attempts to fill the gaps in the context of Kampar River drainage. Based on sampling exercises conducted from October 2015 to March 

2017, an annotated list with visual data for 56 species belonging to 44 genera and 23 families is presented. The water physico-chemistry 

data is also summarized with the corresponding visual data of limnological zones studied. The species diversity results are further 

compared with other local drainages and the correlation between area size and their relationship is expressed by y = 17.627e0.0601x. This 

paper provides species-level identification information for front line practice and demonstrates how the fish taxonomy discipline can be 

adapted for practical application in freshwater resource monitoring and management. 

Key words: biological indicator; freshwater fish; species diversity; water quality.  

Abbreviations: Dissolved Oxygen (DO); Ammoniacal Nitrogen (AN); Total Suspended Solids (TSS); Turbidity (TUR); Iron (FE); 

Nitrite (NO2-N); Nitrate (NO3-N); Phosphate (PO4); Sulphate (SO4). Oxygen Demand at 20°C for 5 days (BOD5); Chemical Oxygen 

Demand (COD). 

INTRODUCTION 

Aquatic ecosystems, such as rivers, are often subject to 

natural and anthropogenic pollution. Hence, limnological 

studies, including fish diversity can serve as a useful 

parameter for monitoring river health (Karr 1981; 

Angermeier and Karr 1994; Grossman et al. 1998; Breine 

et al. 2004; Noble and Cowx 2007; Sedeño-Díaz and López 

2012; Eick and Thiel 2013; Mostafavi et al. 2015). 

However, those familiar with biological indicator literature 

are bound to notice the gap between theory and practice. 

Previous and current works are largely confined to 

concepts, theoretical studies and the correlations between 

fish-based biological indices (e.g. richness, evenness) and 

their environments. While scientific evidences of fish 

community usefulness and success in reflecting freshwater 

quality are plentiful, most papers stop short on showing the 

stakeholders how the species-level biological units can be 

practically identified. Hence the advantages are somewhat 

not fully realized and this has arguably restrained the 

progress of adopting biological indicators. Moreover, the 

unfortunate reality is that a majority of government agency 

officers, researchers, conservation activists and 

community-based action groups lack the species 

identification references that correspond with water quality 

data - and here lies the critical gap.  

In a developing country such as Malaysia and many 

other countries in Asia, the discipline of species taxonomy 

is not a priority in most universities, museums and research 

institutions. In terms of fish taxonomy, many experts in the 

field consider our region is still in the discovery and 

exploratory stage (Kottelat and Whitten 1996; Chong et al. 

2010; Ng et al. 2017). Like many countries in Asia, the 

lack of institutional and funding support in Malaysia has 

acutely affected ichthyological studies and caused 

ichthyologist scarcity although the country hosts 

exceedingly rich aquatic biodiversity. Additionally, 

anthropogenic pollution notwithstanding, Malaysia is 

periodically threatened by natural forcings such as strong 

El Niño event which reduces the volumetric flow and 

concentrates pollutant constituents in the rivers (Ng et al. 

2018). Hence, there is a need for a concise and practical 

approach to assess the river in a timely manner. Clearly, 

two questions that beg to be asked are, how can fish-based 

indicator be successfully applied under such mounting 

constraints and predicaments, and how can the non-

taxonomist, non-ichthyologist, activists or stakeholders 

readily adopt fish as biological indicator to monitor 

freshwater resources? 

For concerns mentioned and to enable freshwater 

resource conservation initiatives to begin and thrive, firstly 

there must be an informative list that enumerates every 

species found in the particular drainage for quick reference. 

Prompted by the gaps, this study had two objectives. The 

first objective was to identify fish species found in the 

studied zones and produce a species reference for 
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monitoring water quality. It was carried out with practical 

interest to assist researchers of other fields, front line 

activists and government agencies who are keen to adopt 

freshwater ichthyofauna as biological indicator to monitor 

freshwater quality. The second objective was the primary 

scientific interest of investigating the species composition 

characteristics in various limnological zones. This deepens 

the understanding of species biogeography in adjacent or 

other regional drainages in the country. The findings may 

be useful to researchers operating in those drainages for 

building their own species list for monitoring water quality 

by the local stakeholders.  

MATERIALS AND METHODS 

Study area 

Kampar River (4° 24' 1.2234" N, 101° 9' 41.724" E) 

was selected for this study as it is a typical Malaysian 

limnological representation of environment, social and 

economic importance (Figure 1). Kampar River is the key 

freshwater source for 93,084 population residing in the 

699.8 km2 Kampar district (DOS 2010) that consists of 

sub-districts namely Jeram, Gopeng, Lawan Kuda, 

Kampar, Kopisan, Kota Baharu, Kuala Dipang, Mambang 

Diawan, Malim Nawar, Tronoh Mines and Sungai Siput 

(S). Therefore, it is crucial that Kampar River’s ecological 

integrity is monitored consistently to ensure the population 

continues to enjoy clean freshwater supply, in particular 

zone B where freshwater is extracted by a local water 

treatment plant. Its fluvial geomorphological character can 

be described as dendritic with highland tributaries, namely 

Geruntum, Ulu Kampar, Geroh and Dipang that originate 

from Titiwangsa Mountainous Range's western foothill 

region, feeding into the 35 km length main river. 

Geographically, it is located in the southern region of Kinta 

Valley in the state of Perak and the catchment covers an 

approximate area of 400 km2 with altitudes ranging from 

2068 m above sea level (asl) at the highest point and 26 m 

asl at the lowest point. The region experiences tropical 

mesothermic microclimate with annual rainfall between 

1827 mm to 3403 mm and daily temperature that ranges 

from 24oC to 32oC (MNRE 2011). 

 

Fish sampling 

The species sampling exercise was conducted on 

monthly basis during daytime over a period of 18 months, 

from October 2015 to March 2017, on 25 m transects along 

each sampling location stratified to zone A, B, C and D 

(Figure 1). Specimens were captured using hand nets (mesh 

size 5 mm), 0.5 m diameter bubu (traditional one-way 

funnel trap), 2.5 m diameter cast nets (mesh size 15 mm), 

and baited hooks and lines. To respect the local indigenous 

custom, no voucher specimens were deposited. Individuals 

encountered were released unharmed at point of capture 

after identification and photography of their morphological 

characters and pigmentation patterns. Only freshly caught 

adults were photographed to ensure their live pigmentation 

composition were recorded. 

 

 

 

 

 
 

Figure 1. Map and location of sampling zones in Kampar River, Perak State, Malaysia 
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Taxonomy reporting 

All species names were crosschecked with Catalog of 

Fishes (Eschmeyer et al. 2017) for the latest valid binomial 

nomenclatures. The genera and species arrangement is in 

alphabetical order and family systematic ranking follows 

Nelson et al. (2016). Species that are currently affected by 

taxonomic uncertainty or could not be identified with 

confidence were recorded with open nomenclature terms 

"aff." and "cf." following Lucas (1986) and Bengtson 

(1988) in taxonomic statements. As the checklist is targeted 

for a wide audience of users of different skill levels, the 

most prominent features of the species were focused in 

identification description. Supplementary commentaries 

were also provided to assist the user identify habitats where 

the species may be typically encountered and the 

precautions when identifying some particular species. 

 

Water quality sampling 

To ascertain the water physico-chemistry values of each 

limnological zone for correlating with species occurrences, 

the corresponding monthly water quality testing exercises 

were carried out. The HACH model DR890 mobile 

colorimeter was deployed to measure in-situ Dissolved 

Oxygen (DO), Ammoniacal Nitrogen (AN), Total 

Suspended Solids (TSS), turbidity (TUR), iron (FE), nitrite 

(NO2-N), nitrate (NO3-N), phosphate (PO4) and sulphate 

(SO4). Water pH was measured with Mettler Toledo’s pH 

meter and a thermometer was used to measure temperature. 

Water samples were also collected and sent to Kenep 

Laboratories (M) Sdn Bhd, which is a MS ISO/IEC 17025 

accredited laboratory, for testing Biochemical Oxygen 

Demand (BOD5) at 20°C for 5 days and Chemical Oxygen 

Demand (COD) parameter. 

 

RESULTS AND DISCUSSION 

A total of 2,441 individuals representing 23 families, 44 

genera and 56 species were encountered. Zone C registered 

the lowest number of species while zone D recorded the 

highest number of species. However, this should not be 

misconstrued as zone D was the least ecologically impaired 

among all zones studied. In fact, zone D was a heavily 

disturbed area and many species encountered were 

introduced species and these are typically regarded as 

negative biological indicators. A total of 16 introduced 

species were recorded in the zones. Zone A recorded the 

highest percentage of native species occurrence (99.7%) 

followed by zone B (65.9%) and zone C (33.3%). As 

expected, species from Cyprinidae (21 species) were 

numerically most abundant in Kampar River catchment, 

followed by Clariidae (four species), Osphronemidae (four 

species) and Channidae (four species). The species 

presence in zone, rank abundance and sympatric 

occurrences of native and introduced species in each zone 

are highlighted in Table 1, Figure 2 and 3. The morphology 

of each species is shown in Figure 4-9. 

 

 

Table 1. Species encountered in studied zones. Marking "+" and 

"*" denote species presence and introduced species respectively. 

 

Family / Species Local name 
Zone 

A B C D 

Notopteridae      
Notopterus notopterus Belida  +   

Cyprinidae      
Barbodes cf. rhombeus Tebal sisik + +  + 

Barbonymus gonionotus* Lampan jawa  + + + 

Barbonymus schwanenfeldii  Lampan  +   
Crossocheilus oblongus Selimang +    
Cyclocheilichthys apogon Cemperas + +   
Cyprinus carpio*    + + + 

Danio albolineata   +    
Esomus metallicus*     + 

Hampala macrolepidota Sebarau + +   
Hypophthalmichthys nobilis* Kap kepala besar  +  + 

Labeo rohita* Rohu   + + 

Labiobarbus leptocheilus Kawan + +  + 

Leptobarbus hoevenii Jelawat siam + +  + 

Leptobarbus rubripinna*  Jelawat  + + + 

Mystacoleucus obtusirostris Sia + +  + 

Neolissochilus soroides Tengas kejor +    
Osteochilus vittatus  Terbol + +   
Poropuntius smedleyi Tengas daun  +    
Puntigrus partipentazona   +  + 

Rasbora vulgaris Seluang + +  + 

Toxabramis cf. houdemeri*     + 

Balitoridae      
Balitoropsis zollingeri  +    
Homalopteroides smithi  Susoh batu +    

Serrasalmidae      
Piaractus brachypomus* Pacu  +  + 

Loricariidae      
Pterygoplichthys disjunctivus*    + + 

Sisoridae      
Glyptothorax schmidti Depu +    

Siluridae      
Silurichthys schneideri Gemang +    

Clariidae      
Clarias aff. batrachus  Keli kayu + +   
Clarias gariepinus* Keli afrika + + + + 

Clarias leiacanthus Keli +    
Clarias nieuhofii Keli limbat +    

Pangasiidae      
Pangasianodon hypophthalmus* Patin  + + + 

Bagridae      
Hemibagrus capitulum Baung  + +  
Mystus singaringan Baung tikus  + + + 

Aplocheilidae      
Aplocheilus panchax Kepala timah  +  + 

Poeciliidae      
Poecilia reticulata* Gupi  +   

Synbranchidae      
Monopterus javanensis Belut  + + + 

Mastacembelidae      
Mastacembelus favus Tilan +    

Ambassidae      
Parambassis siamensis Seriding    + 

Pristolepididae      
Pristolepis fasciata Patong  +  + 
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Cichlidae      
Cichla monoculus*     + 

Mayaheros urophthalmus*     + 

Oreochromis aureus* Tilapia  + + + 

Oreochromis niloticus* Tilapia    + 

Eleotrididae      
Oxyeleotris marmorata Ketutu  +  + 

Anabantidae      
Anabas testudineus Puyu  + + + 

Helostomatidae      
Helostoma temminckii Temakang    + 

Osphronemidae      
Betta pugnax Sepilai batu +    
Trichopodus pectoralis* Sepat siam   + + 

Trichopodus trichopterus  Sepat ronggeng    + 

Trichopsis vittata Karim  +  + 

Channidae      
Channa gachua Haruan kedak +    
Channa lucius Bujuk    + 

Channa micropeltes Toman     + 

Channa striata Haruan  + + + 

        
 

 

Taxonomic accounts 

 

Family NOTOPTERIDAE  

 

Notopterus notopterus (Pallas 1769) 

Common name: Bronze Featherback 

Local name: Belida 

Native range: Southern India, Myanmar, Thailand, 

Sumatra and Java and Malay Peninsula.  

Etymology: Notopterus: Greek, noton = back + Greek, 

pteron = wing, fin 

Description: Body knife-like compressiform, finely 

scaled body, large membranous opercular flap, terminal 

mouth, concave head profile, small dorsal fin, caudal fin 

pointed and continuation from anal fin. 

Comments: Inhabits turbid still deep ponds, wetlands 

and slow flowing canals. Rarely found in the main rivers. 

 

Family CYPRINIDAE  

 

Barbodes cf. rhombeus (Kottelat 2000) 

Common name: Spotted Barb 

Local name: Tebal sisik 

Native range: Mekong Basin, Chao Phraya Basin, 

Maeklong Basins and peninsular Kra Isthmus of Thailand. 

Etymology: Barbodes: Latin, barbus = barbel + Greek, 

oides = similar; rhombeus: Latin, rhombeus = rhombus, 

equilateral geometry.  

Description: Body compressiform with scales, terminal 

mouth, dorsal-fin spine finely serrated, caudal fin forked 

and prominent blotch at dorsal fin anterior base. 

Comments: Inhabits clear or turbid fast, slow and 

stagnant waters. Observed to feed on some plants, aquatic 

arthropods and macroinvertebrates. This species is 

associated with the "catch-all" Puntius complex and work 

is still in progress to clarify its identity. Some members of 

the complex have been reassigned to new genera 

Dawkinsia, Haludaria and Pethia (Pethiyagoda et al. 2012) 

and Barbodes (Kottelat 2013). Currently, members of 

Barbodes are typically told apart by apomorphic markings 

on the body. Specimens found in Perak have been 

frequently cited as B. binotatus (Hashim et al 2012; 

Ikhwanuddin et al. 2017) but we hesitate to adopt the same 

as there are pending taxonomic issues that are well 

explicated in Roberts (1989: 60-61). B. binotatus was 

described from a holotype of Javan origin and the species is 

likely to be restricted to Java, Bali, Lombok and Sumatra 
(Kottelat 2000). Out of 41 species listed in the Barbodes 

genus which are mostly found in the Philippines, Borneo 

and Indonesia, B. rhombeus occurring in Kra Isthmus of 

Thailand (Kottelat 2013) may be the closest congener to 

specimens found in Perak. Farinordin et al. (2017) also 

highlighted recently that they found two morphological 

forms of scale below the lateral line in "B. binotatus" 

encountered in tributaries of Kenyir Lake, Terengganu. 

This opens up the possibility of specimens found in Perak 

could be B. rhombeus or an un-described species. Until the 

uncertainty is resolved, we are citing this species as B. cf. 

rhombeus to highlight the possibilities.  

 

Barbonymus gonionotus (Bleeker 1849) 

Common name: Silver Barb 

Local name: Lampam jawa 

Native range: Java. 

Etymology: Barbonymus: Latin, barbus = barbel + 

Greek, anṓnumos = anonymous; gonionotus: Greek, gōnía 

= angle + Greek, noton = back 

Description: Body strongly compressiform with dorsal 

profile arched, head small, mouth terminal, caudal fin 

forked with light orange anal and pelvic fin. 

Comments: Not native to peninsula Malaysia. The 

species was first introduced for aquaculture in Sungai 

Terengganu and Sungai Perak (Chong et al. 2010). 

Currently it is widespread throughout southeast Asia.  

 

Barbonymus schwanefeldii (Bleeker 1854) 

Common name: Tinfoil Barb 

Local name: Lampam sungai 

Native range: Throughout Sundaic and mainland 

Southeast Asia namely Cambodia, Vietnam, Thailand, 

Malay Peninsula, Borneo and Indonesia. 

Etymology: Barbonymus: Latin, barbus = barbel + 

Greek, anṓnumos = anonymous; schwanefeldii: in honour 

of H. W. Schwanefeld. 

Description: Scaled body, strongly compressiform with 

dorsal profile arched, head small, mouth terminal, caudal 

fin forked with submarginal stripe on orange/red caudal 

lobes. 

Comments: Inhabits slow water lakes and rivers. The 

scientific name is often misspelled as B. schwanenfeldii 

(with an extra “n”) in many reports.  

 

Danio albolineata (Blyth 1860) 

Common name: Pearl Danio 

Local name: (none) 

Native range: Myanmar, Laos, Thailand throughout 

Malay Peninsula to Sumatra. 

Etymology: Danio: Bengalese, dhani = small; 

albolineata: Latin, albus = white + lineatus = lined. 
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Figure 2. Rank abundance, diversity and sympatric occurrences in native species population among studied zones  

 

 

 

 

 

 
 

Figure 3. Rank abundance, diversity and sympatric occurrences in introduced species population among studied zones 
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Description: Caudal fin forked, terminal mouth, 

incomplete lateral line, two pairs of barbels, maxillary 

barbels extending beyond pectoral base, rostral barbels 

extending beyond eye, iridescent blue and orange 

coloration in life. 

Comments: Found in small flowing clear streams 

(width < 2m) in oil palm plantation along the hillsides.  

 

Crossocheilus obscurus Tan & Kottelat 2009  

Common name: Siamese Algae Eater 

Local name: Selimang 

Native range: Sumatra and Malay Peninsula. 

Etymology: Crossocheilus: Greek, krossós = fringe + 

Greek, cheílos = lip; obscurus: Latin, obscurus = obscure, 

unclear, indistinct.  

Description: Scaled body, mouth inferior, caudal fin 

forked, mid-lateral stripe from operculum to caudal fin. C. 

obscurus can be distinguished from the closest congener C. 

oblongus by displaying faded or unclear mid-lateral stripe 

in mature individuals (vs. sharp mid-lateral stripe).  

Comments: Typically found foraging among pebbles 

and rocks in hillside clear fast flowing streams and rapids. 

 

Cyclocheilichthys apogon (Valenciennes 1842) 

Common name: Beardless Barb 

Local name: Cemperas 

Native range: Myanmar, Thailand, Malay Peninsula to 

Indonesia 

Etymology: Cyclocheilichthys: Greek, kyklos = round + 

Greek, cheílos = lip + Greek, ichtys = fish; apogon: Greek, 

a = without + Greek, pogon = chin, beard  
Description: Fine ridges and folds across top and sides 

of head, small black spot on scale bases form longitudinal 

rows along body, mouth terminal, no barbel, caudal fin 

forked and caudal peduncle ocellated. 

Comments: Usually found shoaling in slow moving or 

stagnant water in ex-tin mining lakes, canals, ditches and 

swamps.  

 

Cyprinus carpio Linnaeus 1758 

Common name: Common Carp 

Local name: Kap 

Native range: Basins of Black, Caspian and Aral seas in 

Europe 

Etymology: Cyprinus: Latin, cyprinus = carp; carpio: 

latinized form of carp which was used by the Romans and 

Celtics. 

Description: Scaled overall dark greenish fusiform 

body, two pairs of barbels, caudal fin forked, terminal 

mouth and typically with enlarged rounded abdomen. 

Comments: Not native to peninsula Malaysia. Care 

must be taken during identification process because it is a 

polytypic species having several variant forms to adapt to 

artificial breeding or environmental influences. Wildtype 

inhabits turbid well vegetated large rivers and lakes. 

 

Esomus metallicus Ahl 1924 

Common name: Striped Flying Barb 

Local name: Seluang janggut 

Native range: Salween, Mae Klong, Chao Phraya and 

Mekong basins in Indochina.  

Etymology: Esomus: Latin, e = out of + Greek, sôma = 

body, presumably referring to long maxillary barbels; 

metallicus: Latin, metallum = metal, presumably referring 

to its reflective scales. 

Description: An obvious lateral band beginning from 

behind the eye and extending to the base of the caudal fin, 

caudal fin forked, lateral line does not extend to the anal fin 

(in some cases it does not even reach ventral fin base), 

terminal mouth and extra long maxillary barbels extending 

past pelvic base. 

Comments: This species is regarded as non native to 

peninsula Malaysia by Lim and Tan (2002). It can be found 

shoaling in large numbers in ex-tin mining lakes and still 

water swamps.  

 

Hampala macrolepidota Kuhl & van Hasselt 1823 

Common name: Jungle Perch 

Local name: Sebarau 

Native range: Throughout Sundaic and mainland 

Southeast Asia namely Cambodia, Vietnam, Thailand, 

Malay Peninsula, Borneo and Indonesia. 

Etymology: Hampala: Javanese, hampala is the 

vernacular name for the genus; macrolepidota: Greek, 

makrós = long + Greek, lepdotos = scaled 

Description: Scaled fusiform body, mouth terminal, one 

pair of barbels, caudal fin forked, an obvious black bar 

between the dorsal and pelvic fins and submarginal stripe 

on orange/red caudal lobes. 

Comments: Observed to swim in groups in well-

oxygenated, clear rapids and torrent rivers. It is prized as 

food and sport fish by the locals. 

 

Hypophthalmichthys nobilis (Richardson 1845) 

Common name: Bighead Carp 

Local name: Kap kepala besar 

Native range: China. 

Etymology: Hypophthalmichthys: Greek, hypo = under 

+ Greek, ophthalmos = eye + Greek, ichthys = fish; nobilis: 

Latin, nobilis = noble, or celebrated. 

Description: Large scaled body with small scattered 

black spots, mouth terminal slanting upwards, lower jaw 

extends slightly over upper jaw, without barbel, caudal fin 

forked and numerous keels extending from pelvic base to 

anus. 

Comments: Not native to peninsula Malaysia. It is a 

popular food fish that is extensively farmed. Feral 

population typically inhabits large and deep lakes.  

 

Labeo rohita (Hamilton 1822) 

Common name: Rohu 

Local name: Kap india 

Native range: Pakistan, Nepal, India, Bangladesh, Sri 

Lanka and Myanmar. 

Etymology: Labeo: Latin, labeo = with large lips; 

rohita: Sanskrit, rohita = blood or reddish carp. 

Description: Slightly reddish/brownish fins, scaled 

body, caudal fin forked, blunt snout, lips papillose and 

terminal mouth with maxillary barbels concealed in lateral 

groove. 
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Comments: Not native to peninsula Malaysia. 

Extensively bred by the local aquaculture farms and 

escapee population inhabits large pond and deep lakes with 

semi-aquatic vegetation.  

 

Labiobarbus leptocheilus (Valenciennes 1842) 

Common name: (none) 

Local name: Kawan 

Native range: Indochina, Malay Peninsula, Sumatra, 

Borneo and Java.  

Etymology: Labiobarbus: Latin, labium = lip + Latin, 

barbus = barbel; leptocheilus: Greek, lepto = fine or thin + 

Greek, cheilos = lip, edge or margin. 

Description: Body with noticeable longitudinal stripes 

formed by small black mark on each scale, mouth terminal, 

caudal fin forked with long dorsal fin. 

Comments: A pelagic fish that inhabits clear flowing 

waterways and feeding on organic detritus, benthic algae, 

phytoplankton, periphyton, small crustaceans and aquatic 

insect larvae.  

 

Leptobarbus hoevenii (Bleeker 1851) 

Common name: Sultan Fish 

Local name: Jelawat  

Native range: Thailand, Malay Peninsula, Borneo, 

Sumatra and Java. 

Etymology:  Leptobarbus: Greek, leptós = slender + 

Latin, barbus = barbel; hoevenii: in honour of Jan van der 

Hoeven. 

Description: Scaled plain colored fusiform body, a 

black blotch behind opercle, caudal fin forked, mouth 

terminal, two pairs of barbels, lateral line ending below 

middle of caudal base and head straight to slightly concave 

profile.  

Comments: A pelagic fish that inhabits clear running 

waters and intolerant to low dissolved oxygen level. It 

feeds on plant-based detritus, zooplankton and small 

macroinvertebrates. This species is often misidentified as 

L. rubripinna and the details of difference is described in 

Tan and Kottelat (2009: 39-40). Specimens found in 

Kampar region are most probably escapees from the 

aquaculture farms. 

 

Leptobarbus rubripinna (Fowler 1937) 

Common name: Red-finned Cigar Shark 

Local name: Jelawat siam 

Native range: Mekong and Chao Phraya basins. 

Etymology: Leptobarbus: Greek, leptós = slender + 

Latin, barbus = barbel; rubripinna: Latin, rubra = red + 

pinna = fin.  

Description: L. rubripinna can be mainly distinguished 

from congener L. hoevenii with anal and caudal fin lobes 

rounded and reddish (vs. pointed and dark grey). 

Comments: Not native to peninsula Malaysia and 

typically misidentified as L. hoevenii. Commonly bred in 

aquaculture industry as replacement to L. hoevenii as a high 

value food fish (i.e. L. hoevenii is becoming rare due to 

overfishing). Feral population may be found in rivers, lakes 

and it has a better tolerance to low dissolved oxygen level 

in waters than L. hoevenii. 

Mystacoleucus obtusirostris (Valenciennes 1842) 

Common name: (none) 

Local name: Sia 

Native range: Throughout Sundaic and mainland 

Southeast Asia namely Cambodia, Vietnam, Thailand, 

Malay Peninsula, Singapore, Borneo and Indonesia. 

Etymology: Mystacoleucus: Greek, mystax = whiskered 

+ Greek, iusculus = slightly, or somewhat; obtusirostris: 

Latin, obtusus = blunt + Latin, rostrum = snout or beak. 

Description: Most scales with black base, mouth 

terminal, dorsal-fin with black anterior and distal margins, 

and caudal fin forked with black distal margin. It has an 

obscure procumbent predorsal spine pointing towards the 

snout. 

Comments: Inhabits fast rocky streams and well 

oxygenated swamps. It may be referred to as M. 

marginatus in many reports before it was revised by 

Kottelat (2013). 

 

Neolissochilus soroides (Duncker 1904) 

Common name: Copper Mahseer 

Local name: Tengas 

Native range: Thailand, Cambodia and Malay 

Peninsula.  

Etymology: Neolissochilus: Greek, neos = new + 

Greek, lissos = smooth + Greek, cheilos = lip; soroides: 

Soro = Javanese name for Tor soro + Greek, ides = 

descendant of, i.e. "like soro"  

Description: Scaled bodied, caudal fin deeply forked, 

cheek with tubercles, mouth terminal and dorsal fin spine 

not serrated with lateral-line scales 20-24, usually 22, and 

predorsal scales 8-10. Due to trophic polymorphism N. 

soroides has three mouth types, namely normal, truncated 

and lobed. 

Comments: Only found in well oxygenated and intact 

forested flowing streams and rivers with sandy and rocky 

bottoms. This species is often misidentified as N. 

hendersoni which only has lateral-line scales 18-22, usually 

20, and predorsal scales 6-8. Moreover N. hendersoni has 

so far only been recorded in northern Malay Peninsula, 

namely in the regions of Penang, Kedah, Langkawi and 

Kelantan (Khaironizam et al. 2015). It is also often 

misidentified as sympatric species Poropuntius smedleyi 

which has lateral-line scales 27-28 and slightly longer 

caudal fin lobes.  

 

Osteochilus vittatus (Valenciennes 1842) 

Common name: Bonylip Barb 

Local name: Terbul 

Native range: Throughout Sundaic southeast Asia 

namely Cambodia, Vietnam, Thailand, Malay Peninsula, 

Singapore, Borneo and Indonesia. 

Etymology: Osteochilus: Greek, osteon = bone + Greek, 

cheilos = lip; vittatus: Latin, vitta = ribbon, band or stripe. 

Description: Scaled bodied with some orange/red scale 

bases, caudal fin deeply fork, mouth terminal, lateral side 

of upper lip thick with many folds and long dorsal fin. 

Comments: Found in turbid streams, rivers and 

wetlands, and has tolerance to low dissolved oxygen level 

in waters. Bony but prized as food fish by the locals. 
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Figure 4. A. Notopterus notopterus; B. Barbodes cf. rhombeus; C. Barbonymus gonionotus; D. Barbonymus schwanefeldii; E. 

Crossocheilus obscurus; F. Cyclocheilichthys apogon; G. Cyprinus carpio; H. Danio albolineata; I. Esomus metallicus; J. Hampala 

macrolepidota; K. Toxabramis cf. houdemeri; L. Hypophthalmichthys nobilis. Bar = 1 cm 
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Poropuntius smedleyi (de Beaufort 1933) 

Common name: (none) 

Local name: Tengas daun 

Native range: So far the species is only reported in 

Malay Peninsula (type locality: Johor).  

Etymology: Poropuntius: Greek, poros = porous + 

Greek, punctum = pointed; smedleyi: in honour of 

Norman Smedley. 

Description: Scaled bodied, caudal fin deeply forked 

and mouth terminal. Appears similar to N. soroides but 

with slightly longer caudal fin and dorsal fin spine serrated. 

This species can also be distinguished by lateral-line scales 

27-28 compared to N. soroides with lateral-line scales 20-24. 

Comments: Inhabits well oxygenated and intact 

forested flowing streams and rivers with sandy and rocky 

bottoms. This species is often misidentified as a species 

from the Neolissochilus genus.  

 

Puntigrus partipentazona (Fowler 1934) 

Common name: Tiger Barb 

Local name: Pelampung jaring 

Native range: Mekong, Mae Khlong and Chao Phraya 

basins in Thailand and Malay Peninsula. 

Etymology: Puntigrus: Greek, punctum = pointed + 

Latin, tigris = tiger; partipentazona: Latin, partīre = apart, 

divide up + Greek, penta = five + Latin, zōna = band or belt. 

Description: Scaled bodied, caudal fin deeply forked 

and mouth terminal. Broad black bars on body with one 

across the eye, and red/orange pelvic, dorsal and caudal fins. 

Comments: Found in still water or very slow flowing 

water in the weedy marginal zones of ponds, lakes and 

wetland.  

 

Rasbora vulgaris Duncker 1904 

Common name: Malayan Rasbora 

Local name: Seluang 

Native range: Endemic to Malay Peninsula (Lumbantobing 

2014). 

Etymology: Rasbora: Indian = fish; vulgaris: Latin = 

common. 

Description: Scaled elongated bodied, mouth terminal 

with a symphseal knob that fits into a depression in the 

maxilla, gape not larger than eye diameter, barbels absent, 

and caudal fin deeply forked with caudal peduncle 

ocellated with a metallic dark green spot. Lateral 

pigmentation features follow Kottelat (2005) and 

Lumbantobing (2014) under the Lateristriata subgroup. 

Comments: Inhabits hillside streams, rivers and also 

lowland wetlands with sandy-gravel substrate. It is highly 

adaptable to fast, slow and still waters. This species is 

sometimes misidentified as its closest congener R. paviana.  

 

Toxabramis cf. houdemeri Pellegrin 1932 

Common name: Silver blade-minnow 

Local name: Pimpin 

Native range: Southern China, Hainan Island and 

northern Vietnam (Chen et al. 1987) 

Etymology: Toxabramis: Greek, toxotes = archer + 

abramis = referring to original placement in Abramidinae 

family; houdemeri: in honor of Fernand Édouard 

Houdemer who collected the type in a market in Hanoï, 

Vietnam. 

Description: Scaled slender body, laterally compressed, 

keel extending from anal fin base to between the pectoral-

fin base, serrated dorsal spine, mouth slightly superior, 

barbels absent, and caudal fin deeply forked. 

Comments: Not native to peninsula Malaysia. Large 

feral groups can be found in wetlands heavily disturbed by 

aquaculture activities. Speculated to be introduced together 

with aquaculture carps population from China. Observed 

sold in the fresh market as food species and as live feeder 

fish in the aquarium industry. 

 

Family BALITORIDAE 

 

Homalopteroides smithi (Hora 1932) 

Common name: (none) 

Local name: Susoh batu 

Native range: Mekong, Mae Khlong and Chao Phraya 

basins in Thailand and Malay Peninsula. 

Etymology: Homalopteroides: Greek, homalos = flat + 

Greek, pteron = wing + Latin, oides = likeness; smithi: in 

honour of Hugh M. Smith. 

Description: Depressiform, caudal fin lunate, inferior 

mouth with pectoral fin extending beyond pelvic fin origin. 

Comments: Small individuals are widespread but never 

abundant among smooth rocks and pebbles in fast flowing 

shallow hillside streams and rivers. Observed to feed on 

aquatic macroinvertebrates present in organic detritus 

trapped among the rocks. 

 

Balitoropsis zollingeri (Bleeker 1853) 

Common name: Black Lizard Loach 

Local name: Puting beliung 

Native range: Laos, Vietnam, Cambodia, Thailand, Malay 

Peninsula, Borneo and Indonesia. 

Etymology: Balitoropsis: Balitora = a genus of fish + 

Greek, opsis = appearance, resemblance; zollingeri: in 

honour of Heinrich Zollinger. 

Description: Depressiform, caudal fin lunate, inferior 

mouth with pectoral fin not reaching the origin of the 

pelvic fin. 

Comments: Previously grouped under the Homaloptera 

genus and it is often found sympatrically with 

Homalopteroides smithi thus misidentification is possible.  

 

Family SERRASALMIDAE 

 

Piaractus brachypomus (Cuvier 1818) 

Common name: Red-bellied Pacu 

Local name: Pacu 

Native range: Amazon and Orinoco basins in South 

America.  

Etymology: Piaractus: Greek, piar = fat, greasy + 

Greek, arktos = to bear; brachypomus: Greek, brachy = 

short + Greek, pōma = lid, operculum.  

Description: Strongly compressiform, body finely 

scaled, mouth terminal, two rows of teeth on upper and 

lower jaw, small adipose fin, caudal fin truncated with 

red/orange belly, pectoral, pelvic and anal fin. 

https://en.wiktionary.org/wiki/zona#Latin
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Figure 5. M. Labeo rohita; N. Labiobarbus leptocheilus; O. Leptobarbus hoevenii; P. Leptobarbus rubripinna; Q. Mystacoleucus 

obtusirostris; R. Neolissochilus soroides; S. Osteochilus vittatus; T. Poropuntius smedleyi; U. Puntigrus partipentazona; V. Rasbora 

vulgaris; W. Homalopteroides smithi; X. Balitoropsis zollingeri. Bar = 1 cm.  
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Comments: Not native to peninsula Malaysia and it is 

bred in aquaculture farms as food species. Feral population 

often found in low dissolved oxygen and turbid waters in 

slow flowing rivers and wetlands. Often sympatric with 

other introduced species.  

 

Family LORICARIIDAE 

 

Pterygoplichthys disjunctivus (Weber 1991) 

Common name: Vermiculated Sailfin Catfish 

Local name: Bandaraya 

Native range: Madeira basin in Bolivia and Brazil. 

Etymology: Pterygoplichthys: Greek, pteryx = wing, fin 

+ Greek, hoplon = weapon + Greek, ichthys = fish; 

disjunctivus: Latin, disjunctivus = disjoin, separated. 

Description: Strongly despressiform, vermiculated 

pattern on ventral surface, mouth inferior, armored skin, 

caudal fin lunate and large dorsal fin. 

Comments: Not native to peninsula Malaysia and 

introduced by the aquarium hobbyist industry. It is 

widespread in slow flowing rivers and wetlands with low 

oxygenated and turbid waters. It also has the capability of 

thriving in mesohaline conditions. 

 

Family SISORIDAE 

 

Glyptothorax schmidti (Volz 1904)  

Common name: (none) 

Local name: Depu 

Native range: Sumatra and Malay Peninsula. 

Etymology: Glyptothorax: Greek, glyptes = carver + 

Greek, thorax = chest; schmidti: patronym could not be 

identified, probably in honour of ichthyologist Petr 

Yulevich Schmidt or biologist Johannes Schmidt.  

Description: Depressiform, scaleless, caudal fin forked, 

barbels four pairs, uniformly dark body with prominent 

pale mid-dorsal and midlateral stripes, and thoracic 

adhesive apparatus present on ventral side. It can be further 

distinguished from other Sundaic congeners by referring to 

Ng and Kottelat (2016). 

Comments: Ubiquitous and inhabits the benthic zone of 

well oxygenated torrential stream and river. The thoracic 

adhesive apparatus is adapted to adhere to rock surface to 

prevent the fish from being swept off by strong currents. It 

is often sympatric with Balitoropsis zollingeri and 

Homalopteroides smithi. 

 

Family SILURIDAE 

 

Silurichthys schneideri Volz 1904 

Common name: (none) 

Local name: Gemang darat 

Native range: South-eastern Thailand, northern Malay 

Peninsula and northern Sumatra.  

Etymology: Silurichthys: Greek, silouros = catfish + 

Greek, odoús = tooth + Greek, ichthys = fish; schneideri: in 

honour Gustav Schneider. 

Description: Without scales, exceptionally small dorsal 

fin, caudal fin rounded, mouth terminal and two long 

barbels. The species propel itself with wavelike flexure of 

long anal fin, normally termed as “ribbon fin”. 

Comments: Found in slow flowing microhabitats with 

submerged decaying tree stumps or other organic debris. 

 

Family CLARIIDAE 

 

Clarias aff. batrachus (Linnaeus 1758) 

Common name: Walking Catfish 

Local name: Keli kayu 

Native range: Restricted to Sundaic region 

Etymology: Clarias: Greek, chlaros = lively; batrachus: 

Greek, batrachos = frog-like, perhaps referring to its 

amphibious ability 

Description: Mouth, scaleless dark body with numerous 

minute white spots, four pairs of barbels with thick fleshy 

bases, caudal fin rounded, dorsal fin extending to caudal 

peduncle and supraoccipital process more or less triangular. 

Comments: Nocturnal and active by night. The species 

inhabits still swamps, canals and ditches with 

soft substrate of organic decaying material and soil 

sediment. Rarely found in the main rivers. The taxonomic 

identity of this species remains unclear and the authorities 

hypothesized that there may be four valid species of 

Javanese, Indian, Indochinese or Sundaland origins. 

Currently, the authorities have classified specimens from 

the Malay Peninsula and Borneo to be C. 

aff. batrachus "Sundaland" until the uncertainty is resolved 

(Ng and Kottelat 2008; Lee and Sulaiman 2015).  

 

Clarias gariepinus (Burchell 1822) 

Common name: African Catfish 

Local name: Keli afrika 

Native range: Africa and Middle East 

Etymology: Clarias: Greek, chlaros = lively; 

gariepinus: in honour of its type locality Gariep River (now 

known as Orange River) in South Africa. 

Description: Scaleless body usually with irregular dark 

blotches on light grey background, white ventral surface, 

mouth terminal, caudal fin rounded, dorsal fin extending to 

caudal peduncle and supraoccipital process pointed. 

Comments: Not native to peninsula Malaysia but 

widespread due to its tolerance to heavily polluted waters. 

It is extensively bred by the local aquaculture industry as 

food species. Feral population inhabits rivers and wetlands 

with soft muddy substrate.  

 

Clarias leiacanthus Bleeker 1851 

Common name: Forest Walking Catfish 

Local name: Keli mata kati 

Native range: Throughout Sundaic and mainland Southeast 

Asia namely Cambodia, Vietnam, Thailand, Malay 

Peninsula, Singapore, Borneo and Indonesia. 

Etymology: Clarias: Greek, chlaros = lively; 

leiacanthus: Greek, leios = smooth + Greek, akanthus = 

spine, thorn.  

Description: Scaleless dark brown body marked with 

vertical rows of yellowish spots, mouth terminal, four pairs 

of barbels, caudal fin rounded and dorsal fin extending to 

caudal peduncle. 

Comments: Individuals are commonly found in forested 

https://en.wikipedia.org/wiki/Latin
https://en.wiktionary.org/wiki/disjunctivus#Latin
https://www.wikiwand.com/en/Ichthyology
http://www.seriouslyfish.com/glossary/s/substrate
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or semi-disturbed freshwater or peat swamps and slow 

streams. It is often sympatric with C. aff. batrachus and C. 

nieuhofii. 

 

Clarias nieuhofii Valenciennes 1840 

Common name: Slender Walking Catfish 

Local name: Keli limbat 

Native range: Throughout Sundaic and mainland 

Southeast Asia namely Cambodia, Vietnam, Thailand, 

Malay Peninsula, Singapore, Borneo, Philippines and Indonesia. 

Etymology: Clarias: Greek, chlaros = lively; nieuhofii: 

in honour of Johan Nieuhof. 

Description: Appearance resembles C. leiacanthus but 

possesses elongated eel-like body. 

Comments: C. nigricans described in eastern Borneo 

(Ng 2003), C. pseudonieuhofii described in western Borneo 

(Sudarto et al 2004) and C. gracilentus described in 

Vietnam (Ng et al. 2011) were reported to be superficially 

resembled C. nieuhofii. Currently these anguilliform 

species are grouped under the "C. nieuhofii" taxonomic 

complex. 

 

Family PANGASIIDAE 

 

Pangasianodon hypophthalmus (Sauvage 1878)  

Common name:  Iridescent Shark, Sutchi Catfish 

Local name: Patin 

Native range: Mekong, Chao Phraya and Mae Klong 

basins. 

Etymology: Pangasianodon: Assamese, pangas = name 

of Pimelodus pangasius in India + Greek, an = without + 

Greek, odon = tooth; hypophthalmus: Greek, hypo = below 

+ Greek, ophthalmus = eyes.  

Description: Scaleless body, mouth terminal, caudal fin 

forked, anal fin extending to caudal peduncle. 

Comments: Not native to peninsula Malaysia but 

widespread in rivers due to escapees from the aquaculture 

industry. Due to its potamodromous nature, the species can 

be found in low oxygenated and turbid down or upriver but 

never in shallow fast waters. Attempt to cross breed non-

native P. hypophthalmus and native Pangasius nasutus has 

successfully produced a hybrid for the aquaculture industry 

(Hassan et al. 2011), thus species identification of P. 

hypophthalmus may be inconsistent due to hybrids that 

may exist in the wild.  

 

Family BAGRIDAE 

 

Hemibagrus capitulum (Popta 1904) 

Common name: (none) 

Local name: Baung 

Native range: Southern Thailand, Sumatra, Malay 

Peninsula and Borneo. 

Etymology: Hemibagrus: Greek, hemi = partial, half + 

Portuguese, bagrus = catfish; capitulum: Latin, capit = head 

+ Latin, ulum = small.  

Description: Scaleless body, depressed head, mouth 

terminal, four pairs of barbels, caudal fin deeply forked 

with upper lobe of caudal fin filamentous, and with adipose 

fin. 

Comments: Usually found in downriver where water is 

lowly oxygenated and turbid. It is also valued as a food fish 

and bred by the aquaculture industry. Often misidentified 

as H. nemurus or H. fortis in many references and literature 

until Ng and Kottelat (2013) clarified their taxonomical 

status and localities; H. nemurus only occurs in Java Island.  

 

Mystus singaringan (Bleeker 1846) 

Common name: (none) 

Local name: Baung tikus 

Native range: Throughout Sundaic mainland Southeast 

Asia namely Cambodia, Vietnam, Thailand, Malay 

Peninsula, Borneo and Indo-Malay archipelago. 

Etymology: Mystus: Greek, mystax = whiskered; 

singaringan: Indonesian, singaringan = vernacular name 

for this species.  

Description: Scaleless light yellow body, depressed 

head, mouth subterminal, caudal fin deeply forked, 

extended adipose fin, four pairs of barbels with maxillary 

barbels reaching beyond anal fin. 

Comments: Usually inhabits slow and turbid down 

rivers and wetlands with soft muddy substrate. 

 

Family APLOCHEILIDAE 

 

Aplocheilus armatus (van Hasselt 1823) 

Common name: Blue Panchax 

Local name: Kepala timah, Mata lalat 

Native range: Pakistan, Nepal, Sri Lanka, India, 

Bangladesh, throughout Sundaic southeast Asia and Indo-

Malay archipelago.  

Etymology: Aplocheilus: Greek, aploe = simple + 

Greek, cheilos = lip; armatus: Latin, armatum = armed, 

armoured.  

Description: Scaled body, mouth terminal, caudal fin 

rounded and a white spot on top of head. 

Comments: Inhabits still freshwater and hypersaline waters 

of shallow vegetated canals, paddy fields, water pockets 

and ditches. It is a larvivorous fish with a reputation as 

biological control for mosquito larva.  

 

Family POECILIIDAE 

 

Poecilia reticulata Peters 1859 

Common name: Guppy 

Local name: Gapi 

Native range: Northern South America, coastal 

drainages Guyana, Suriname, of Venezuela, Trinidad, 

Tobago and the Brazilian states of Amapá and Pará.  

Etymology: Poecilia: Greek, poikilos = variegated, 

embroidered; reticulata: Latin, reticulum = fine mesh, grid.  

Description: Top of head scaled, caudal fin rounded and 

mouth terminal. The species displays sexual dimorphism 

where male has obvious color patterns and a slender 

modified anal fin (gonopdium) while the female is larger 

and colorless. 

Comments: Not native to peninsula Malaysia. It is a 

larvivorous fish and it can tolerate polluted waters in lakes, 

ponds, canals and ditches.  
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Figure 6. Y. Piaractus brachypomus; Z. Pterygoplichthys disjunctivus; AA. Glyptothorax schmidti; AB. Silurichthys schneideri; AC. 

Clarias aff. batrachus; AD. Clarias gariepinus; AE. Clarias leiacanthus; AF. Clarias nieuhofii; AG. Pangasianodon hypophthalmus; 

AH. Hemibagrus capitulum; AI. Mystus singaringan; AJ. Aplocheilus armatus. Bar = 1 cm 
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Family SYNBRANCHIDAE 

 

Monopterus javanensis La Cepède 1800 

Common name: Rice Field Eel  

Local name: Belut sawah  

Native range: Sundaic southeast Asia from Fujian 

(China) to Indo-Malay archipelago.  

Etymology: Monopterus: Greek, monos = one + Greek, 

pteron = fin; javanensis: denoting Java Island.  

Description: Anguilliform scaleless body, gill openings 

at ventral, mouth terminal, pectoral and pelvic fin not 

present, caudal fin pointed and continuation from anal fin. 

Comments: Inhabits shallow water with muddy 

substrate. In previous papers, this species was commonly 

cited as M. albus. However, a study found M. albus to be 

genetically divided into three clades, namely China-Japan, 

Ryukyu Islands, and southeast Asian clades (Matsumoto et 

al. 2010). Until their taxonomic statuses are clarified, 

Kottelat (2013) proposes that the southeast Asian 

population should be cited as M. javanensis and the China-

Japan species population should be cited as M. albus. 

Species found in Ryukyu Islands in Japan has not been 

described and named yet; currently it is simply referred to 

as the “Ryukyuan” population.  

 

Family MASTACEMBELIDAE 

 

Mastacembelus favus Hora 1923  

Common name: Tire Track Eel 

Local name: Tilan 

Native range: Thailand to the Malay Peninsula. 

Etymology: Mastacembelus: Greek, mastax = mouth + 

Greek, emballo = to throw in; favus: Latin, favus = honeycomb 

Description: Anguilliform body, body scales minute, a 

row of short dorsal spines (33-37), anal spine present, short 

flexible and fleshy snout, no pelvic fin, body pattern 

extending to abdomen, caudal fin pointed and continuation 

from anal fin. 

Comments: Inhabits slow unpolluted waters with 

sandy/rocky substrate. The species is usually misidentified 

as M. armatus in many reports. In some reports, it may be 

cited as M. armatus var. favus. However, Roberts (1986) 

clarified that M. armatus has many distinctions from M. 

favus. He also warns that the two species may be sympatric 

in some Thai localities but not in Malay Peninsula. Kottelat 

(2013) recognizes M. armatus and M. favus as two valid 

species. 

 

Family AMBASSIDAE 

 

Parambassis siamensis (Fowler 1937) 

Common name: Glassperch 

Local name: Seriding 

Native range:  Mekong, Mae Khlong , Chao Phraya 

basin in Indochina, Thailand and Malay Peninsula. 

Population in Singapore and Indonesia are introduced 

(Roberts 1994; Ng et al. 1993; Ng & Lim 1997) 

Etymology: Parambassis: Greek, para = near + Greek, 

anabasis = ascending; siamensis: denoting Siam, or 

Thailand.  

Description: Body strongly compressiform, mouth 

terminal, caudal fin forked, eye preorbital bone with 

serration on ridge and edge, deep notch on dorsal fin, 

notable black blotch at spinous dorsal fin and entire body 

appears translucent. 

Comments: Inhabits still water or very slow flowing 

water in the weedy marginal zones of lower rivers, ponds, 

ditches, canals, lakes and wetland. 

 

Family PRISTOLEPIDIDAE 

 

Pristolepis fasciata (Bleeker 1851) 

Common name: Malayan Leaffish 

Local name: Patung 

Native range: Sundaic southeast Asia and Malay-Indo 

archipelago. 
Etymology: Pristolepis: Greek, pristis = saw + Greek, 

lepis = flake, scale; fasciata: Latin, fascia = band, strip, stripe.  

Description: Body strongly compressiform, mouth 

terminal, caudal fin rounded, lateral line interrupted. 

Comments: Inhabits turbid still vegetated ponds, 

wetlands and slow flowing canals. Rarely found in the 

main rivers. 

 

Family CICHLIDAE 
 

Cichla monoculus Spix & Agassiz 1831 

Common name: Peacock Cichlid  

Local name: (none) 

Native range: Brazil, French Guiana, Guyana and Suriname.  

Etymology: Cichla: Greek, kichle = wrasse; monoculus: 

Latin, mono = one + Latin, culus = eye.  

Description: Scaled compressiform body, mouth 

terminal, discontinued lateral line, caudal fin truncated, 

ocellated on posterior end of hypural plate and three broad 

bars with some black spots on yellowish body. 

Comments: Not native to peninsula Malaysia. It was 

first introduced by anglers as game fish into mining pools 

of Batu Gajah and Air Kuning in Perak (DOF 2007). It is 

now widespread in lakes and wetlands. The taxonomic 

diversity and ecological behaviours of cichlid fishes from 

Middle America and Africa are extensively discussed by 

Rican et al. (2017). 

 

Mayaheros urophthalmus (Günther 1862) 

Common name: Mayan Cichlid 

Local name: (none) 

Native range: México, Belize, Nicaragua, Honduras and 

eastern Guatemala, 

Etymology: Mayaheros: Maya = 

Mesoamerican Mayan people + Mayan, heros = hero; 

urophthalmus: Greek, oura = tail + Greek, ophthalm = 

relating to eye.  

Description: Compressiform scaled body, mouth 

terminal, branchiostegal membrane pink/orange, seven 

(sometimes eight) bars on body and dark blotch on 

truncated caudal fin base. 

Comments: Not native to peninsula Malaysia. An 

euritopic species that can tolerate a wide range of 

environment in lowland freshwater lakes, canals, wetlands 

and brackish biotopes.  
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Figure 7. AK. Poecilia reticulata (male.; AL. Poecilia reticulata (female.; AM. Monopterus javanensis; AN. Mastacembelus favus; 

AO. Parambassis siamensis; AP. Pristolepis fasciata; AQ. Cichla orinocensis; AR. Mayaheros urophthalmus; AS. Oreochromis 

aureus; AT. Oreochromis niloticus; AU. Oxyeleotris marmorata; AV. Anabas testudineus. Bar = 1 cm 
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Oreochromis aureus (Steindachner 1864) 

Common name: Blue tilapia 

Local name: Tilapia 

Native range: Northern and Western Africa, and the 

Middle East.  

Etymology: Oreochromis: Greek, oreos= mountain 

+ chromis = fish; aureus: Latin, aurum = golden.  

Description: Compressiform scaled dark body, mouth 

terminal, caudal fin truncated, metallic blue cheek. 

Comments: Not native to peninsula Malaysia and 

introduced by the aquaculture industry. Feral population 

inhabits shallow waters in wetland with sandy substrate 

which the males require to build spawning pits.  

 

Oreochromis niloticus (Linnaeus 1758) 

Common name: Nile tilapia 

Local name: Tilapia 

Native range: Northern and eastern Africa. 

Etymology: Oreochromis: Greek, oreos= mountain 

+ chromis = fish; niloticus: denoting Nile River.  

Description: Compressiform scaled dark body, mouth 

terminal, small vertical stripes throughout depth of 

truncated caudal fin. 

Comments: Not native to peninsula Malaysia and 

introduced by the aquaculture industry. It is also often 

misidentified as sympatric species O. aureus. 

 

Family ELEOTRIDIDAE 

 

Oxyeleotris marmorata (Bleeker 1852) 

Common name: Marble Goby 

Local name: Ketutu 

Native range: Throughout Sundaic southeast Asia 

namely Cambodia, Vietnam, Thailand, Malay Peninsula, 

Borneo and Indonesia. 

Etymology: Oxyeleotris: Greek, oxys = sharp + Greek, 

eleos = bewildered; marmorata: Latin, marmorō = marble. 

Description: Fine scaled body with mottled pattern, 

mouth terminal, lower jaw projecting, head broad and flattened, 

caudal fin rounded and with two separate dorsal fins. 

Comments: Found in ponds, lakes and swamps. Not 

usually found in running rivers and fast rapids. 

Family ANABANTIDAE 

 

Anabas testudineus (Bloch 1792) 

Common name: Climbing perch 

Local name: Puyu 

Native range: Widespread throughout India, throughout 

Sundaic southeast Asia namely Cambodia, Vietnam, 

Thailand, Malay Peninsula, Borneo and Indonesia. 

Etymology: Anabas: Greek, anabasis = climbing up; 

testudineus: Latin, testudo = tortoise + Latin, ineus = made 

from.  

Description: Scaled body, mouth terminal, caudal fin 

rounded, with operculum serrated with spines, dark spot on 

opercle posterior margin and caudal peduncle. Color in life 

ranges from green, olive, light brown to dark. 

Comments: Occurs in muddy, turbid, stagnant water 

bodies. It is an obligate air breather with a distinct ability to 

survive in hypoxic waters or for several days out of water. 

Several species may be confused under the name A. 

testudineus and awaiting further clarification (Kottelat 

2013).  

 

Family HELOSTOMATIDAE 

 

Helostoma temminckii Cuvier 1829  

Common name: Kissing gourami 

Local name: Temakang 

Native range: Widespread throughout Sundaic southeast 

Asia namely Cambodia, Vietnam, Thailand, Malay 

Peninsula, Borneo and Indonesia. 

Etymology: Helostoma: Greek, helo = nail + Greek, 

stoma = mouth; temminckii: in honour of Coenraad Jacob 

Temminck. 

Description: Scaled body strongly compressed laterally, 

caudal fin indented and mouth terminal with brown-colored 

protrusible thick lips. 

Comments: While the variety offered by the 

fishkeeping hobby industry is typically pinkish, the 

wildtype is usually dark green. It is associated with 

moderately turbid and clear water habitats with submerged 

vegetation. 

 

Family OSPHRONEMIDAE 

 

Betta pugnax (Cantor 1849) 

Common name: Penang Betta 

Local name: Sepilai batu 

Native range: Malay Peninsula and Singapore. 

Etymology: Betta: Malay, betah = persistent, or 

resolute; pugnax: Latin, pugnax = combative. 

Description: Head rhombic when viewed dorsally, 

greenish to bluish iridescent spots on the scales and 

operculum, mouth terminal and caudal fin broadly 

lanceolate. 

Comments: Usually found in peripheries of stagnant 

water pockets in hillside streams with overhanging riparian 

vegetation and rocky sandy substrate. Taxonomic and 

distribution account of B. pugnax and other species in the 

Betta genus is discussed and described extensively in Tan 

and Tan (1996) and Tan and Ng (2005) . 

 

Trichopodus pectoralis Regan 1910 

Common name: Snakeskin gourami 

Local name: Sepat siam 

Native range: Mekong and Chao Phraya basins in 

Cambodia, Laos, Thailand, Vietnam and Myanmar.  

Etymology: Trichopodus: Greek, tricho = hair + Greek, 

podus = leg; pectoralis: Latin, pectus = pectoral, breast. 

Description: Mottled lateral stripe across body, mouth 

terminal, caudal fin slightly emarginated, long filamentous 

pelvic fin ray extending posteriorly to caudal fin.  

Comments: Not native to peninsula Malaysia. Capable 

of breathing atmospheric air and can tolerate turbid and 

low oxygenated water in stagnant ponds and swamps. 

  

https://en.wiktionary.org/wiki/marmoro#Latin
https://species.wikimedia.org/wiki/Coenraad_Jacob_Temminck
https://species.wikimedia.org/wiki/Coenraad_Jacob_Temminck
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Figure 8. AW. Helostoma temminckii; AX. Betta pugnax; AY. Trichopodus pectoralis; AZ. Trichopodus trichopterus; BA. Trichopsis 

vittata; BB. Channa gachua; BC. Channa lucius; BD. Channa micropeltes. Bar = 1 cm 

 

 

 

 

Trichopodus trichopterus (Pallas 1770) 

Common name: Three spot gourami 

Local name: Sepat ronggeng 

Native range: Widespread throughout the Sundaic 

mainland southeast Asia and Malay Peninsula. 

Etymology: Trichopodus: Greek, tricho = hair + Greek, 

podus = leg; trichopterus: Greek, tricho = hair + Greek, 

pterón = wing.  

Description: Mouth terminal, two spots on the body, 

caudal fin slightly emarginated, long filamentous pelvic fin 

ray with orange spotted anal and caudal fin. 

Comments: Found in low oxygenated lowland ponds, 

lakes and swamps. Not usually found in running rivers and 

fast rapids. It is often sympatric with other species from the 

Osphronemidae family.  

Trichopsis vittata (Cuvier 1831) 

Common name: Croaking Gouramy 

Local name: Karim 

Native range: Widespread throughout the Sundaic 

mainland southeast Asia and Indo-Malay archipelago.  

Etymology: Trichopsis: Greek, tricho = hair + Greek, 

ópsis = appearance; vittata: Latin, vittatus = stripe, band.  

Description: Body usually with three lateral stripes, 

mouth terminal, caudal fin broadly lanceolate and long 

filamentous pelvic fin ray. 

Comments: Commonly found in lowland swamp habitat 

with dense vegetation. 
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Family CHANNIDAE 

 

Channa gachua (Hamilton 1822)  

Common name: Dwarf Snakehead 

Local name: Haruan kedak 

Native range: Sundaic mainland southeast Asia and 

Indo-Malay archipelago.  

Etymology: Channa: Latin, channe = referring to a 

form of sea perch; gachua: Bengali, gachua = vernacular 

name for this species.  

Description: Scaled body, mouth terminal, red/orange 

margin on long dorsal, anal and rounded caudal fin.  

Comments: Usually found in slow moving waters in 

hillside streams with overhanging riparian vegetation and 

rocky sandy substrate. Conte-Grand et al. (2017) reported 

that species commonly cited as Channa gachua in many 

papers may be erroneous. This species is involved in a 

complex of two widespread phylogenetic lineages. They 

propose that the true C. gachua belongs to the western 

lineage that covers Bangladesh, India, Nepal, Sri Lanka 

and Myanmar (Rakhine region). They also suggest that 

specimens should be cited as C. limbata if they are 

encountered in eastern lineage which covers Myanmar 

towards Vietnam, southern China, Thailand, peninsular 

Malaysia and Indonesia. Until further detailed studies 

emerge to conclusively validate the eastern lineage, this 

paper continues to adopt Channa gachua.  

 

Channa lucius (Cuvier 1831) 

Common name: Forest Snakehead 

Local name: Bujuk 

Native range: Widespread throughout Tenasserim 

mountain range in Myanmar east to the Mekong and south 

to the Indo-Malay archipelago. 

Etymology: Channa: Latin, channe = referring to a 

form of sea perch; lucius: Latin, lucius = light. 

Description: Scaled body, mouth terminal, caudal fin 

rounded, a series of black blotches on body and oblique 

bars on abdomen.  

Comments: Commonly found in lowland swamp habitat 

with dense vegetation and submerged large woody debris 

and snag.  

 

Channa micropeltes (Cuvier 1831) 

Common name: Giant Snakehead 

Local name: Toman 

Native range: Widespread throughout the Sundaic 

mainland southeast Asia and Indo-Malay archipelago. 

Etymology: Channa: Latin, channe = referring to a 

form of sea perch; micropeltes: Greek, mikros = small + 

Greek, pelte = shield. 

Description: Scaled body, mouth terminal, caudal fin 

rounded, blue, green, purple or pink patterns along with 

black irregular lateral stripes on body (juveniles have two 

clear stripes) and prominent canine teeth.  

Comments: Occurs in deep pond, lakes and wetlands.  

 

Channa striata (Bloch 1793) 

Common name: Striped Snakehead 

Local name: Haruan 

 
 

Figure 9. BE. Channa striata. Bar = 1 cm 

 

 

Native range: Pakistan, Peninsula India, Sundaic 

mainland southeast Asia and Indo-Malay archipelago.  

Etymology: Channa: Latin, channe = referring to a 

form of sea perch; striata: Latin, striatus = striped. 

Description: Scaled body, mouth terminal, caudal fin 

rounded, faint chevron bars on body with white ventral 

surface. 

Water quality results and visuals 

A total of 144 water samples were extracted from 

October 2015 to March 2017 in the four studied zones to 

examine the monthly water physico-chemistry variances. 

Visual data for physical quality of each zone and the 

corresponding water physico-chemistry values are 

presented in Figure 10, 11, 12 and 13. 

 

Discussion 

Not only a checklist is a valuable reference for species 

identification, a site specific checklist is also the most basic 

data that reflects the characteristics of local species 

composition for comparison with other localities. As such, 

the data of this study is placed into broader context by 

considering some previous researches in adjoining 

drainages to deepen the understanding of species 

biogeography. The discussion may be useful to researchers 

operating in those drainages for building their own species 

list for monitoring water quality. 

Whilst this study recorded 23 families, 44 genera and 

56 species, literature review reveals that 1) Ikhwanuddin et 

al. (2017) recorded 11 families, 23 genera and 26 species in 

Pelus River catchment; 2) Farinordin et al. (2017) recorded 

a collective total of 14 families, 23 genera and 25 species in 

Sah River, Chepor River and Tambun River located in 

western Ipoh; and 3) Hashim et al. (2012) recorded 33 

families, 71 genera and 107 species in Perak River 

catchment. This implies that Kampar River catchment (400 

km2) harbours a higher level of species diversity compared 

to upper Pelus River (170 km2) and the mentioned river 

catchments (46 km2) located western Ipoh. This is to be 

expected and consistent with the "area" hypothesis first 

proposed by MacArthur (1969). Biogeographically, the 

level of species richness tends to increase in proportion to 

the size of watershed as there are more lentic and lotic 

heterogeneity to drive allopatric and sympatric speciation 

processes (Lohman et al. 2011). Correspondingly, Perak 

River catchment (11,900 km2) recorded a much higher 

diversity. 
 

BE 
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Figure 10. Zone A is located in 4° 27' 11.3322", 101° 13' 14.3256" and the environment may be typically characterised by riverbanks 

that are stable and protected by natural vegetation. There is a mix of riffles, shallow and deep pools to provide habitat heterogeneity 

complexity in the lotic system. The mean average water physico-chemistry values (n=36, mean±SD) measured were DO = 8.97±0.86 

mg/L; BOD5 = 7.03±2.65 mg/L; COD = 21.36±6.80 mg/L; pH = 7.09±0.31; TSS = 43.36±129.39 mg/L; TUR 68.35±206.23 FAU; AN 

= 0.0250±0.0243 mg/L; FE = 0.2386±0.4233 mg/L; NO2-N = 0.0053±0.0029 mg/L; NO3-N = 6.54±3.09 mg/L; PO4 = 0.7081±0.9339 

mg/L; and SO4 = 5.14±6.65 mg/L. 

 

 

 

 
 
Figure 11. Zone B is located in 4° 22' 42.744", 101° 9' 42.4794" and the environment may be typically characterised by evidences of 

past channel incising, aggrading and some recovery. Vegetation gaps existed along the riparian area. No pool or riffle was observed in 

the slow flowing lotic system. The mean average water physico-chemistry values (n=36, mean±SD) measured were DO = 7.62±0.61 

mg/L; BOD5 = 6.86±2.46 mg/L; COD = 19.50±3.60 mg/L; pH = 6.94±0.31; TSS = 29.19±32.66 mg/L; TUR 44.14±44.29 FAU; AN = 

0.0353±0.0305 mg/L; FE = 0.4714±0.4787 mg/L; NO2-N = 0.0051±0.0033 mg/L; NO3-N = 4.47±1.94 mg/L; PO4 = 0.2061±0.1074 

mg/L; and SO4 = 1.69±1.77 mg/L 

 

 

 

 

The evidence from this study combined with other 

studies discussed implies that the relationship between area 

size and species diversity in said catchments can be 

expressed by exponential trend line y = 17.627e0.0601x 

(Figure 14). This can be taken as the ichthyofaunal 

benchmark for guiding future inventory studies in nearby 

or distant drainages in Malaysia or other tropical regions 

with similar fluvial dentritic and geomorphological 

characteristics. The trend line may be refined in the future 

when more inventory records at alpha, beta and gamma 

levels are available in the region.  

Besides empirical outputs, it would be constructive to 

discuss how a species list should be enriched with visual 

outputs for river conservation applications. Since fish-

based studies pertaining to molecular, ecological, 

conservation, aquaculture and water quality indication 

analysis are becoming prevalent, a checklist needs to reach 

out to the widest audience. Whenever possible, full color  
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Figure 12. Zone C is located in 4° 20' 3.6378", 101° 5' 20.3352" and the environment may be typically characterised by riparian 

clearings and channel straightening. Steep banks and failures were prominent. Sediment deposition, sandy and muddy substrates have 

caused the channel to be shallow in certain parts.The mean average water physico-chemistry values (n=36, mean±SD) measured were 

DO = 6.80±0.59 mg/L; BOD5 = 7.25±3.02 mg/L; COD = 21.17±0.19 mg/L; pH = 7.06±0.32; TSS = 43.22±29.14 mg/L; TUR 

57.42±37.65 FAU; AN = 0.0608±0.0483 mg/L; FE = 0.5944±0.3666 mg/L; NO2-N = 0.0164±0.0097 mg/L; NO3-N = 5.12±2.38 mg/L; 

PO4 = 0.2294±0.0961 mg/L; and SO4 = 2.19±1.78 mg/L. 

 

 

 

 
 
Figure 13. Zone D is located in 4° 19' 31.9044", 101° 5' 24.9684" and the environment may be typically characterised by lentic systems, 

mostly isolated ponds and lakes. The region is heavily disturbed by anthropogenic activities. The mean average water physico-chemistry 

values (n=36, mean±SD) measured were DO = 6.01±2.10 mg/L; BOD5 = 5.39±2.26 mg/L; COD = 18.80±3.40 mg/L; pH = 7.26±0.39; 

TSS = 23.03±12.17 mg/L; TUR 30.67±15.94 FAU; AN = 0.1542±0.2090 mg/L; FE = 0.3856±0.2826 mg/L; NO2-N = 0.0166±0.0236 

mg/L; NO3-N = 7.01±2.49 mg/L; PO4 = 1.23±1.01 mg/L; and SO4 = 1.31±1.70 mg/L. 

 

 

 

photographs should be provided for every species to help 

distinguish species from their morphological and 

pigmentation patterns. The standard textual dichotomous 

keys and descriptions are often too complex for non-

ichthyologists to grasp and without photographic aid, it 

may discourage the use of fish as biological indicators. 

Moreover, non-ichthyologists typically have no access to 

holotypes or reference specimens archived in museums, 

and taxonomists are normally too few or too busy to assist. 

There are already far too many checklists and 

ichthyofaunal reports that are published without visual 

supplements and taxonomic errors may cause confusions 

when they are perpetuated in subsequent publications. This 

is well highlighted and discussed by Iglésias et al. (2010). 

In the Sundaic region where the level of biodiversity is 

exceptionally high, species and their congeners may exhibit 

very close resemblances and identification errors are 

possible. It is critically important to provide accurate   
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Figure 14. Exponential curve expressing the relationship between catchment area size and species diversity in adjoining drainages 

 

 

 

 

photographic documentation of fresh specimens to enable 

reassessment by experts so that identification mistakes may 

be conveyed to the author(s) in a timely manner. In the 

advent of cheaper and better cameras and the proliferation 

of online journals, printing cost is no longer an issue for 

papers that are supplemented with color images. This may 

also improve the understanding and stimulate discussion on 

pigmentation, pattern and morphological variation caused 

by phenotypic polymorphism that normally occurs in fishes 

encountered at different limnological regions. It should be 

recognized that a scientific report is openly published for 

sharing data and to invite scrutiny as a way for quality 

control. When published, the visual representation of 

species will be much more widely scrutinized than 

specimens deposited in faraway museums.  

The data presented herein has two limitations. Firstly, 

as mentioned earlier, the studied region is still in 

exploration and discovery phase in terms of ichthyology. 

The check list enumerated herein is preliminary at best and 

the variety of species is expected to increase as more lateral 

and longitudinal surveys along the main river and 

tributaries that feed into Kampar River are carried out in 

the future. Future studies should include night sampling to 

unveil nocturnal species for refining the checklist. 

Secondly, some species taxonomic statuses and valid 

scientific names are still unsettled and problematic 

although they were described long ago, such as Barbodes 

cf. rhombeus, Channa gachua, Clarias aff. batrachus and 

possibly Anabas testudineus that are involved in 

complexes. However, this does not mean that the 

taxonomic statuses of other species are stable. Revision 

shocks in fish taxonomy are common and non-

ichthyologists should not to be distracted by emerging 

nomenclature and taxonomic problems. Contentious 

identification issues take time to be resolved and they are 

inevitable in the field of taxonomy. Such concerns should 

be left to trained ichthyologists to monitor as they have a 

professional duty to validate and update the literature with 

the most current and valid species scientific names. It 

should be stressed that there is currently no universal 

criteria or platform for updating and crosschecking valid 

scientific names in a real time manner. Taxonomic 

nomenclatural consistency for all fish species is an elusive 

ambition, a fact well understood by ichthyologists. 

Therefore it is always important to refer to the most current 

reviews or species descriptions published by the authorities 

to communicate species identity.  

Last but not least, it should be stressed that the 

approaches presented in this paper is not intended to 

replace the expertise of ichthyologists and taxonomists. 

Although their numbers may be few in our region, every 

effort should be made to consult them whenever possible 

for counterchecking species identity to ensure only 

accurate reports are published.  

In conclusion, we show how fish diversity can be 

investigated, enumerated and transformed into direct 

application for monitoring purposes. Report presented 

herein also contains concise details of water quality ranges 

of each limnological zone. Identification descriptions and 

images are also provided to further assist the stakeholders 

who are interested to apply fish as bioindicator for 

freshwater resource monitoring and management. Although 

this study so far has only been on a small scale, the 

approaches and outcomes reported in this paper are 

valuable in a global context. If similar taxonomic 

references that correspond with water-physico-chemistry 

data are provided and practically advanced by researchers, 

globally, more stakeholders and policymakers may apply 

and support freshwater fish as biological indicator for 

monitoring freshwater resources reliably.  
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Abstract. Fouladi Sabet A, Paighambari SY, Pouladi M, Raeisi H, Abbaspour Naderi R. 2018. Bycatch composition of cutlassfish 

trawlers during fishing season in Bushehr and Hormozgan, Persian Gulf, Iran. Biodiversitas 19: 2275-2282. This investigation was 

conducted to determine the bycatch composition of cutlassfish (Trichiurus lepturus) trawlers in Bushehr and Hormozgan waters during 

fishing season 2013. Data collection was carried out in the summer for Bushehr and in the autumn for Hormozgan province for one 

month. All trawler vessels were equipped with a 36 m head rope and 75 mm stretched mesh size in the codend and 90 to 200 mm 

stretched mesh size in the panel. 47 species included 35 species of teleosts, 9 species of elasmobranches and 3 species of invertebrates 

were identified in Bushehr. Also, 48 species included 38 species of teleosts, 7 species of elasmobranches and 3 species of invertebrates 

were identified in Hormozgan. The weight and numerical averages of bycatch species were 25.41 (kg h-1) and 205.9 (n h-1) in Bushehr, 

and 92.58 (kg h-1) and 440.4 (n h-1) in Hormozagan. I. megaloptera, S. tumbil, N. japonicus, D. acuta, C. sexfasciatus, L. equulus in 

Bushehr and P. sextarius, I. megalopteran, M. cinereus, P. macrophthalmus, N. japonicus and S. tumbil in Hormozgan had highest catch 

weight. Based on the weight and number, PCA and nMDS methods were indicative of two different assemblages in hunting places. 

Furthermore, ANOSIM similarity analysis confirmed the results of PCA and nMDS and showed a significant difference in the catch 

composition of two fishing zones. 

Keywords: Bycatch, cutlassfish, trawl, Bushehr, Hormozgan, Persian Gulf  

INTRODUCTION  

The Persian Gulf is a semi-enclosed body of water, 

located in the Middle East. It is bounded by the Shatt al-

Arab river delta in the northwest and by the Strait of 

Hormuz in the southeast. This gulf is bordered by Iran, 

Iraq, Bahrain, Qatar, Kuwait, Saudi Arabia, and the United 

Arab Emirates (UAE). The Gulf supports highly productive 

coastal habitats, including intertidal mudflats, seagrass, 

algal beds, mangroves, and coral reefs (Price 1993; 

Sheppard et al. 2010; Sale et al. 2011). However this Gulf 

encompasses numerous endemic species and a diversity of 

dynamic habitats, it has less biological diversity than the 

adjacent Indian Ocean due to severe ecological situations 

(Khan and Munawar 2002; Sale et al. 2011). According to 

the reports of the United Nations Food and Agriculture 

Organization (FAO), the fishery potential in the Persian 

Gulf is estimated to be 550000 tons or eight times more 

than the Gulf of Oman. A large number of aquatic species 

in the Persian Gulf and Oman Sea have made these two 

ecosystems unique in the world (Kardovani 1995; Sale et 

al. 2011).  

The amount of bycatch depends on the used fishing 

gears and various fishing methods (Rochet et al. 2002; 

Eayrs 2007; Raeisi et al. 2012). Nowadays, bycatch 

production is one of the serious threats to fish stocks by 

commercial fishing and includes about 40.4% of the total 

marine catch which is poured into the sea as discard fish 

(Kennelly 1995; Pauly et al. 2002; Worm et al. 2006; 

Kumar and Deepthi 2006; Davies et al. 2009; Queirolo et 

al. 2011). Huge amounts of bycatch are produced by trawl 

nets in the fishing operations (Harrington et al. 2006). 

According to FAO (2007), the amount of global bycatch 

production was estimated between 17.9 and 395.5 million 

tons (an average of 27 million tons). Shrimp fishing by 

trawl is the main reason for creating the bycatch problem in 

the tropical world which included 27 % of global discard 

fish (FAO 2007). The selectivity of fishing gear is usually 

weak and is largely dependent on target species, 

particularly in the fishing by the bottom trawler which is 

considered as an active fishing gear (Andrew et al. 1995; 

Harrington et al. 2006). Currently, the issue of bycatch and 

the destruction of marine ecosystems has become one of 

the most important problems that could have a very serious 

impact on food security of more than 1 billion people 

which fish are the main source of protein for them 

(Harrington et al. 2006). Trawl nets are standard tools for 

surveying aquatic resources, but at the same time, they 

non-selectively catch fish stocks in marine environments. 

Thus, potentially, they may provide misleading information 

about the fish population (Charles et al. 2011; Raeisi et al. 

2011). Trawl net has a lot of discard fish in the content of 

fishing operation (Alverson et al. 1994). This fishing gear 
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has a very low selectivity in catching fish and catches 

different kinds of commercial and non-commercial species 

(Clucas 1997; Eayrs 2007). Bycatch reduction devices can 

significantly decrease obtained bycatch and discard fish in 

the trawls (Walmsley et al. 2007; Bellido et al. 2011; 

Charles et al. 2011; Raeisi et al. 2011). So far, several 

studies have been conducted on bycatch compositions in 

the Persian Gulf (El Sayed 1996; Valinassab et al. 2006; 

Paighambari and Daliri 2012; Hosseini et al. 2012; Raeisi 

et al. 2012; Eighani and Paighambari 2013; Paighambari 

and Eighani 2016). The main purpose of this study was 

determining the bycatch composition of cutlassfish trawlers 

during the fishing season of cutlassfish (Trichiurus 

lepturus) in Bushehr and Hormozgan waters. The Results 

of this study can provide basic information for sustainable 

fisheries management in the Persian Gulf.  

MATERIALS AND METHODS  

Data collection 

During this project, fishing operations were carried out 

in the two fishing grounds of Bushehr and Hormozgan 

provinces located in the Persian Gulf. Data collection was 

carried out in the summer for Bushehr province and in the 

autumn for Hormozgan province for one month. All trawler 

vessels were equipped with a 36 m head rope and 75 mm 

stretched mesh size in the codend and 90 to 200 mm 

stretched mesh size in the panel.  

Thirty-six hauling operations were conducted in the 

waters of Bushehr province in the summer. The duration of 

each hauling period was between 1.83 and 5.5 hours with 

an average of 3.71 hours in this region. The average speed 

of hauling was 3.5 mph. In terms of position, the 

geographical points of operation were located in the Motaf 

fishing grounds (latitude= 27o 04´ to 27 o 53´ N; longitude= 

51o 03´ to 51o 47´ E) and the hauling area was 71.1038 

square miles. In addition, 37 hauling operations were done 

in the Hormozgan province in the autumn. The duration of 

each hauling period was between 1.16 and 4.16 hours with 

an average of 3.06 in this region. The average speed of 

hauling was 2.84 mph. In terms of position, the 

geographical points of operation were located between 

Hengam Island and Greater Tunb (latitude= 26 o 18´ to 26 o 

22´ N; longitude= 55 o 17´ to 55 o 50´ E ( and the hauling 

area was 485.058 square miles (Fig. 1). The operations 

were mainly carried out at depths between 40 to 75 meter 

in the fishing grounds of Bushehr and Hormozgan 

provinces. All fishes were counted, weighed and identified 

to the species according to Fisher and Binachi (1984) and 

Rivaton et al. (1990). 

 

 

 
 

Figure 1. Location of study areas in the waters of the Persian Gulf, Iran 
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Statistical analysis 

Non-metric multidimensional scaling (nMDS) was used 

to examine similarities of bycatch composition between 

Bushehr and Hormozgan fishing grounds. Data were 

fourth-root transformed to reduce the influence of highly 

abundant taxa. The degree of similarity between samples 

was graphically depicted in the form of an ordination plot, 

which is a multidimensional relationship between all 

samples. Ordinations with stress values less than 0.2 are 

useful for interpreting relationships among samples. 

Because the stress values in some ordinations were near 

0.2, analysis of similarities (ANOSIM) was used to 

consider which fish communities in analyzed groups varied 

statistically. Similarity percentages (SIMPER) was used to 

determine which species were responsible for differences 

between defined groups by ANOSIM (Clarke 1993). All 

multivariate analyses were carried out using PRIMER 

software version 5.2.2. 

RESULTS AND DISCUSSION 

Catch composition 

Identification of fish species is an important step 

towards understanding their biology and optimal 

management of sustainable exploitation of stocks. A 

comprehensive study of the species characteristics at the 

population level and its variability will provide a better 

understanding of the stock situations in the current 

conditions of aquatic ecosystems and the interaction 

between species and ecosystems (Kaymaram 2000). 

According to the trawl fishing methods, bottom and 

midwater trawlers have a high diversity of species in their 

catch composition and selectively catch of all fish in their 

fishing operations (Alverson et al. 1994; Ilona et al. 2001; 

Kumar and Deepthi 2006). Lack of BRDs (Bycatch 

reduction devices) in cutlassfish trawls cause high amounts 

of total bycatch (Raeisi et al. 2011). During this research, 

the proportion of bycatch species to target species was 

0.062 in the Motaf fishing grounds in Bushehr province. 

Among 47 caught species in this region, 35 species 

belonging to 25 families of teleosts, 9 species belonging to 

6 families of elasmobranches and 3 species belonging to 3 

families of invertebrates were identified (Table 1). The 

weight and numerical averages of bycatch species were 

25.41 (kg h-1) and 205.9 (n h-1), respectively. The 

proportion of bycatch weight to target weight was 1 to 13. 

In terms of number, the bycatch species and the target 

species had 17.96 and 82.04 % of total catch, respectively. 

The weight percentages for discard species with 

commercial and non-commercial values and large discard 

species (often elasmobranches) were 50.63, 41.32 and 

8.03% of total bycatch weight, respectively. The numerical 

percentages for these bycatch species were 14.78, 84.79 

and 0.42%, respectively. In addition, teleosts, 

elasmobranches, and invertebrates had 92.21, 6.564 and 

1.226% of the total catch weight, respectively. In terms of 

number, teleosts, elasmobranches, and invertebrates were 

included 99.74, 0.057, and 0.203% of the total catch, 

respectively (Figure 2; Table 1). 

Among the caught bycatch species using trawls, the 

highest weight (6.25 ± 2.47 kg h-1) and numerical (65.2 ± 

26.2 n h-1) averages belonged to Illisha megaloptera. 

Aetomylaeus maculatus with 1.32% of total bycatch weight 

and 20.19% of the caught elasmobranches weight had the 

highest weight average of the elasmobranches. Himantura 
walga with 0.1% of the total bycatch number and 34.09% 

of the caught elasmobranches number had the highest 

numerical average of the elasmobranches. In Hormozgan, 

the proportion of bycatch species to target species was 

0.326 in Hengam Island and Greater Tunb. Among 48 

species, 38 species belonging to 28 families of teleosts, 7 

species belonging to 7 families of elasmobranches and 3 

species belonging to 3 families of invertebrates were 

identified (Table 2). The weight and numerical averages of 

bycatch species were 92.58 (kg h-1) and 440.4 (n h-1), 

respectively. The proportion of bycatch weight to target 

weight was 1 to 2.28. In terms of number, the bycatch 

species and the target species had 37.04 and 62.96 % of 

total catch, respectively (Fig. 1). The weight percentages 

for discard species with commercial and non-commercial 

values and large discard species (often elasmobranches) 

were 61.24, 22.55 and 16.21 of total bycatch weight, 

respectively. The numerical percentages for these bycatch 

species were 60.13, 37.32 and 2.55%, respectively. In 

addition, teleosts, elasmobranches, and invertebrates had 

90.057, 9.708 and 0.235% of the total catch weight, 

respectively. In terms of number, teleosts, elasmobranches, 

and invertebrates were included 98.466, 1.17, and 0.364% 

of the total catch, respectively (Figure 3; Table 2). 

 

 

 
 

Figure 2. Weight (A) and numerical (B) ratio of incidental, 

discard and target species to total catch in Bushehr province 

 

 

 
Figure 3. Weight (A) and numerical (B) ratio of incidental, 

discard and target species to total catch in Hormozgan province 
 



 B IODIVERSITAS 19 (6): 2275-2282, November 2018 

 

2278 

Table 1. Bycatch composition of trawlers during sampling month in Bushehr Province, Iran 

 

Fish species 
Occurrence 

percent % 

Average weight 

(kgh-1) ± SE 

Average number 

(nh-1) ± SE 

Weight 

percent % 

Number 

percent % 

Ilisha megaloptera 100 6.25±2.47  65.2±26.2  26.48 34.37 

Argyrops spinifer 38.88 0.33±0.14  0.31±0.13  1.11 0.116 

Lieognathus equulus 86.11 0.74±0.27  28.35±12.44  2.776 12.268 

Secutor insidiator 5.55 0.034±0.033  0.259±0.25  0.133 0.123 

Acanthopagrus latus 2.77 0.0058±0.0058  0.009±0.009  0.018 030.0  

Carangoides malabaricus 27.77 0.1±0.06  6.25±2.47  0.45 0.199 

Nemipterus japonicus 91.66 3.79±0.98  19.98±6  12.695 8.057 

Upeneus sulphureus 66.66 0.09±0.02  2.98±0.92  0.315 1.218 

Saurida tumbil 100 5.47±0.81  8.31±1.17  20.495 3.832 

Sphyreana putnamiae 33.88 0.55±0.26  3.67±2.55  2.34 2.01 

Alectis indicus 38.88 0.63±0.18  0.25±0.07  2.408 0.119 

Dussumieria acuta 16.66 2.52±2.5  81.3±80.86  8.465 33.646 

Scomberomorus commerson 2.77 0.085±0.085  0.0087±0.0087  0.285 0.003 

Pterois russellii 2.77 0.0034±0.0034  0.009±0090.  0.01 0.003 

Caranx sexfasciatus 44.44 1.57±1.55  0.43±0.14  5.996 0.21 

Carangoides chrysophrys 35.55 0.15±0.05  0.15±0.05  2.352 0.072 

Rachycentron canadum 2.77 0.007±0.007 0.01±0.01 0.039 0.003 

Lagocephalus inermis 27.77 0.2±0.09 0.12±0.04 0.86 0.065 

Netuma thalassina 5.55 0.041±0.035 0.016±0.011 0.148 0.007 

Cyclichthys orbicularis 2.77 0.0018±0.0018 0.009±0.009 0.005 0.003 

Selaroides leptolepis 61.11 0.28±0.08 3.29±1.55 1.132 1.679 

Muraenesox cinereus 16.66 0.12±0.06 0.06±0.02 0.451 0.029 

Stephanolepis diaspros 25 0.016±0.008 0.097±0.031 0.068 0.047 

Megalaspis cordyla 5.55 0.0039±0.0027 0.014±0.01 0.015 0.007 

Pomadasys kaakan 33.88 0.42±0.11 0.14±0.04 1.651 0.072 

Grammoplites suppositus 33.88 0.05±0.01 0.25±0.06 0.198 0.123 

Epinephelus coioides 19.44 0.17±0.09 0.12±0.07 0.542 0.039 

Lutjanus erythropterus 2.77 0.04±0.04 0.02±0.02 0.184 0.01 

Fistularia petimba 16.66 0.004±0.0019 0.076±0.036 0.014 0.029 

Lepidotrigla bispinosa 22.22 0.0087±0.0086 0.18±0.07 0.027 0.076 

Parastromateus niger 8.33 0.017±0.011 0.029±0.018 0.065 0.014 

Psettodes erumei belcheri 5.55 0.026±0.021 0.014±0.01 0.112 0.0007 

Heniochus acuminatus 2.77 0.001±0.001 0.009±0.009 0.005 0.003 

Pseudosynanceia melanostigma 8.33 0.038±0.024 0.09±0.057 0.125 0.036 

Rhinobatos annandalei 16.66 0.111±0.044 0.07±0.02 0.466 0.025 

Sphyrna lewini 2.77 0.009±0.009 0.015±0.015 0.035 0.007 

Aetomylaeus maculatus 2.77 0.55±0.55 0.01±0.01 1.325 0.003 

Torpedo sinuspersici 11.11 0.066±0.033 0.057±0.028 0.264 0.025 

Carcharhinus sorrah 13.88 0.03±0.01 0.03±0.01 1.096 0.0218 

Carcharhinus dussumieri 22.22 0.23±0.08 0.07±0.02 0.919 0.036 

Himantura walga 33.33 0.31±0.09 0.11±0.03 1.252 0.058 

Dasyatis bennetti 22.22 0.23±0.08 0.07±0.02 0.983 0.109 

Aetomylaeus nichofii 11.11 0.07±0.038 0.052±0.027 1.325 0.003 

Sepia pharaonis 69.44 0.34±0.07 2.47±0.49 1.228 1.119 

Penaeus semisulcatus paucidentatus 2.77 0.0002±0.0002 0.009±0.009 0.0008 0.003 

Charybdis hoplites longicollis 8.33 0.0019±0.0016 0.071±0.057 0.007 0.032 

 

 

 

 

Four species of teleosts including Polynemus sextarius, 

Nemipterus japonicus, Trichiurus lepturus, and Saurida 

tumbil were present in more than 90% of the trawl catch 

and they had the highest percentage of occurrence. Among 

the caught bycatch species using trawls, the highest weight 

average belonged to Polynemus sextarius (26.63 ± 11.26 kg 

h-1) and the highest numerical average belonged to Illisha 

megaloptera (198.62 ± 140.13 n h-1). Himantura walga 

with 4.51% of total bycatch weight and 46.5% of the 

caught elasmobranches weight had the highest weight 

average of the elasmobranches fish. Also, Himantura 
walga with 0.79% of total bycatch number and 71.45% of 

the caught elasmobranches number had the highest 

numerical average of the elasmobranches. 

Other studies conducted by trawl nets on the fish stocks 

have also indicated the high diversity of bycatch 

composition in the trawl harvesting activities in the Persian 

Gulf and the Gulf of Oman (Valinassab et al. 2006; 

Paighambari and Daliri 2012; Hosseini et al. 2012; Raeisi 

et al. 2013; Eighani and Paighambari 2013). The bycatch 

composition of cutlassfish trawls has a different catch 

composition in comparison with shrimp trawls in the 

Persian Gulf. Bycatches (discard and incidental) are 

considered to be an important quantity of catches for 
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ecosystem-based fisheries management but generally 

informed data emphasis on landings (Pikitch et al. 2004). 

In this study, the weight ratio of caught cutlassfish was 

12.87 times more than the weight of bycatch in Bushehr 

province which 92.79% belonged target species and 7.21% 

belonged to bycatch species. Also, the weight ratio of 

caught cutlassfish was 2.82 times more than the weight of 

bycatch in Hormozgan province which 72.82% belonged to 

the target species and 27.18% belonged to bycatch species. 

These results indicate that the amount of bycatch in 

Hormozgan is higher than Bushehr which the results are 

consistent with the results of previous studies (Valinasab et 

al. 2006; Reaisi et al. 2012). The differences between the 

number of bycatches in two provinces can be due to 

differences in ecological and habitat conditions. The 

fishing grounds are close to various islands in Hormozgan 

and fish conditions for spawning and feeding are more 

suitable, then their accumulation in these areas is more than 

Bushehr. 

 

 

 

 

Table 2. Bycatch composition of trawlers during sampling month in Hormozgan Province, Iran 

 

Fish species 
Occurrence 

percent % 

Average weight 

(kgh-1) ± SE 

Average number 

(nh-1) ± SE 

Weight 

percent % 

Number 

percent % 

Sphyreana putnamiae 64.86 2.67±0.99 8.58±6.49 2.53 1.64 

Otolithes ruber 45.94 0.36±0.09 0.43±0.1 0.42 0.1 

Pomadasys kaakan 75.67 1.05±0.27 1.26±0.34 1.17 0.29 

Drepane punctata 45.94 0.49±0.13 0.34±0.09 0.54 0.08 

Parastromateus niger 48.64 0.63±0.21 1.29±0.39 0.78 0.33 

Pampus argenteus 37.83 1.31±0.55 2.94±1.23 1.64 0.77 

Alectis indicus 29.72 0.19±0.05 0.16±0.05 0.21 0.03 

Ilisha megaloptera 72.97 17.91±12.61 198.62±140.13 15.5 36.11 

Secutor insidiator 24.32 0.09±0.03 0.47±0.19 0.09 0.1 

Upeneus salphureus 24.32 0.18±0.1 3.81±2.1 0.15 0.65 

Muraenesox cinereus 72.97 9.43±1.6 4±0.66 10.14 0.91 

Nemipterus japonicus 89.18 5.29±1.16 22.52±4.84 5.67 5.06 

Polynemus sextarius 100 25.63±11.26 153.82±65.8 23.42 29.42 

Pennahia macrophthalmus 56.75 9.3±2.47 74.46±20.25 9.62 16.05 

Euthynus affinis 32.43 0.42±0.2 0.26±0.11 0.44 0.06 

Psettodes erumei 13.51 0.11±0.06 0.06±0.03 0.09 0.01 

Argyrops spinifer 37.83 0.21±0.05 0.22±0.05 0.21 0.04 

Selaroides leptolepis 5.4 0.07±0.05 0.08±0.05 0.064 0.11 

Saurida tumbil 8.1 0.07±0.05 0.04±0.02 7.78 2.94 

Scombermorus guttatus 56.75 0.56±0.12 0.76±0.17 0.54 0.15 

Mene maculate 5.4 0.02±0.02 0.18±0.18 0.02 0.03 

Grammoplites suppositus 5.4 0.002±0.002 0.01±0.01 0.003 0.004 

Eleutheronema tetradactylum 5.4 0.07±0.05 0.08±0.05 0.05 0.01 

Rachycentron canadum 8.1 0.07±0.05 0.04±0.02 0.09 0.01 

Scomberomorus commerson 2.7 0.06±0.06 0.009±0.009 0.07 0.002 

Epinephelus coioides 13.51 0.22±0.11 0.04±0.02 0.28 0.01 

Acanthopagrus latus 35.13 0.11±0.03 0.19±0.05 0.13 0.04 

Lagocephalus inermis 8.1 0.04±0.02 0.02±0.01 0.05 0.008 

Caranx sexfasciatus 62.16 0.97±0.19 3.02±0.56 1.93 0.22 

Carangoides chrysophrys 8.1 0.09±0.05 0.03±0.02 0.098 0.008 

Carangoides malabaricus 72.97 3.09±0.79 11.99±3.01 3.17 2.61 

Chirocentrus nudus 27.2 0.12±0.03 0.4±0.13 0.14 0.03 

Terapon jurbua 2.7 0.002±0.002 0.01±0.01 0.002 0.002 

Netuma thalassina 43.24 2.93±1.09 2.41±0.83 2.63 0.45 

Megalaspis cordyla 24.32 0.13±0.05 0.26±0.09 0.16 0.04 

Lutjanus erythropterus 5.4 0.04±0.03 0.01±0.01 0.05 0.004 

Siganus javus 2.7 0.003±0.003 0.006±0.006 0.004 0.002 

Himantura walga 72.97 4.98±1.14 4.06±0.94 4.51 0.79 

Aetobatus narinari 2.7 0.4±0.4 0.01±0.01 0.38 0.002 

Torpedo sinuspersici 27.02 0.5±0.16 0.27±0.09 0.52 0.05 

Sphyrna lewini 2.7 0.017±0.017 0.01±0.01 0.014 0.002 

Carcharhinus dussumieri 45.94 4.84±2.42 1.66±0.77 4.2 0.3 

Rhinobatos annandalei 2.7 0.008±0.008 0.007±0.007 0.01 0.002 

Aetomylaeus nichofii 8.1 0.03±0.02 0.02±0.01 0.048 0.006 

Penaeus merguiensis 21.62 0.017±0.009 0.52±0.26 0.02 0.13 

Sepia pharaonis 54.05 0.2±0.04 1.1±0.25 0.2 0.22 

Charybdis feriata 5.4 0.003±0.002 0.013±0.009 0.005 0.004 
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Figure 4. Comparison of bycatch composition based on the 

weight by Principal Components Analysis (PCA) in Bushehr and 

Hormozgan provinces, Iran 

 

 
Figure 5. Comparison of bycatch composition based on the 

weight by Multidimensional Scaling (nMDS) in Bushehr and 

Hormozgan provinces, Iran 

 
Figure 6. Comparison of catch composition based on the number 

by Principal Components Analysis (PCA) in Bushehr and 

Hormozgan provinces, Iran 

 

 
 

Figure 7. Comparison of bycatch composition based on the 

number by Multidimensional Scaling (nMDS) in Bushehr and 

Hormozgan provinces, Iran 

 

 

 

Comparison of catch composition based on the weight  
The results obtained by comparing the catch 

composition of the fishing operations based on weight by 

PCA and nMDS methods were indicative of two different 

communities in cutlassfish fishing zones in Hormozgan and 

Bushehr provinces. The stress level of 0.19 in nMDS 

analysis indicates that the results are correct. Also, 

ANOSIM similarity analysis confirmed the results of PCA 

and nMDS and showed a significant difference in the 

composition of the two studied fishing communities (P = 

1%, R = 0.849) (Figure 4; Figure 5). 

SIMPER analysis indicated that there is 68.64% of the 

weight dissimilarity in the catch composition in Bushehr 

and Hormozgan. More than 31% of this dissimilarity was 

related to 10 species including Polynnemus sextarius 

(5.2%), Muraenesox cinereus (3.83%), Pennahia 

macrophthalmus (3.03%), Himantura walga (2.68%), 

Leiognathus equulus (2.67%), Carangoides malabaricus 

(2.54%), Sphyreana putnamiae (2.21%), Pomadasys 

kaakan (2.15%), Nemipterus japonicus (2.11%), and 

Carancs sexfasciatus (2.11%). 5 species including Illisha 

megaloptera, Saurida tumbil, Nemipterus japonicas, 

Dussamieria acuta, and Carancs sexfasciatus had the 

highest weight amounts in Bushehr and 5 species including 

Polynnemus sextarius, Illisha megalopteran, Pennahia 

macrophthalmus, Saurida tumbi, and Nemipterus japonicus 

had the highest weight amounts in Hormozgan. 

Comparison of catch composition based on the number  

The results obtained by comparing the catch 

composition of the fishing operations based on the number 

by PCA and nMDS methods were indicative of two 



FOULADI SABET et al. – Bycatch composition of cutlassfish trawlers 

 

2281 

different communities in cutlassfish hunting places. The 

stress level of 0.17 in nMDS analysis indicates that the 

results are correct. Also, ANOSIM similarity analysis 

confirmed the results of PCA and nMDS and showed a 

significant difference in the composition of the two studied 

fishing communities (P = 1%, R = 0.866) (Figure 6; Figure 

7). 

SIMPER analysis indicated that there is 67.68% of the 

numerical dissimilarity in the bycatch composition of 

Bushehr and Hormozgan. More than 38% of this 

dissimilarity was related to 12 species including 

Polynnemus sextarius (6.47%), Leiognathus equulus 

(4.91%), Pennahia macrophthalmus (3.95%), Illisha 

megaloptera (3.87%), Carangoides malabaricus (2.82%), 

Nemipterus japonicus (2.57%), Muraenesox cinereus 

(2.53%), Selaroides leptolepis (2.28%), Upeneus 

salphureus ( .242 %), Sepia pharaonis (2.15%), Himantura 

walga (2.14%), and Sphyreana putnamiae (2.06%). Five 

species including Illisha megaloptera, Dussamieria acuta, 

Leiognathus equulus, Nemipterus japonicus, and Saurida 

tumbil had the highest numerical amounts in Bushehr and 6 

species including Illisha megalopteran, Polynnemus 
sextarius, Pennahia macrophthalmus, Nemipterus 

japonicus, Saurida tumbi, and Carangoides malabaricus 

had the highest numerical amounts in Hormozgan. 

In the study by Hosseini et al (2012) 65% of the 

bycatch assemblages biomass between two fishing areas 

was belonged to N. japonicus (30.5%), I. melastoma 

(12.5%), S. tumbil (8.5%), A. spinifer (6%), D. bennetti 

(4.5%) and A. thalassinus (4%). Valinasab et al (2006) 

have reported spatial variation in biomass for these species 

in the Persian Gulf. Several studies have also reported 

temporal variations in bycatch assemblages in tropical 

regions (Blaber et al. 1990; Gallaway and Cole 1999, 

Tonks et al. 2007; Paighambari and Daliri 2012; Eighani 

and Paighambari 2013). These species exist in estuarine 

and inshore waters. Therefore, considering the effect of 

coastal abiotic factors on these species might be helpful to 

realize recruitment processes in offshore zones and 

describe the observed temporal variations in bycatch 

community (Carpenter 1997). The variations in cutlassfish 

bycatch compositions between two fishing zones can be 

affected by biophysical factors such as salinity, temperature 

and seasonal movement of water masses and biotic factors 

such as phytoplankton blooms. The environmental 

parameters such as salinity, oxygen, and temperature are 

different in the northwest of the Persian Gulf and close to 

the Strait of Hormuz with the center and northeast of the 

Persian Gulf (Kampf and Sadrinasab 2006).  

Most of the species in the bycatch combination are 

commercially valuable aquatic animals. Also, due to the 

type of net design, these species are exploited before 

maturation, and other discard species similarly will be 

destroyed (Valinasab et al. 2006). These species may be 

economically worthless but play an important role in the 

marine life cycle. The maintenance of these worthless 

stocks can prevent excessive exploitation and guarantee the 

sustainable harvesting of important and high-value 

commercial stocks (Morgan et al. 2002; Valinasab et al. 

2005). Recent fisheries rules aim to control fishing efforts, 

nevertheless numerous species are presently overfished and 

fishing effort surpasses that required to extract Maximum 

Sustainable Yield (MSY) for most demersal species in the 

Persian Gulf (El Sayed 1996; Dadzie et al. 2005; 

Grandcourt et al. 2010; Grandcourt 2012). Therefore, 

further studies in these areas and the implementation of 

changes to the equipment, fishing effort, harvesting rules, 

in order to reduce excessive exploitation and pressure on 

the bycatch species of cutlassfish trawlers is crucial. 
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Abstract. Boobalan T, Mohan Rasu K, Arumugam N, Saravanan S, Jothi Basu M, Jeyakanthan J, Arun A. 2018. Studies on the diversity 

of macrofungus in Kodaikanal region of Western Ghats, Tamil Nadu, India. Biodiversitas 19: 2283-2293. We have demonstrated the 

distribution of macro fungal communities in the selected forest territory of Kodaikanal (Poondi) region, which houses about 100 mushrooms 

species diverse forms of mushrooms including both the soil-inhabiting (n = 45) and wood-inhabiting (n = 55) species. Kodaikanal is situated 

on a plateau between the Parappar and Gundar valleys; this area experiences peculiar lower temperature between 8.2°C and 19.7°C, higher 

humidity between 92% and 95%, which in turn enhances the growth of different types of mushrooms throughout the year. However, the 

peak production and macro fungal flushes were observed during the winter season followed by the northeast monsoon (Oct-Dec 2015). A 

total of 100 species belonging to 51 families were documented from this study sites. Moreover, some species (e.g., Ganoderma sp and 

Phellinus sp) persists all around the year in this region. However, some incidents of logging and burning of host trees have resulted in the 

decline of the macro fungal populations in this region. Hence the present study highlights the diversity of macro fungal population and also 

suggests their importance as part of biodiversity conservation.  

Keywords: Basidiomycetes fungi, mushrooms diversity, soil-inhabiting mushrooms, tree-inhabiting mushrooms 

INTRODUCTION 

Mushroom is a seasonal growing macro fungus that 

plays a vital role in terrestrial ecosystem and functions as 

decomposers (Hawksworth 2001; Mueller et al. 2007; 

Prakash 2016; Adeniyi et al. 2018). Fungi are large 

biodiversity group of microorganism in the ecosystem and 

consist of about 1.5 million species across the globe, where 

India ranks third largest fungal diversified country with 

about 2,70,000 species, next to the largest insect biodiversity 

(Manoharachary et al. 2005). There are many varieties of 

mushrooms such as fairy clubs, toadstools, puffballs, 

stinkhorns, earthstars, bird’s nest fungi, jelly fungi and 

these are generally of saprophytic in nature capable of 

using wood as a nutrient source by utilizing a ligninolytic 

enzyme (Karwa and Rai 2010). Mushrooms also play an 

important role in global carbon cycle, in addition, they are 

essential to the survival of other organisms in numerous 

ways, act as source of novel bioactive compounds, 

biocontrol agents, plant pathogens and are also involved in 

the degradation process (Arun et al. 2008; Arun and Eyini 

2011). Wild mushrooms are also becoming more important 

for their nutritional, sensory and especially pharmacological 

characteristics including the significant content of vitamins 

(Günç Ergönül et al. 2013; Heleno et al. 2010). 

In this context, mushrooms have a long history of use in 

oriental medicine to prevent and fight numerous diseases 

through a balanced diet (Valverde et al. 2015). It is very 

important to document and understand the biodiversity at 

regional, national and global level. Because India is one of 

the 17 mega diverse countries of the world and biodiversity 

conservation is the responsibility of every country. 

According to Ministry of Environment and Forest in India 

With only 2.4% of the world’s land area, about 16.7% of 

the world’s human population and 18% livestock together 

contribute about 8% of the known global biodiversity. 

Recently, Gadgil et al. (2011) have raised voice against the 

illegal practices that are spoiling the ecosystem and have 

suggested the need for effective conservation of ecologically 

sensitive areas in the Western Ghats India. Kodaikanal is 

covered with a dense forest of Acacia mearnsii (Australian 

black wattle), eucalyptus and pine, which was introduced in 

the period of 1960s between 1,800 and 2,400 m of 

Kodaikanal surrounding regions for households and 

industry purposes (Rangan et al. 2010). The macrofungal 

forest diversity has been classified based on three main 

factors such as terricolous saprotrophic, wood-inhabiting 

and ectomycorrhizal (EcM) (Kutszegi et al. 2015). Many 

environmental factors are important drivers for the 

diversity of macrofungal species richness. Wood-inhabiting 

fungal communities are host specificity or the amount and 

diameter (Lonsdale et al. 2008), age (Heilmann-Clausen 

2001), decay stage (Heilmann-Clausen et al. 2014), species 

identity (Küffer et al. 2008), complexity (Heilmann-Clausen 
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and Christensen 2005), and spatio-temporal availability of 

dead wood (Halme et al. 2013). The microclimatic 

condition and inside pH of wood also play on important 

role in macrofungal growth (Salerni et al. 2002).  

In this scenario, the aim of the present study is to study 

the distribution and presence of macro fungal species in the 

forest patches of the Kodaikanal (Poondi) region. Also that, 

isolating the sporocarps from mushrooms that were 

cultivated in the laboratory conditions for numerous 

studies. From the collection and diversity documentation, 

we have studied the morphological characters of the 

mushrooms, host specificity, forest-type preference, 

seasonal growth pattern and adaptation over lower 

temperature extremes.  

MATERIALS AND METHODS 

Study area 

The present study area is situated about 45 km 

eastwards from Kodaikanal (Poondi: 10°11'11.63"N and 

77°20'33.89"E; 1981.2 m) (Jan-Dec 2015) (Figure 1). This 

area is surrounded by Kodaikanal Wildlife Sanctuary, 

which is about 60,895.482 hectares (608.95 sq.km) and 

consisted of different macro fungal species. Hand held 

thermo-hygrometer (Mextech™, Mumbai, India) was used 

to record the temperature and relative humidity is 

prevailing in the sampling sites. The average temperature  

of Kodaikanal was about 15.93°C with an average of 

17.29°C in summer (Mar, May, Jun, Jul and Aug) and 

mean winter temperature was about 14.1°C (Dec, Jan and 

Feb) with average annual rainfall of 1,650 and 1,800 mm 

(Rangan et al. 2010). The main reason for selecting this 

region as the study area is due to their peculiar climatic 

features, which enhance the growth of a variety of plants 

like acacia, eucalyptus and pinus (Jan-Dec 2015), which in 

turn influences the growth of mushrooms in the study area. 

Sampling of macrofungi  

A group of 6 people, three at each side of the central 

line walked along transects the length of 20m each end and 

all macro fungi within the transect belt were recorded. We 

have used meter sticks to describe an area of 2m on both 

sides and walked forward the length of transects observed 

the type and number of individual of the species (Ortega-

Martinez and Martinez-Pena 2008). To avoid the double 

counting, after complete the first transect the following 

transects were laid 5m intervals. Each macro fungi species 

within each transect was collected in separate specimen 

bags in order to avoid spore contamination among the 

different specimens, and these were photographed in 

colored and tagged. Morphological features such as size, 

color, shape, and texture of the sporocarps were recorded 

as these features might change with drying. Identification 

of specimen was based on macroscopic and microscopic 

features.  
  

 

 

 
 

Figure 1. Map showing distribution of mushrooms species in Kodaikanal region of Poondi, India  
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Table 1. Overall diversity indexes 

 

Soil habituating Wood habituating 

Shannon-Weiner Simpson Shannon-Weiner Simpson 

    

2.079 1.877 2.025 5.025 

    

 

 

The macroscopic features used were: the cap size, 

shape, color, surface texture and surface moisture, gill 

color, attachment, spacing, lamellules, the stem size, shape, 

surface texture and surface moisture, the presence or 

absence of partial and universal veils, flesh color and 

texture. Using standard protocols, diversity indices such as 

Simpson and Shannon-Weiner diversity indices were used 

(Table 1). 

Identification of mushrooms 

The mushrooms were photographed at the collection 

spot and were identified based on its primary mode of 

nutrients (fungi parasitic on living plant material), very 

fresh dead material, wood-decay fungi, ectomycorrhizal 

fungi and litter-decay fungi found on forest floor according 

to Ferris et al. (2000) and Takahashi and Kagaya (2005). 

Identification was also made based on various specific 

characters such as the diameter of fruiting bodies, cap, 

odor, flesh, gills, stem and veil (Watling 1971). Furthermore, 

monographs, identification keys and field guide of 

mushroom were referred for further species identification 

(Ostry and O’Brien 2010; Kaul 2001). Apart from that 

mushrooms were identified and confirmed by their 

morphological characters using the software identification 

of mushrooms (Discover mushroom, 1997 – Version: 

5.1.2600.5512.); (Det pro, 2000 – Identification of Fungi, 

Kees Uljé, van Dijkstraat 21, 2405 XE Alphen aan den 

Rijn, The Netherlands); (Match maker, 2003, Version 1.10).  

Phenology of mushrooms  

Phenology studies, i.e., the time-scale between fruit 

body appearance and disappearance, was monitored bi-

monthly (throughout the year) and found 80% of the total 

species fruit bodies appeared between July to October and 

disappeared in between March and April. The phenological 

pattern of appearance and disappearance of fruit bodies 

were observed to different across species, in soil and wood 

habiting mushroom. The wood and soil macro fungi with 

the highest fruiting season (of over 12 months) include 

Ganoderma applanatum, Ganoderma austral, Ganoderma 

oregonense, Phellinus igniarius, Phlebia radiate and 

Pleurotus ostreatus. In soil, Amanita muscaria, 

Cheilymenia theleboloides, Rhizopogon roseolus, Russula 

parazurea, Scleroderma areolatum, Scleroderma citrinum, 

Scleroderma cepa. Similarly, Macro fungi in both wood 

and soil possess shorter (compressed) or latent fruiting 

seasons ranging between 1-28 days were mostly members 

of the family Agaricaceae. The rainy months of August to 

October marked the peak of fruit body appearance or 

phenological activity and almost 65% of all fruit bodies 

were observed during this period.  

RESULTS AND DISCUSSION 

Among the collected 100 mushroom species 79 were 

identified at the species level, and 21 were identified as for 

genus level belonging to 51 families from the Kodaikanal 

(Poondi) region of the Western Ghats during the study 

period (2015) (Figures 2-3). Among the species 45 were 

isolated from the soil host surfaces, whereas the remaining 

55 were isolated from the tree host surfaces of tree species 

such as black wattle (n = 42), eucalyptus (n = 3), pinus (n = 

6) and Erythrina indica (n = 4). All these host trees were of 

invasive tree types and were observed to accommodate 

many number mushrooms than that of the other native tree 

species. Also, each tree inhabiting mushroom species was 

observed to dependent only on specific host species.  

Diversity and distribution 

A total of 100 species were collected in both wood and 

soil. Overall diversity index was indicated to wood 

habituating mushrooms have more index regarding 

diversity compared with soil habituating mushrooms (Table 

1). In Soil the identified species belong to 21 families of 9 

orders. Majority of the fungi belonged to the Agaricales (31 

species), followed by the boletes (8 species) while the 

Cantharanthales, Pezizales, Physarales, Polyparels, 

Russulales, and Xylariales were each represented by just a 

single species. The species abundance of the families was 

also assessed. The most abundant family was the 

Agaricaceae with ten species, followed by Psathyrellaceae 

7 species, Boletaceae 4 species, Marasmiaceae 3 species, 

Sclerodermataceae 3 species, Amanitaceae 2 species, 

Suillaceae 2 species, and others are single species. Whereas 

in wood identified species belong to 38 families of 14 

orders. Among Polyporales 18 species and Agaricales 16 

species are contributing in the diversity, followed by others 

species are single.  

Also, the species abundance of the families has also 

assessed in the soil habitutating fungi. The most abundant 

family was the Polyporaceae with eight species, followed 

by Ganodermataceae 4 species, Xylariaceae 3 species, 

Inocybaceae 2 species, Dacrymycetaceae 2 species, 

Tricholomataceae 2 species, Pleurotaceae 2 species, and 

others are present 1 species respectively. From the present 

study site, macro fungal diversity of about 100 mushrooms 

belonging to both the soil inhabiting and wood-inhabiting 

species were documented. The earlier reports suggest that 

total macro fungal diversity of India is about 850 species 

(Kakati and Chutia 2009). Similarly, Arun and Eyini 2011 

reported the macro fungal diversity of about 132 species 

from the Thandigudi region of Kodaikanal, Western Ghats. 

However, those species diversity was quite different from 

the present study. In this study, we found 75 wood 

habituating mushrooms species, among 63 mushroom 

species were sharing rainy and winter season survival, 7 

species were surviving all season (All year round) and only 

2 were surviving in the dry season. Figure 4 where as in 

soil, 70 mushroom species were identified, among 62 

mushrooms were surviving in both rainy and winter 

sessions. Only 8 mushroom species were surviving all 

session (All year round) (Figure 5). 
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Figure 2. Wood-inhabiting mushrooms 

 

 

 

 

Tree inhabiting mushrooms 

Tree host mushrooms were isolated from various 

wooden surfaces mostly during the rainy seasons. They 

include 55 species belong to 38 families (Table 2; Figure 

2). Moreover, the development of sporocarps was basically 

observed to dependent on upon natural condition like 

temperature, precipitation, and dampness. However, some 

other tree host mushrooms were observed throughout the 

year (Jan-Dec 2015) (e.g., Ganoderma australe, 

Ganoderma applanatum and Phellinus sp.) and these 

species were also observed to be completely appended to 

the host trees. Hence these mushroom types are also 

considered as wood spoiling mushrooms.  

Soil-inhabiting mushrooms  

Most of the macro fungal species were isolated from the 

dirt accumulated soil surfaces and were collected during 

the wet and dry seasons. The maximum types of 

mushrooms were isolated during the wet season only (Sep-

Dec). They include 45 species belong to 21 families (Jan-

Dec 2015) (Table 3; Figure 3). Moreover, these macro 

fungal flushes were observed to concurrently produce 

numerous fruit bodies during the downpour as a result of 

the decrease in the ambient temperature. Conversely, some 

other macro fungal species such as Amanita muscaria, 

Russula parazurea, and Scleroderma citrinum were 

observed throughout the year irrespective of seasons.  

Temperature-dependent macrofungal flushes  

Macro fungal flushes were observed to be a temperature 

dependent phenomenon, where the abundant growth was 

observed at winter season (Oct-Dec). Temperature 

prevailing in this region during the winter season was 

observed between 8.8°C (min) and 16.9°C (max) (Figure 

6), with higher humidity range between 92% and 95%. 

Furthermore, the winter season is exactly followed by the 

northwest monsoon in the months between October and 

December. Hence it is likely that rain could trigger the 

germination of the spores and enhance the growth of macro 

fungal populations. Because the flush of the spores was 

observed followed by the continuous drizzle or light rain 

lasting for about 10-15 days. Most of the tree-inhabiting 

mushrooms were found in the dead matter of woods, and 

the spores were observed to be germinated from the basal 

part of the wood where the fall of the direct sunlight is 

avoided. 

Moreover, it was observed that the canopy cover of the 

trees was acting as a shield and maintaining the optimal 

microclimate in the places was these kinds of flushes were 

observed. These observations suggest that lower 

temperature and continuous rain influences the macro 

fungal distribution and its abundance. Also, there were few 

observations on the logging and burning of the host tree 

resources that has eventually resulted in the depletion of 

macro fungal populations (Figure 6). 

Effects of climatic factors on fungal species richness 

Values of fungal species richness, humidity, and 

temperature varied significantly during the year. 

Temperature and humidity showed rather opposing 

patterns, whereas changes in fungal species richness 

matched well with changes temperature (Figure 6). Fungal 

species richness negatively and positively correlated with 

temperature in soil fungi (Estimate =-0.01, SE = 0.007, adj. 

R2 = 0.11, T =-1.9, P = 0.06, whereas a significant positive 

correlation was recorded between fungal species richness 

in wood habitat fungi. Changes in temperature are due to 

seasonal variation caused by humidity and precipitation. 

 



 B IODIVERSITAS 19 (6): 2283-2293, November 2018 

 

2288 

 

 

 
Figure 3. Soil inhabiting mushrooms 
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Table 2. Diversity of wood macrofungi and their phenology, substrate tendency and sociability (WD: Wood Debris, W: Wood) 

  

Order Family Scientific name 
Red data 

list 

Edible/ 

non-edible 

No. of 

ind. 
Phenology Substrate 

Polyporales Fomitopsidaceae Antrodia malicola NA Non-edible 7 Oct-Dec WD 

Agaricales Physalacriaceae Armillaria mellea NA Edible 13 Oct-Nov WD 

Russulales Auriscalpiaceae Artomyces pyxidatus NA Edible 29 Oct-Nov WD 

Auriculariales Auriculariaceae Auricularia auricula NA Edible 31 Sep-Oct W 

Hymenochaetales Schizoporaceae Basidioradulum radula NA Non-edible 20 Aug-Dec WD 

Boliniales Boliniaceae Camarops polysperma NA Non-edible 5 Sep-Oct WD 

Protosteliida Ceratiomyxidae Ceratiomyxa fruticulosa NA Non-edible 19 Sep-Oct WD 

Agaricales Tricholomataceae Clitocybe gibba NA Edible 22 Aug-Nov WD 

Agaricales Psathyrellaceae Coprinopsis lagopus NA Non-edible 27 Sep-Oct WD 

Agaricales Inocybaceae Crepidotus applanatus NA Edible 9 Sep-Oct WD 

Agaricales Crepidotaceae Crepidotus autochthonous NA Edible 51 Sep-Oct W 

Agaricales Inocybaceae Crepidotus mollis NA Edible 14 Sep-Oct W 

Dacrymycetales Dacrymycetaceae Dacrymyces palmatus NA Non-edible 25 Oct-Nov WD 

Dacrymycetales Dacrymycetaceae Dacrymyces capitatus NA Non-edible 16 Oct-Dec WD 

Polyporales Polyporaceae Daedaleopsis confragosa NA Non-edible 10 Sep-Oct WD 

Xylariales Xylariaceae Daldinia concentrica NA Non-edible 3 Oct-Nov W 

Polyporales Ganodermataceae Ganoderma applanatum NA Non-edible 47 TYR W, WD 

Polyporales Ganodermataceae Ganoderma australe NA Non-edible 61 TYR W, WD 

Polyporales Ganodermataceae Ganoderma oregonense NA Non-edible 29 TYR W, WD 

Polyporales Ganodermataceae Ganoderma pfeifferi NA Non-edible 35 Sep-Nov W, WD 

Agaricales Cortinariaceae Gymnopilus decipiens NA Non-edible 60 Oct-Nov W 

Agaricales Strophariaceae Hypholoma fasciculare NA Non-edible 5 Oct-Nov WD 

Polyporales Polyporaceae Laetiporus sulphureus NA Non-edible 23 TYR W, WD 

Polyporales Polyporaceae Lenzites betulina NA Non-edible 40 Sep-Dec WD 

Boletales Hygrophoropsidaceae Leucogyrophana romellii NA Non-edible 26 Oct – Nov WD 

Liceida Tubiferaceae Lycogala terrestre NA Non-edible 5 Oct-Nov W, WD 

Agaricales Agaricaceae Lycoperdon pyriforme NA Non-edible 11 Oct-Nov W 

Polyporales Irpicaceae Meruliopsis taxicola NA Non-edible 14 Oct-Nov W, WD 

Agaricales Marasmiaceae Micromphale perforans NA Non-edible 6 Sep-Nov WD 

Polyporales Polyporaceae Oligoporus fragilis NA Non-edible 27 Oct-Nov W, WD 

Polyporales Polyporaceae Oligoporus caesius NA Non-edible 19 Sep-Nov W, WD 

Agaricales Mycenaceae Panellus stipticus NA Non-edible 12 Sep WD 

Russulales Peniophoraceae Peniophora incarnata NA Non-edible 5 Oct-Nov W 

Russulales Peniophoraceae Peniophora rufomarginata NA Non-edible 5 Aug-Dec W, WD 

Hymenochaetales Hymenochaetaceae Phellinus igniarius NA Non-edible 3 TYR W, WD 

Polyporales Meruliaceae Phlebia radiata NA Non-edible 10 TYR W, WD 

Agaricales Tricholomataceae Phyllotopsis nidulans NA Edible 16 Oct-Nov W, WD 

Boletales Sclerodermataceae Pisolithus arhizus NA Non-edible 3 June-Nov W, WD 

Agaricales Pluteaceae Pluteus cervinus NA Edible 18 Oct-Nov W, WD 

Agaricales Pleurotaceae Pleurotus ostreatus NA Edible 71 Oct-Nov W, WD 

Agaricales Incertae sedis Plicatura crispa NA Non-edible 7 Oct-Nov W, WD 

Agaricales Schizophyllaceae Schizophyllum commune NA Non-edible 33 Oct-Nov W, WD 

Polyporales Sparassidaceae Sparassis crispa NA Non-edible 21 Oct-Nov WD 

Polyporales Steccherinaceae Steccherinum ochraceum NA Non-edible 5 Sep-Dec WD 

Russulales Stereaceae Stereum complicatum NA Non-edible 4 Aug-Nov W, WD 

Thelephorales Thelephoraceae Thelephora terrestris NA Non-edible 5 Oct-Nov WD 

Polyporales Polyporaceae Trametes cervina NA Non-edible 29 Oct-Nov W, WD 

Polyporales Polyporaceae Trametes gibbosa NA Non-edible 40 Aug-Dec W, WD 

Polyporales Coriolaceae Trametes ochracea NA Non-edible 22 Sep-Oct W, WD 

Polyporales Polyporaceae Trametes versicolor NA Non-edible 55 Oct-Nov W, WD 

Trechisporales Trechisporaceae Trechispora mollusca NA Non-edible 20 Sep-Dec W, WD 

Tremellales Tremellaceae Tremella foliacea NA Edible 12 Oct-Nov W, WD 

Xylariales Xylariaceae Xylaria hypoxylon NA Non-edible 4 Sep-Oct WD 

Xylariales Xylariaceae Xylaria polymorpha NA Non-edible 7 Oct-Nov WD 
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Table 3. Diversity of soil-inhabiting mushrooms from Western Ghats region in Dindigul District, India (DLL: Decomposing Leaf Litter, 

S: Soil) 

 

Order Family Scientific name 
Red data  

list 

Edible/ 

non-edible 

No. of  

ind. 
Phenology Substrate 

Agaricales Agaricaceae Agaricus augustus NA Edible 7 Sep-Nov DLL 

Agaricales Agaricales Agaricus arrensis NA Edible 19 Sep-Nov S 

Agaricales Agaricales Agaricus crocodilinus NA Edible 5 Sep-Oct DLL 

Agaricales Agaricales Coprinus comatus NA Edible 4 Sep-Oct DLL, S 

Agaricales Amanitaceae Amanita muscaria NA Non-Edible 23 TYR DLL 

Agaricales Strophariaceae Agrocybe praecox NA Edible 11 Nov-Dec DLL, S 

Agaricales Agaricaceae Bovista plumbea NA Edible 9 Oct-Nov Grass 

Pezizales Pyronemataceae  Cheilymenia theleboloides NA Non-Edible 18 TYR Cow dung, S 

Agaricales Agaricaceae Chlorophyllum molybdites NA Edible 15 Oct-Nov S 

Boletales Gomphidiaceae Chroogomphus rutilus NA Edible 21 Oct-Dec S 

Cantharellales Clavulinaceae Clavulina rugosa NA Edible 6 Oct-Nov S 

Agaricales Psathyrellaceae Coprinus disseminatus NA Edible 20 Oct-Nov DLL, WD 

Agaricales Psathyrellaceae Coprinus domesticus NA Edible 5 Oct-Nov DLL, WD 

Agaricales Psathyrellaceae Coprinus plicatilis NA Edible 10 Sep-Nov DLL, S 

Physarales Physaraceae Fuligo septic NA Non-Edible 4 Oct-Nov Grass 

Agaricales Hygrophoraceae Hygrocybe perplexa NA Edible 37 Oct-Nov DLL 

Agaricales Inocybaceae Inocybe sororia NA Non-Edible 18 Oct-Nov S 

Agaricales Hydnangiaceae Laccaria proxima NA Non-Edible 32 Sep-Nov S, DLL 

Agaricales Agaricaceae Lepiota brebissonii NA Non-Edible 17 Sep-Oct S 

Agaricales Agaricaceae Lycoperdon echinatum NA Edible 18 Sep-Nov S 

Agaricales Agaricaceae Lycoperdon perlatum NA Edible 13 Sep-Dec S 

Agaricales Marasmiaceae Marasmius alliaceus NA Edible 22 Sep-Nov DLL, S 

Agaricales Marasmiaceae Marasmius oreades NA Edible 3 Sep-Oct DLL, S 

Agaricales Marasmiaceae Mycena vitilis NA Non-Edible 11 Sep-Oct DLL, S 

Agaricales Bolbitiaceae Panaeolina foenisecii NA Non-Edible 23 Oct-Nov S 

Agaricales Bolbitiaceae Panaeolus sphinctrinus NA Non-Edible 15 Oct-Nov S 

Polyporales Polyporaceae Polyporus arcularius NA Non-Edible 13 Sep-Nov S, DW 

Xylariales Xylariaceae Poronia punctata NA Non-Edible 10 Sep-Oct Cow dung 

Agaricales Psathyrellaceae Psathyrella candolleana NA Non-Edible 27 Sep-Oct S 

Agaricales Psathyrellaceae Psathyrella obtusata NA Non-Edible 19 Sep-Oct S 

Agaricales Psathyrellaceae Psathyrella senex NA Non-Edible 14 Sep-Oct S 

Agaricales Psathyrellaceae Psathyrella hirta NA Non-Edible 15 Aug-Nov S 

Agaricales Hymenogastraceae Psilocybe cubensis NA Non-Edible 26 Sep-Nov S 

Boletales Rhizopogonaceae Rhizopogon roseolus NA Edible 9 TYR S 

Russulales Russulaceae Russula parazurea NA Edible 117 TYR S 

Boletales Sclerodermataceae Scleroderma areolatum NA Non-Edible 53 TYR S 

Boletales Sclerodermataceae Scleroderma citrinum NA Non-Edible 39 TYR S 

Boletales Sclerodermataceae Scleroderma cepa NA Non-Edible 25 TYR S 

Boletales Suillaceae Suillus granulatus NA Edible 30 July-Dec S 

Boletales Suillaceae Suillus bovines NA Edible 126 Sep-Nov S 

Agaricales Physalacriaceae Xerula radicata NA Edible 41 July-Sep S 

 

 

 

 
Figure 4. Distribution of wood habitat fungal diversity in the 

study area  

 
Figure 5. Distribution of soil habitat fungal diversity in the study 

area  

https://en.wikipedia.org/wiki/Psathyrellaceae
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Figure 6. Generalized linear models showing the relationships between climatic variables and fungal species richness during sampling 

events in the study area 

 

 

 

Soil-inhabiting mushrooms were observed to be more 

during the wet seasons of the year in the dirt accumulated 

soil surfaces. It was suggested that the fruiting process of 

macro fungi requires surplus energy and nutrients at the 

time of their vegetative growth, which is abundant in the 

dirty soil surfaces (Busch and Braus 2007). Similarly, the 

tree-inhabiting macro fungi are also observed to be 

abundant during the wet seasons of the year. 

Environmental factors such as temperature, humidity and 

rainfall are reported to influence the formation of 

sporocarps (Dighton et al. 1981). Soil mushrooms were 

observed to be abundant in the soil enriched with dead and 

decaying leaves. There are studies highlighting the 

importance of dirt richness on the survival and growth of 

saprobic mushrooms (Packham et al. 2002; Gates et al. 

2011). Dirt porosity, type of soil, supplement accessibility 

and pH are the important primary components of the dirt 

development that eventually act as a substrate to the 

mushrooms (Karwa and Rai 2010). Most importantly, 

macro fungal flushes seem to be a temperature dependent 

phenomenon. Because the changes in temperature, 

precipitation are likely to influence the climate changes 

(Kauserud et al. 2008) and the factors affecting fruiting are 

directly and indirectly controlled by the microclimatic 

features (Yang et al. 2012). In the present study, 

microclimatic stability was observed to be influenced and 

maintained by the canopy cover. Greater canopy covers are 

reported to maintain the humidity at high ranges (Hardwick 

et al. 2015), and thereby enhances the fungal growth. 

Moreover, shade tree diversity and forest canopy cover are 

therefore important in maintaining high fungal diversity 

and its production (Ostry N. A.; O’Brien, J.G. 2010). 

Another important factor influencing the macro fungal 

flushes is drizzle or continuous rain lasting for about 10-15 

days. According to Manoharachary et al. (2005) continuous 

rain could favor rapid growth of macro fungi when organic 

matter or its decomposition products are easily available. 

Among the 95 macro fungi species that was observed in the 

study area, there are a few biodynamic mixes having 

tremendous medical functions, e.g., Ganoderma sp: 

anticancer, cell reinforcement, antiviral and antifungal 

properties (Paterson 2006). Based on the study we 

observed that some of the mushroom species (Coprinus sp., 

Amanita muscaria, Agaricus sp., scleroderma sp.) were 

abundantly present soil and wood surfaces throughout the 

year, whereas the organisms such as (Ganoderma pfeifferi, 
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Thelephora terrestris, Lycoperdon sp., Ganoderma 

oregonense) were observed in very rarely in few areas. We 

also observed that the forest fire has substantially reduced 

the biodiversity of mushrooms. Thus it should be avoided 

to restore the biodiversity of mushrooms. Hattori (2001) 

also insists the deforestation and firing could spoil the 

biodiversity of mushrooms to an unpredictable extent. 

Macro fungal biodiversity protection is crucial to other 

environmental biodiversity. In this scenario, it is very 

important to pay attention to the ecologically sensitive 

areas, which confronts the dangers due to mismanagement 

(Gadgil et al. 2011). Macro fungal species are not only 

beautiful but also play crucial roles in decomposition, 

nutrient cycling, contribute to soil structure, health, fruiting 

bodies provide food and medicinally valuable compounds 

(Maser et al. 2008). They are vital to the forest ecosystem 

and are to be essentially conserved. 

In conclusions, mushrooms are vital to break down the 

organic matter and recycling nutrients of ecosystems. In 

conservation biology macrofungi are the interface of 

organisms between life and death-without them, all 

ecosystems would fail. In the diversity analysis, 11 

macrofungus from wood and 22 soil habitats are edible and 

frequently used by the scheduled tribes of the study area. 

The nonedible mushrooms of wood habitat like Polyporales 

and Hymenochaetales are have been used for the treatment 

of cancer because of the presence of their bioactive 

compounds. These wood habitat mushrooms were recorded 

to be high in their numbers compared to soil habitat. 

Among the wood habitat, the dominant family was 

identified as Agaricaceae. Even though these wood habitats 

are high, their economic value is yet to study well. In soil 

habitat is dominated by the family of Polyporales and 

Agaricaceae equally. Compared to wood habitat, edibility 

of soil mushroom is high because of easy accessibility and 

availability.  This soil habitat also holding considerable no 

of nonedible mushrooms, they also used for the treatment 

of cancer, wound healing. ie., medicinal value. An 

extensive study in Poondi, Kodaikanal region of Western 

Ghats helps to explore the useful metabolites from these 

mushrooms for the benefit of mankind.  
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Abstract. Kandowangko NY, Latief M, Yusuf R. 2018. Inventory of traditional medicinal plants and their uses from Atinggola, North 

Gorontalo District, Gorontalo Province, Indonesia. Biodiversitas 19: 2294-2301. Medicinal plants have been used by the people of 

Gorontalo as a hereditary tradition. But this knowledge has not spread to the wider community because the traditional wisdom about 

medicinal plants has not been documented, stored and managed properly by employing digital tools. The purpose of this study is to 

prepare an inventory of the traditional medicinal plants and the details of their uses in Atinggola, North Gorontalo district, Indonesia. 

Data has been collected by ethnobotanical survey method and analyzed using the descriptive qualitative method. The study has shown 

that 38 species of medicinal plants, belonging to 20 families, are used to cure many diseases by the traditional healers of Atinggola. 

Among them, 6 species are used to treat fever, 5 species to treat skin diseases, 2 species each to treat cancer, gastrointestinal diseases, 

liver diseases, and as body tonic to restore power; 1 species each to treat toothache, malaria, tonsillitis, allergies, eye irritation, wound 

infections and tuberculosis (TBC). Plant parts used in the treatment practices are leaf, fruit, flower, rhizome, root, stem, seed, shoots, 

midribs parts, etc. However, the most dominant part used is the leaf of the plants. Various methods such as boiling, squeezing, scraping, 

chewing, smashing, brewing, etc. are used to prepare the medicines. 29 species (76.31%) of medicinal plants are collected from 

cultivated sources such as backyards and gardens while 9 species (23.68%) are still sourced from forests.  

Keywords: Ethno medicinal diversity, Gorontalo, medicinal plant, traditional medicines 

INTRODUCTION 

Atinggola is one of the sub-distrct located in the district 

of North Gorontalo, Gorontalo Province, Indonesia. It is 

inhabited by several civil society groups who have come 

from Ternate, Sangir and Gorontalo. Atinggola 

communities still maintain their tradition regarding the use 

of medicinal plants. This is evidenced by the fact that there 

are still many traditional medicinal experts (healers or 

shamans) who utilize plants as the main raw materials in 

the treatments provided. Their knowledge of the use of 

plants as medicine is based on the experiences they have 

gained in trying to meet the treatment needs using a variety 

of local plants. The number of patients visiting these 

traditional healers of Atinggola is between 10-30 

people/month per healer. 

Also, many species of medicinal plants are found in the 

Atinggola region and the people use the various parts of 

these plants or whole plants to maintain the health of their 

family members. Their livelihood as farmers is also in line 

with their interest in using traditional medicinal plants for 

curing diseases and maintenance of family health and also 

the preservation of medicinal plants by cultivating them in 

backyards and gardens. Currently, there is a shift in their 

opinion regarding use of traditional medicines. They now 

know about modern medicines and some of them have 

already abandoned using traditional medicines and prefer 

to use modern medicines which provides quick results. 

However, some of them, especially the native residents and 

farmers, still continue using traditional medicines and 

preserve this traditional healing heritage. It is necessary to 

strengthen and preserve the local wisdom of Atinggola 

community pertaining to medicinal plants.. Therefore, this 

ethnobotanical study of medicinal plants used by traditional 

healers in Atinggola Sub-district, Gorontalo, Indonesia, 

was conducted in order to know the local knowledge of 

medicinal plants, parts of the plants used as medicines and 

the processing of medicinal plants.  

This is also to strengthen the research that has been 

done for other Atinggola regions, which was carried out in 

2012, namely the exploration of local knowledge of 

ethnomedicine and community-based medicinal plants in 

Indonesia which reported that there were 64 plants and 48 

herbs used on Atinggola. ethnic group (Kandowangko et al. 

2012) 

MATERIALS AND METHODS 

The study was conducted in four villages, namely 

Pinontoyonga, Ilohelumo, Tombulilato and Sigaso of 

Atinggola, North Gorontalo district, Province Gorontalo, 
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Indonesia (Figure 1), using the survey method. Data and 

information collected about traditional medicinal uses of 

plants was done by interviews and direct observations in 

the field. Interviews were conducted with the traditional 

healers (shamans) and locals who know about or use the 

plants around them to treat diseases (Rahayu et al. 2002). 

For each plant species used as medicine, the following 

information was collected and recorded: local name, place 

of growth, parts used, method of use, and uses. The tools 

used in this study were: recorder, digital camera, 

notebooks, pens, scissors, plastic bags and questionnaires. 

A combination of qualitative and quantitative methods 

were used to collect ethnobotanical information, through 

in-depth interviews with respondents using open ended 

questionnaires. Respondents were selected using purposive 

sampling, based on certain criteria. Along with collection 

of information on medicinal plants from the community, 

the medicinally useful plants were collected from 

backyards, home gardens and forests located around the 

hamlet. Every plant was identified using local name and 

scientific name. Unidentified plants were photographed and 

also herbarium materials collected for further identification 

by botanist in the Laboratory of Botany, Department of 

Biology, Faculty of Mathematic and Natural Science, 

Gorontalo State University, Indonesia. The plants were 

identified using Steenis (2006). The information thus 

collected were analyzed descriptively and quantitatively 

using tables.  

RESULTS AND DISCUSSION 

Results of this study indicate that 38 species of 

medicinal plants, belonging to 27 Genera and 20 families, 

are used by traditional healers in the Atinggola community 

(Table 1). The most widely used medicinal plants are from 

Euphorbiaceae, Oxalidaceae and Zingerberaceae. From 

each of these families, four species were found to be used 

as medicinal which accounts for 10.53% of the total 

number of species recorded as medicinal in this study 

(Table 2). 20 species of Medicinal plants used are trees, 8 

are herbs, 3 are shrubs, 4 grasses and 5 are lianas (Figure 2).  

From interviews with traditional healers of Atinggola, it 

was known that medicinal herbs are used not only for the 

treatment of relatively common and mild diseases such as 

ulcers, itchy skin, eye irritations, wounds and infections, 

but also in the treatment of severe diseases such as dengue 

fever, malaria, kidney stones and even cancer (table 3). 

Treatment for such diseases was generally demanded by 

the local community because of the lack of health care 

facilities in the accessible surroundings. There is only one 

simple health center located in the study area. 
 

 

 

 

 

 

 
 

 

 
Figure 1. Location of study villages of Atinggola, District North Gorontalo, Province Gorontalo, Indonesia 
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Table 1. Medicinal plants used by traditional healers of Atinggola Community: Information is listed in this order-Family name, scientific name, life form, vernacular name, parts used, additional 

materials added, processing/method of application and health benefits/diseases treated 

 

Family/ scientific name 
Growth 

form 
Vernacular name 

Parts of 

plant 
Additional material Processing/Method of application 

Health benefits 

or diseases 

claimed to be 

treated 

Euphorbiaceae       

Jatropha curcas L. Tree Balacae, binthalo 

(Gorontalo) 

Leaf Coconut oil Leaves smeared with coconut oil, heated over the fire, paste of the 

heated leaves applied on the forehead 

Fever 

   Leaf Dried banana leaves, black 

coffee 

Mixed with dried leaves of Musa x paradiasiaca L. and boiled and the 

water decoction used for bathing and also applied on the body of of 

puerperal mothers. After bathing, drinking black coffee is advised to 

stop bleeding and increase their strength. 

Energy recovery 

after child 

delivery 

Macaranga tanarius (L.) 

Müll.Arg. 

Tree Kayu mata putih 

(Gorontalo, Indonesia) 

Leaf  Leaves kneaded and massaged on the itchy skin Skin Itches 

   Leaf 

 

Hedyotis corymbosa (L.) 

Lam., Jatropha curcas L., 

Hibiscus tiliaceus var. 

abutiloides (Willd.) Hochr. 

3 pieces of each leaf mixed, boiled and the boiled water consumed.  Fever 

Acalypha indica L. Herb  Luata (Gorontalo), 

Kucing-kucingan 

(Indonesia) 

Leaf 

 

 The leaves are crushed and placed in aching teeth cavities Toothache  

Melanolepis 

multiglandulosa 

(Reinw.ex Blume) 

Rchb.f.& Zoll. 

Shrub Walongo (Gorontalo); 

Kayu kapur (Indonesia) 

Leaf rhizomes of Kaempferia 

galanga L., Garlic cloves 

Leaves mixed with 1 clove of garlic and rhizomes Kaempferia galanga 

L., and the water extract is dripped into the nose. 

Nose breeding 

Arecaceae       

Cocos nucifera L. Tree Kelapa (Gorontalo, 

Indonesia) 

tender 

coconut 

meat  

Leaves of Curcuma longa 

L. (leaves (Turmeric), 

leaves of Pandanus 

amaryllifolius Roxb. 

leaves, fruits of Citrus 

limon (L.) Osbeck  

Tender coconut meat shredded and mixed with lemon leaves, turmeric 

leaf and pandan leaves. The herbal mixture is consumed three times a 

day 

Increases breast 

milk  

Oxalidaceae       

Averrhoa carambola L. Tree Balimbi (Gorontalo); 

Belimbing manis 

(Indonesia) 

Leaf 

 

- Juice of the leaves taken orally, paste is applied on the itchy skin Skin itches 

   Leaf 

 

Leaves of Averrhoa 

bilimbi, dumbaya 

(Dombeya acuminatissima 

Hochr.), turmeric, bungale, 

onion, garlic,  

Mixed with leaves of Averrhoa bilimbi L. and one part each of 

dumbaya, turmeric, bungale, red onion and a clove of garlic. All the 

ingredients are mixed well in 150 ml of water. 

Measles  
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Averrhoa bilimbi L. Tree Lembetue (Gorontalo); 

Belimbing wuluh 

(Indonesia)  

Leaf 

 

 Juice of the leaves taken orally, paste is applied on the itching skin  Skin itches 

  Flower  Fruit of (Dumbaya), brown 

sugar, leaves of Coleus 

scutellariodes (L.) Benth. 

Mixed with fruits of dumbaya and boiled. To the water of boiled herbs, 

added brown sugar for taste and 7 leaves of Mayana. This drink is 

taken 3 times a day, until healed 

Cough  

Zingiberaceae       

Zingiber purpureum 

Roscoe. 

Herb Bungale (Gorontalo) Rhizome  Rhizome pounded and massaged on the itching skin Skin itches 

   Leaf Leaves of Dumbaya, leaves 

of Molontiopo, rhizome of 

Curcuma aeruginosa Roxb. 

clove of onion, leaves of 

Hulotuwa 

7 sliced leaves mixed with 7 sliced leaves of dumbaya and Molontiopo. 

To this, turmeric, clove of onion and hulotuwa leaves are added and 

boiled well with 3 cups of water until the volume is reduced to 1 cup. 

Boiled water is consumed three times a day 

Dengue fever 

Kaempferia galanga L. Herb Humopoto (Gorontalo); 

Kencur (Indonesia);  

Leaf  Juice of leaves consumed orally, the paste is applied on the forehead Fever  

   Leaf  Leaves boiled with water and taken directly Cancer  

Rutaceae       

Euodia sp.  Tree Pinogoguma (Gorontalo) Leaf  Water extract of the leaves taken directly Fever; dengue 

fever 

Dioscoreaceae       

Dioscorea alata L. 

 

 

Liana Balahu (Gorontalo); Ubi 

kelapa (Indonesia) 

Stem  Dried stem is burnt from one end and the smoke is inhaled from the 

other end 

Polip 

Rubiaceae       

Gardenia augusta Merr. Tree Pica piring putih 

(Gorontalo); Kaca piring 

(Indonesia) 

Flower  7 flowers are boiled and boiled water is taken orally Tonic to restore 

body power 

Arecaceae       

Arenga pinnata 

(Wurmb) Merr 

Tree Waolo (Gorontalo); Aren 

(Indonesia) 

Midrib  Midrib which is still green peeled and the white part inside is grabbed 

and mashed. The paste is smeared on the wound, until the wound/ulcer 

dries. 

Ulcers, acne 

scars, 

chickenpox. 

Areca catechu L. Tree Pinang (Gorontalo, 

Indonesia) 

Fruits Leaf of walnut, fruit of 

Citrus limon (L.) Osbeck 

7 pieces of ripened areca fruit is mixed with walnut leaf and lemon 

juice. Mixed and drunk repeatedly until healed. 

Liver problems 

Verbenaceae       

Lantana camara L. Shrub  Katumbari (Gorontalo); 

Tembelekan (Indonesia) 

Leaf  Extracts from the leaves taken directly High blood 

pressure 

   Leaf  Leaves boiled and taken orally Tuberculosis  

   Flower  flowers boiled and the water consumed directly. Gnorrhea 

Solanaceae       

Physalis peruviana L. Herb Bulutuhe tomete 

(Gorontalo); Ceplukan 

(Indonesia) 

Root  The roots are boiled and boiled water is consumed. Liver problems 



 B IODIVERSITAS 19 (6): 2294-2301, November 2018 

 

2298 
Gnetaceae       

Gnetum gnemon L. 

 

Tree Ganemo (Gorontalo) 

Melinjo (Indonesia) 

Leaf  Leaves cooked and eaten like vegetables Indigestion 

Cyperaceae       

Miscanthus sinensis 

Andersson 

Grass Diata (Gorontalo); 

Rumput Pisau (Indonesia) 

Leaf  The leaves are crushed and smeared on the head Headache  

   Flower 

and seed 

 Dried flowers and seeds mashed, brewed with hot water and drunk. Cancer 

   Fruits   7 pieces of the fruits chewed and the resulting paste is smeared on the 

tumor or abscess without eye, until it changes color from reddish to 

pale or ruptures. 

Tumors or 

ulcers which are 

eyeless or not 

ruptured. 

Menispermaceae       

Arcangelisia flava 

(L.)Merr 

Liana Ayulalahe (Gorontalo); 

Kayu kuning (Indonesia) 

Root   the roots are boiled and the boiled water is drunk Body fitness, 

tonic 

   Stem Rhizomes of ginger The stem and ginger rhizome made into a decoction in boiling water 

which is drunk 

Breathlessness 

Caricaceae       

Carica papaya L. 

 

Tree Pepaya Leaf  Yellow leaves boiled and boiled water is given to drink Malaria 

Malvaceae       

Theobroma cacao L. Tree Coklat Leaf  Brown leaves boiled and boiled water is given to drink Diabetes melitus 

   Friut  Chocolate made from fruit is scraped and smeared on the wound 

surface 

Wounds 

Cucurbitaceae       

Cucurbita maxima 

Duchesne 

 

Herb Sambiki (Gorontalo) 

Labu kuning 

Sap  The sap from the stem is smeared on the forehead and scalp. Headache 

Musaceae       

Musa x paradiasiaca L. 

 

Tree Pisang raja Fruit  Fruits consumed before meals Ulcer  

 

Poaceae       

Bambusa affinis Munro 

 

Tree Buluh (Gorontalo) Shoots  Shredded and added salt to taste, and boiled with 3 cups of water until 

the volume reduces to 1 cup. Consumed orally 

Diabetes melitus 

Polygonaceae       

Polygonum barbatum L. Herb Tolowe (bahasa 

Atinggola); Poombito 

(Gorontalo) 

Shoots   Boiled and the boiled water orally taken. Fever 

Moraceae       

Ficus septica Burm L. Tree Bualo (Gorontalo), Awar-

awar (Indonesia) 

Shoots   Shoots boiled and the boiled water drunk. Poisones, 

allergies 
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Table 2. Proportion of genera and species belonging to various 

families used as medical plants in Atinggola, Gorontalo, Indonesia 

 

Family 

Number 

of 

genera 

Proportion 

of total 

genera 

(%) 

Number 

of 

species 

Proportion 

of total 

species 

(%) 

Euphorbiaceae 2 7.41 2 5.26 

Arecaceae 3 11.11 3 7.89 

Euphorbiaceae 3 11.11 4 10.53 

Oxalidaceae 2 7.41 4 10.53 

Zingiberaceae 2 7.41 4 10.53 

Rutaceae 1 3.70 1 2.63 

Dioscoreaceae 1 3.70 1 2.63 

Rubiaceae 1 3.70 1 2.63 

Verbenaceae 1 3.70 3 7.89 

Solanaceae 1 3.70 1 2.63 

Gnetaceae 1 3.70 1 2.63 

Cyperaceae 1 3.70 3 7.89 

Menispermaceae 1 3.70 2 5.26 

Caricaceae 1 3.70 1 2.63 

Malvaceae 1 3.70 2 5.26 

Cucurbitaceae 1 3.70 1 2.63 

Musaceae 1 3.70 1 2.63 

Poaceae 1 3.70 1 2.63 

Polygonaceae 1 3.70 1 2.63 

Moraceae 1 3.70 1 2.63 

Total 27 100 38 100 

 

 

 

Out of the total 38 species of medicinal plants used by 

herbalists or traditional healers in Atinggola, number of 

species used in the treatment of different diseases are: 6 

species to treat fever, 5 species to treat skin diseases  
 

 

Table 3. Types of diseases cured with medicinal plants 

 

Types of 

diseases 
Name of diseases / health benefits 

Mild diseases 

 

Fever, Energy recovery post-partum, To 

increase breast milk, Itching skin, Toothache, 

Measles, Cough, Polyp’s, Tonic to restore 

power, Ulcers, Acne scars, Chickenpox, 

Poisoning, Allergy, Nose bleeding, Wounds, 

Headache and Indigestion 

 

Serious diseases Cancer, High blood pressure, Tuberculosis 

(TBC), Gonorrhoea, Liver disorders, 

Diabetes mellitus, Malaria and Dengue fever  

 

 

 

 (ulcers), 2 species each to treat cancer, gastrointestinal 

diseases, liver diseases, and as body tonic to restore power; 

1 species each to treat toothache, malaria, tonsillitis, 

allergies, eye irritation, wound infections, and tuberculosis 

(TBC). The six species used to treat fever are: Jatropha 

curcas, Macaranga tanarius, Zingiber purpureum, Kaempferia 

galanga, Euodia redlevi, and Polygonum barbatum.  

In addition, there are traditional beliefs associated with 

the collection of plant parts for medicinal purposes. For 

example, while collecting plant parts from the forest plants, 

one cannot wear red colored shirt. Also, the herbaceous 

plant species should be harvested before sunrise or 06.00 

pm. Water used in the processing of ingredients must be 

the water that has been used for cooking. The bark of the 

tree must be collected in the dry season, when the trunk 

was chipped.  

 

 

 

Table 4. Reported medicinal uses for ethno medicinal plants of Atinggola in published literature 

 

Family Plant Diseases/uses 
Plant parts 

used 
Reference 

     

Arecaceae Cocos nucifera L. Measles Milk from tender 

coconut 

Lense (2012) 

  Nerve system  Root  Nahdi et al. 2016 

  itchy skin Endosperm Nahdi et al. 2016 

Euphorbiaceae Macaranga tanarius 

Muelll. Arg 

Chest pain, malaria Leaves Lense (2012) 

Zingiberaceae Zingiber purpureum Roxb Body's immune system Rhizome Nahdi et al (2016) 

Zingiberaceae Kaempferia galanga L Cough, ashma, gastrointestinal disorders, 

stomach ache, rheumatism, aphrodisiac, 

fever 

Rhizome Silalahi et al. (2015) 

Arecaceae Areca catechu L. Bone Fractures, Busung, Tinuktuk tawar Fruit Silalahi et al. (2015) 

Caricaceae Carica papaya L. Malaria Leaves Lense (2012) 

Musaceae Musa paradiasiaca, L. Easy birth Stem Lense (2012) 

Poaceae Bambusa sp.  Wounds  Outer bark Lense (2012) 

Polygonaceae Polygonum barbatum L. Scabies  Roots  Lense (2012) 

  Abcesses  Leaves Lense (2012) 

  Dysentery  Leaves Lense (2012) 

Moraceae Ficus septica Burm. L. Abscesses  Bark, shoot Lense (2012) 

  Eye infection Leaves  Lense (2012) 
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Figure 2. Proportion of medicinal plants of Atinggola based on: growth form (left), and part of the plants used (right) 

 

 

 

 

A review of published literature has indicated that the 

medicinal plants used by the people of Atinggola have been 

also used by communities in other areas, either to treat the 

same or different diseases/purposes (table 4). For example, 

people of Atinggola use tender coconut (Cocos nucifera) 

meat to increase breast milk production, while it is used for 

treating measles in Manokwari, West Papua (Lense 2012), 

and Turgo community of Yogyakarta use roots of this plant 

to treat problems of nerve system and endosperm to treat 

itchy skin (Nahdi et al 2016). In both Atinggola and 

Manokwari of West Papua, Carica papaya is employed as 

a cure for malaria (Lense, 2012). The rhizome of Zingiber 

purpureum is used as a remedy for Itchy skin and its leaves 

are used for the treatment of dengue fever, in the present 

study. This is almost similar to the report of Nahdi et al. 

(2016).  

Another significant finding is that people of Atinggola 

have a practice of planting medicinal plants in their 

backyards or home gardens. Data obtained during the 

present study regarding the source of medicinal plants 

indicated that 76.31% or 29 species are obtained from 

cultivated sources, among which 44.74% medicinal plants 

are collected from home gardens and 31.58% are from 

backyards. Only 9 species or 23.68% medicinal plants are 

obtained from natural forests. This proves that the people in 

Atinggola are aware of the necessity and importance of 

preserving biodiversity. Therefore, they have tried to 

cultivate medicinal plants that they use in their traditional 

medicinal systems. This stresses again on the need to 

document and preserve public knowledge on the use of 

medicinal plants as a traditional healing heritage to 

maintain family health and also to protect local 

biodiversity. Further, the community knowledge needs to 

be scientifically authenticated and improved through 

research on isolating active substances from medicinal 

plants, which should be carried out by scientific and 

academic institutions like universities. So, continuous 

research is needed to develop traditional knowledge both 

qualitatively and quantitatively which is also important to 

protect the local wisdom of the community as the collective 

intellectual property of the Indonesian people. 
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Abstract. Sinay H, Karuwal RL. 2018. Short Communication: Genetic variability of local corn cultivars from Kisar Island, Maluku, 

Indonesia based on morphological characters. Biodiversitas 19: 2302-2307. The purpose of this research is to know the relationship of 

local corn cultivars derived from Kisar Island based on the morphological characterization. The research was conducted in Kisar Island, 

Southwest Maluku District, Maluku Province, Indonesia. The morphological characterization was performed on 5 stem characters, 14 

leaf characters, 15 male flower characters, 2 female flower characters, 12 cob characters, and 12 seed characters. The description was conducted 

using the corn descriptor guide by CIMMYT, IBPGR, UPOV, and Departemen Pertanian Republik Indonesia. Color standardization 

was conducted following standard color charts from the Royal Horticultural Society Color Chart. The data was described and scored 

based on the appearance of each plant organ observed in the field relative to the descriptor guide. The scoring results were then 

standardized into 0/1 binary data, which were then analyzed by NTSYS program used for dendrogram construction. Cluster analysis 

shows that there are two main groups of corn cultivars. The first group consists of merah delima tongkol cokelat, merah darah, putih, 

kuning genjah, and merah delima tongkol putih. The second group consists of kuning dalam and pulut cultivars. 

Keywords: Genetic variability, corn, morphological characters 

INTRODUCTION 

Corn is the world’s most multipurpose crop. It becomes 

one of a staple food for hundreds of million people in the 

developing countries (Smith et al. 2017). It has a large 

genetic diversity caused by cross-pollinated traits (Azad et 

al. 2012). According to Iriany et al. (2008), nowadays, corn 

varieties is estimated about 50.000 varieties consisting of 

local varieties and improved varieties resulted from 

breeding results. In Indonesia, the genetic diversity of corn 

is the highest in Asia (Syafi’i et al. 2015), because many 

local corn cultivars with different characteristics had been 

found in many parts of Indonesia. Differential 

characteristic is because of the genetic composition of local 

population, and the process of genotype isolation which 

undergoes the changes and adaptation of plant species to 

specific agro-climates (Sork et al. 2010) such as the 

diversity of geographical conditions, and the magnitude of 

climate change as well as soil conditions between one 

region and another (Wijayanto 2007).  

Southwest Maluku District is one of the area in Maluku, 

Indonesia with high diversity of corn germplasm (Pesireron 

et al. 2013a). In this area, corn was already been cultivated 

as the main commodity in every cultivation activity in all 

growing seasons (Pesireron et al. 2013a). Previously, the 

exploration and documentation of corn germplasm has 

been done by Alfons et al. (2003) who found that in Kisar 

Islands of Southwest Maluku District, seven local corn 

cultivars are being specific cultivars to this location, 

namely merah delima tongkol cokelat, merah delima 

tongkol putih, merah darah, kuning genjah, kuning dalam, 

pulut, and putih. The most striking feature of these local 

cultivars is the color variation in their seeds. It is predicted 

that these local cultivars had an ability to adapt to local 

environmental conditions.  

The existence of local cultivars with distinctive 

characteristics, and high adaptability is the germplasm 

source that must be preserved, and this specific 

characteristic can be utilized for assembling superior 

varieties. Arunga et al. (2015) state that germplasm is a 

source of genes that can be utilized to increase plant 

diversity, so that an opportunity to improve the character of 

a population and to form new varieties can be obtained. 

Previously, Pabendon et al. (2003) suggest that the 

diversity of germplasm and the relationship between 

breeding materials is very important to be known and 

understood. It is useful in crossover planning to produce 

hybrids and the formation of better hybrids. In addition, the 

high local genetic diversity of corn can be also utilized to 

reduce the need for hybrid corn obtained from 

multinational corporations which rarely concern to use 

local cultivars (Westengen et al. 2014).   

Research on genetic diversity can be done by utilizing a 

genetic marker system of both morphological markers, as 

well as molecular markers (Farooq and Azam 2002; Bhat et 

al. 2010). The morphological marker is a very traditional 

system and has been used for a long time. This marker 

identifies plant characteristics based on visible traits or 

characteristics. A number of parameters such as plant 

height, shape, and size of flowers, leaves, fruits or seeds, 



SINAY & KARUWAL – Local corn cultivars from Kisar Island, Indonesia 

 

2303 

are observed and scored.   

Research on the genetic diversity of corn based on 

morphological characterization in Indonesia has been 

reported by Wijayanto (2007), Febriani et al. (2008), 

Amzeri et al. (2011), as well as by Yusran and Maemunah 

(2011), while the combination of morphological and 

molecular characters has been reported by Pabendon et al. 

(2007), Pabendon et al. (2008), and Andi Takdir et al. 

(2009). Research on morphological performances of corn 

from Southwest Maluku District have been also reported by 

Pesireron et al. (2013a), as well as in Leti and Pulau-Pulau 

Terselatan (Pesireron et al. 2013b). However, the results of 

clustering in dendrogram only showed the position or close 

relationship between local corn cultivars, by exploring the 

morphological appearance of corn cultivars found in their 

research area. Although research on the genetic diversity of 

corn in Indonesia using morphological markers has been 

widely reported, corn cultivars from Kisar Island in South 

West Maluku District have not been reported, yet. 

Therefore, the purpose of this research was to know 

morphological characters and genetic variation of corn 

cultivar from Kisar Island South West Maluku District 

based on morphological characterization.  

MATERIALS AND METHODS 

Procedures 

Corn planting was done in Kisar Island, Southwest 

Maluku District, Maluku Province, Indonesia during April 

to August 2014. Cultivars used were local cultivars obtained 

from Farmer in Kisar consisting of seven local cultivars, 

i.e., merah delima tongkol cokelat, merah delima tongkol 

putih, merah darah, kuning genjah, kuning dalam, pulut, 

and putih. As a comparison (outgroup) of corn on Kisar 

Island, three hybrids of corn varieties were obtained from 

Research Institute for Cereals in Maros, South Sulawesi, 

namely srikandi, lamuru, and anoman varieties. 

For the morphological characterization, the cultivars 

were sown in the field and the characterization was done 

following descriptors proposed by El Centro International 

de Mejoramiento del Maiz del Trigo / The International 

Maize and Wheat Improvement Center and The 

International Board for Plant Genetic Resources (CIMMYT 

and IBPGR 1991), International Union For The Protection 

of New Varieties of Plants (UPOV 2009) and Departemen 

Pertanian Republik Indonesia (2004). The descriptor guide 

consists of 60 characters including qualitative characters 

(color, shape, direction) and quantitative characters (height, 

diameter, distance, length, width, amount, and thickness) of 

stem, leaf, flower, fruit, and seed. For color 

standardization, standard color charts from the Royal 

Horticultural Society Color Chart were used.  

Data analysis 

The data of morphological characterization were 

described according to the appearance of each plant organ 

observed in the field, and was scored following the 

descriptor guide with some modifications. The scoring 

results were then standardized to be 0/1 binary data, 

analyzed by NTSYS program and used for dendrogram 

construction to analyze the genetic diversity of maize based 

on morphological characters.   

RESULTS AND DISCUSSION 

Kisar Island is one of the islands in the South West 

Maluku District which is known as the main area of corn 

production in Maluku. In the strategic plan of corn 

development in Maluku, this area becomes the first zone 

where people use corn as the staple food, and always 

planted in dry climates (Susanto and Sirappa 2005) and 

very low rainfall. Alfons et al. (2003) has explored and 

documented the corn germplasm in Kisar Island and found 

that in this Island, there are seven local corn cultivars that 

are specific to this island, namely merah delima tongkol 

cokelat, merah delima tongkol putih, merah darah, kuning 

genjah, kuning dalam, pulut, and putih. Like common corn, 

corn in Kisar island belongs to family Poaceae and genus 

Zea, but the most striking features of these cultivars is the 

variation of their color of the seed.   

Morphological observation of the characters of the 

vegetative and generative organ showed that there was 

some variation in the color of stem (Figure 1). It can be 

observed from the stem color showing reddish to brown in 

merah darah, merah delima tongkol cokelat, and merah 

delima tongkol putih, while other local cultivars look green 

on their stem color.   

The variation of leaf organ could also be found in these 

local cultivars especially in the edges shapes of ligule. One 

cultivar showed wrinkled edges shape and another one was 

slippery (Figure 2). Other variation also can be seen such 

as presence of feathers on the midrib, leaf strands direction, 

and the number of leaves.   

For the generative organs, morphological variation was 

also observed in the color of male and female flower. The 

male flower was red until brown (Figure 3), while female 

flower was red, brown, and black (Figure 4). 

Morphological character could also be seen on the fruit 

especially the seed color, fruit shape and size which were 

the main character of corn in Kisar Island (Figure 5). 

The result of morphological characterization based on 

five characters of stem, fourteen characters of leaf, fifteen 

characters of male flower, two characters of female flower, 

twelve characters of cob and twelve characters of seed 

varied. Based on these morphological data, dendrogram 

construction of these cultivars was done after 

standardization into binary data and dendrogram 

construction using NTSYS program as shown in Figure 6.  

Overall, the dendrogram shows that there were two 

main groups formed. Group one consists of merah delima 

tongkol cokelat (MDTC), merah darah (MD), kuning 

genjah (KG), putih (PTH), and merah delima tongkol putih 

(MDTP) cultivars, while the second group consists of pulut 

(PLT) and kuning dalam (KD) cultivars. This result 

explained that the grouping not only based on the similarity 

in grains color, but the similarity in other morphological 

characteristics that enable one cultivar to belong to a group, 

although it has different grains color or other 

morphological traits. 
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 Figure  1. Variation in stem color of local corn cultivars in Kisar 

Island. A. Reddish, B. Green 

 

  

A B 

 

Figure 2. Variation in edges shape of ligule of some local corn 

cultivars in Kisar Island. A. Slipper, B. Wrinkled  

 

 

 

   

 

Figure 3. The color variation of male flower  

 

 

 

   

 

Figure 4. The color variation of female flower 
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Figure 5. Variation of seed color, fruit shape and size of local corn cultivars from Kisar Island, Southwest Maluku District, Maluku 

Province, Indonesia. A. Merah delima, B. Merah darah, C. Pulut, D. Kuning genjah, E. Kuning dalam, F. Putih 

 

 

 
 

Figure 6. Result of dendrogram construction based on morphological characters of seven local corn cultivars from Kisar Island, 

Southwest Maluku District, Maluku Province, Indonesia. Note: MDTC: merah delima tongkol cokelat, MD: merah darah, KG: kuning 

genjah, PTH: putih, MDTP: merah delima tongkol putih, PLT: pulut, KD: kuning dalam 

  

 

 

Many morphological characteristics were observed, 

such as stem, leaf, flower, and grains in quantitative nor 

qualitative characters. This result could be used as the basic 

principle to classify or group the local corn cultivars of 

Kisar island. Jose et al. (2005) said that the more 

morphological character's similarities were observed, the 

more genotype will agglomerate into the same group. On 

the other hand, the lower morphological characters 

similarities were observed, the more genotype will be 

clustered in different group.   

 Based on the environmental condition, the cultivars 

observed on this research were local cultivars planted in the 

same location, under the same environmental condition and 

in the same season. However, in every cultivar of those 

seven cultivars shows a diversity of morphology among 

each other. This supported by Jose et al. (2005) who 

reported that the genotype could possibly come from the 

same area, but it did not always have to be in the same 

group.   
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 For the diversity of morphological characteristics of 

each cultivar, it shows that even though those cultivars 

planted under the same environmental condition, but each 

cultivar had different way of adaptation toward the 

environmental condition. Iriany et al. (2008) said that the 

diversity of local corn cultivars was formed by the process 

of genotype isolation, which could be changed and be 

adapted toward specific condition.  

The diversity of morphological characteristics of corn 

planted in the same conditions may occur, due to the 

genetical factor, because the differences of genetical 

sequences are one factor that causes the diversity of plant. 

This assumption is based on what has been proposed by 

López-Caamal and Tovar-Sánchez (2014) that genetically 

different cultivar which is planted in the same condition, 

could give a diversity in morphological characteristics.  

This diversity of morphological characters could 

possibly influence by many factors, i.e., the environment 

and the genetical factor. Huang et al. (2016) reported that 

the variation of phenotypic appearance of plant could be 

caused by the difference in the plant inside character 

(genetic), difference in environmental condition, nor the 

interaction of both factors.  

In line with the adaptation ability of each cultivar 

toward environmental condition, the other result also 

reported that kuning dalam cultivar disposed to be different 

with other cultivars in the osmolit content, such as prolin, 

and also by the growth production aspect (Sinay and 

Karuwal 2014: and Sinay et al. 2015). This result was then 

confirmed by the result of grouping based on microsatellite 

genetic marker on the same cultivars as well as reported by 

Sinay and Karuwal (2017) that apparently the result were 

relevant to the morphological grouping result of this 

research. merah delima tongkol cokelat, merah delima 

tongkol putih, merah darah, and kuning genjah cultivars 

disposed to be in the same main group, although it was then 

dispersed into small sub-group, while kuning dalam 

cultivar disposed to separate or in other groups. This shows 

that the result of molecular test propose and relevant to the 

morphological result. Moreover, it can be stated that the 

morphological diversity happened because of the diversity 

of genetical composition.  

In conclusion, based on the result of the research, it can 

be concluded that: (i) Local corn cultivar from Southwest 

Maluku District has morphological diversity both 

vegetative or reproductive organ. (ii) Morphological 

characterization resulted in grouping of local corn cultivars 

into two main groups with a similar coefficient of 0.62-

0.79.  
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Abstract. Sulardiono B, A’in C, Muskananfola MR. 2018. Profiles of water quality at Menjangan Besar Island, Karimunjawa, Central 

Java Province, Indonesia. Biodiversitas 19: 2308-2315. The development of anthropogenic and tourism activities causes the ecological 

impact on water quality. The profile of water quality and sediment are the representation of environmental condition of ecosystems, then 

they could be indicators of pollution, fertility, suitability, and environmental carrying capacity on marine life. This study aimed to 

characterize the environmental indicator based on the quality profile of Menjangan Besar waters, Karimunjawa, Central Java. Data 

collection using a purposive sampling method based on water and sediment characteristics in Menjangan Besar waters. The research 

location is divided into three stations, namely: station A: the waters of fish cage activity; station B: floating guesthouse activity; and 

station C: seaweed marine culture. Variable on water quality profile consists of N-NO3 (mg/L) and PO4-P (mg/L), chlorophyll-α 

(mg/m3), and bacterial (CFU/mL), and other water quality support, while the variables on sediment quality profile consist of Phosphorus 

(mg/g) and PO4-P (mg/g), organic (%), C-organic (%) and bacterial (CFU/g), and sediment grain size. The calculation data analysis 

method of water and sediment total bacteria profile used Total Plate Count (TPC) by following SNI 7545.1 (2009), while analysis for 

nitrification bacteria (Nitrosomonas and Nitrobacter) using Most Probable Number (MPN). Data analysis of sediment grains size used 

two methods, i.e. (i) dry mechanic method by using sieve shaker, and (ii) wet mechanic method by using a pipette. Data analysis of 

nitrate and phosphate using Brucine Sulfanilik method. Mapping of the spatial distribution of measurement data for water nutrient 

contents (NO3-N and PO4-P), bacteria, and Chlorophyll-α in the waters using ArcGIS software application tool. The results showed that 

nitrification bacteria content in the water column is lower than in the sediments layer. Total bacteria content in both the water column 

and sediment layer varies between stations. Total bacteria in station A is higher than the other stations. The water nutrient content 

(Nitrate and Phosphate) is still above the quality standard for Marine Biota (Kepmen LH No. 51/2004). The condition of the fertility of 

Menjangan Besar waters is oligotrophic tend to mesotrophic, in the sense that the waters quality is low to medium conditions, and not 

yet dangerous for marine biota.  

Keywords: Bacteria, Karimunjawa, mesotrophic, Menjangan Besar, nutrients, oligotrophic  

INTRODUCTION 

Menjangan Besar Island is one part of the Karimunjawa 

Archipelago in the Java Sea and included in the District of 

Jepara, Central Java. The Menjangan Besar island is 

connected to the Karimunjawa Islands through a strait. This 

strait is a waters area dominated by coral reef ecosystem 

and its association. Based on the Decree of the Directorate 

General of Forest Protection and Nature Conservation No. 

SK.79/IV/Set-3/2005 dated 30 June 2005 concerning the 

Revision of the Zonation of Karimunjawa Islands National 

Park, it was determined that Menjangan Besar Island was 

included in the tourism and cultivation utilization zone, 

while in the western waters of Karimunjawa Island it was 

included in the rehabilitation zone.  

The tourism activities in Menjangan Besar shows an 

increasing trend every year. Intensive land use of tourism 

activities in Menjangan Besar waters has the potential to 

pressure the environment and habitat destruction of the 

marine life, especially domestic waste. The distribution of 

suspended particles in the waters is influenced by the 

presence of currents, tides, and waves, which then settled in 

the bottom of the waters. Based on the environment 

characteristic at the Menjangan Besar waters cause the 

distribution of suspended particles settled at the seabed as 

organic material stored. In addition, Increasing organic 

material in Menjangan Besar waters also comes from 

increased activities in Karimunjawa mainland, such as the 

household, hotels, homestay, and tourism activities. 

According to Hadi et al. (2006), environmental conditions 

in the Karimunjawa coastal waters indicate the presence of 

environmental degradation caused by the contamination 

material polluted on the flow of groundwater leading to the 

sea waters. UNEP (1996) stated that coastal tourism 

activities have an impact on physical changes and habitat 

damage, such as the resulting toxic material and 

nitrification, the emergence of toxic materials and 

dissolved oxygen depletion, groundwater contamination, 

and sediment load changes.  

Increased input of excessive organic material leads to 

the enrichment of inorganic nutrients in the waters. This 

nutrient enrichment is the cause of phytoplankton blooms. 

The effect of blooming phytoplankton is the dissolved 

oxygen depletion and death of fish and other aquatic 

animals. According to Livingston (2001), nutrient 

enrichment is indirectly associated with changes in the 
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phytoplankton community composition through changes 

supported by predation, resource limiting factors, light 

requirements, and biological effects on sediments. The 

nutrients variable (nitrate and phosphate) can be used as a 

trophic indicator (Giovanardi and Tromellini 1992; 

Ignatiades et al. 1992; Stefanou et al. 2000). Nutrients 

(Nitrate and Phosphate) are essential materials for the 

growth of phytoplankton and algae in water, and within a 

certain range of levels are used to see the extent of aquatic 

discharges (Effendi 2003), namely oligotrophic (poor 

nutrient and low productivity), mesotrophic (medium 

nutrient and productivity), eutrophic (high nutrient and 

productivity), hyper-eutrophic (very high nutrient and 

productivity), and dystrophic (high organic matter contain). 

Bacteria as a microbiological parameter is an important 

indicator of aquatic land use demonstrated by the 

performance of micro-organisms in biological processes in 

sedimentary media (Pelczar et al. 2010). Thus, bacteria 

from water or sediments play an important role in the water 

environment as an indicator of environmental disturbance, 

the status of water fertility, and indicators of nutrient 

dynamics. The environmental disturbance caused by 

eutrophication impact. Thus, an excessive increase in 

organic waste leads to potential pollution of the aquatic 

environment.  

The evaluation on the environment of the Menjangan 

Besar waters can be performed based on the assessment of 

the profile of nutrients (Nitrate and Phosphate), bacteria, 

Chlorophyll-α, and other water quality support, and 

sediment nutrient (phosphor and phosphate), bacteria, and 

sediment grains. Ulqodry et al. (2010) state that the 

dynamics of nitrate, phosphate and dissolved oxygen 

content are influenced by organic waste input from the 

land, thus affecting the pollution of the aquatic environment. 

The evaluation of nutrients (N_NO3 and P-PO4), bacteria 

and other supporting factors in the waters of Menjangan 

Besar is very important. This ecological impact resulted 

from the organic remains, either solid forms or liquid 

forms, as an indicator of waters pollution of Menjangan 

Besar Island. Ecosystem damage in coastal waters can be 

caused by increased nutrients, especially nitrate and 

phosphate in waters known as eutrophication Therefore, the 

evaluation of nutrients content, bacteria and water quality 

supporting factors in the waters and sedimentary medium 

of Menjangan Besar is very important.  

A healthy aquatic environment for marine life, if the 

availability of nutrients in the water within the limits of the 

carrying capacity of the environment. However, if 

excessive nutrient value causes the phytoplankton 

blooming, and eutrophication process. The eutrophication 

process of waters destroy marine habitat. This statement is 

in accordance to Livingston (2001), that phytoplankton 

bioassay and nutrient load as a limiting factor for  

eutrophication. This information can be used as inputs for 

management of coastal regions and small islands, 

especially in Menjangan Besar region. The research aims to 

determine environmental indicators based on water quality 

profiles at Menjangan Besar waters, Karimunjawa, Central 

Java, Indonesia. 

MATERIALS AND METHODS 

The research was conducted in May 2017 in Menjangan 

Besar waters of Jepara District, Central Java, Indonesia, 

based on the characteristics of land use such as tourism and 

marine aquaculture activities in the research area. The 

research is located in three stations, namely station A is 

marine aquaculture activities, station B is floating guest 

house activities, and station C is seaweed aquaculture 

activities (Figure 1). The sample of water and sediment 

quality at each location were taken 4 and 2, respectively. 

Sample of bacteria on the water column and sediment 

observed overall were taken the average value of 3 

replications on each station, with the consideration that the 

waters dynamic condition is relatively stable and not 

fluctuate significantly since the Menjangan Besar waters 

type is semi-enclosed. Coordinate positions on the 

respective locations can be seen in Table 1.  

The materials used are water and sediment samples 

from Menjangan Besar waters. Methods of data collection 

using a purposive sampling based on water and sediment 

characteristics in Menjangan Besar waters. The parameters 

used are water quality and sediment profile. Variable on 

water quality profile consists of N-NO3 (mg/L) and PO4-P 

(mg/L), chlorophyll-α (mg/m3), and bacterial (CFU/mL), 

and other water quality support, while the variables on 

sediment quality profile includes Phosphorus (mg/g) and 

PO4-P (mg/g), organic (%), C-organic (%), bacterial 

(CFU/g), and sediment grain size. The instruments used for 

measuring water quality data are current meters, secchi disc 

with a scale of 0.1 cm for transparency data, refractometer 

for salinity data, and water quality checker to measure 

dissolved oxygen and temperature. 

The calculation analysis of water and sediment total 

bacteria profile was performed using Total Plate Count 

(TPC) by following SNI 7545.1 (2009), whilst nitrification 

bacteria (Nitrosomonas and Nitrobacter) were analyzed 

using Most Probable Number (MPN). Two methods were 

adopted in grain size analysis, the dry mechanic method 

using sieve shaker (Buchanan 1971) and wet mechanic 

method using pipette and Brucine sulfanilic method. Was 

adopted for analyzing Nitrate and Phosphate (Radojevic 

and Bashkin 1999). The mapping of spatial distribution of 

water nutrients content (NO3-N and PO4-P), bacteria and 

Chlorophyll-α in the waters was conducted using ArcGIS 

software application tools.  

 
Table 1. Coordinate of sampling station in Menjangan Besar waters, Karimunjawa, Central Java, Indonesia  

 
Station Description Location Longitude (E) Latitude (S) 

A Around fish marine aquaculture (fish cage)  110ᵒ 25’ 40,039”  05ᵒ 52’ 56,332”  

B Around floating guest house 110ᵒ 51’ 496”  05ᵒ 53’ 13,036”  

C Around seaweed culture 110ᵒ 25’ 58,885”  05ᵒ 53’ 20,21”  
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Figure 1. The location of the station observations in Menjangan Besar Waters, Karimunjawa, Central Java, Indonesia  

 

 

 

 

 

The status of environmental conditions in the aquatic 

profile by comparing the results of the measurement of 

water quality criteria based on Lee et al. (1978), where 

values > 6.5 mg/L (uncontaminated), 4.5-6.5 mg/L (lightly 

contaminated), 2.0-4.4 mg/L (medium tainted), and < 2.0 

mg/L (heavy pollution) and based on Regulation of 

Minister of Environment No. 51/2004 on the Sea Water 

Standard for marine tourism and marine biology. 

Interpretation of fertility indicators by comparing the 

results of water quality and sediment measurements based 

on criteria established by previous researchers.  

 RESULTS AND DISCUSSION  

Water quality  

The average content of NO3-N (Nitrate) ranged 0.497 to 

1.251 mg/L. while the average content of PO4-P 

(Phosphate) ranged 0.094 to 0.107 mg/L. Two nutrient 

content indicators (Nitrate and Phosphate) at station B 

shows the highest concentration than other stations and the 

average content of chlorophyll-α content ranged 0.002 to 

0.014 mg/m3, where chlorophyll-α content average in the 

station A is highest than the other stations (Table 2). 

The average value of current velocity measurements 

ranges 0.050 to 0.055 m/s, where the average value at 

station A has the highest than the other stations. The 

average value of transparency measurements ranged 2.15 to 

2.58 m and the average value of the dissolved oxygen 

range 3.91-4.83 mg/L, If the value of dissolved oxygen was 

compared with criteria by Lee et al. (1978), where values > 

6.5 mg/L (uncontaminated), 4.5-6.5 mg/L (lightly 

contaminated), 2.0-4.4 mg/L (medium contaminated), and 

< 2.0 mg/L (very heavy pollution), it can be said that the 

waters at all stations are not polluted in the middle of 

moderate pollution. The result of measurement of the 

average value of water temperature, pH, and salinity based 

on Regulation of Minister of Environment No. 51/2004 on 

the Sea Water Standard for marine tourism and marine 

biology, it shows that water conditions at all stations are 

still in the natural category.  

Based on analysis using ArcGIS software application, 

there are different distribution patterns of nitrate and 

phosphate content in the three observation stations (Figures 

2.A-B). Station B tends to have a higher concentration of 

NO3-N and PO4-P nutrients than the other two stations. 

However, the distribution of Chlorophyll-α, station A has a 

higher concentration than the other two stations (Figure 

2.C). This difference of assumptions as the cause of 

differences in the pattern of nutrient distribution.  

Sediment quality  

The average of sediment nutrient of phosphor (P) 

ranges from 0.006 to 0.057 mg/g with the station A is 

highest than the other station, and the average phosphorous 

(PO4-P) content ranges from 0.011-0.033 mg/g and station 

C is highest than the other station. Sediment texture 

analysis from all stations observed showed categorized 

sand (Table 3).  
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Tabel 2. Water quality parameters in the Menjangan Besar Island, Karimunjawa, Central Java, Indonesia  

 

Variables   
Station A (replication) Station B (replication) Station C (replication) 

1 2 3 4 Aver. 1 2 3 4 Aver. 1 2 3 4 Aver. 

Nitrate (NO3-N) mg/L 0.481 0.609 0.737 0.673 0.625 1.411 1.283 1.058 1.250 1.251 0.449 0.609 0.321 0.609 0.497 

Phosphate (PO4-P) mg/L 0.106 0.098 0.083 0.087 0.094 0.125 0.128 0.098 0.075 0.107 0.083 0.098 0.125 0.109 0.104 

Chlorophyll-α mg/m3 0.013 0.014 0.014 0.013 0.014 0.013 0.002 0.005 0.007 0.007 0.002 0.002 0.001 0.002 0.002 

Water depth  m 6.50 5.70 6.60 5.90 6.18 5.00 4.40 5.30 4.20 4.73 4.50 4.60 4.30 4.70 4.53 

Transparency m 2.40 2.60 2.80 2.50 2.58 2.10 2.20 2.20 2.10 2.15 1.50 1.50 3.00 3.00 2.25 

Current velocity m/s 0.046 0.071 0.051 0.053 0.055 0.037 0.065 0.048 0.050 0.050 0.046 0.060 0.050 0.047 0.051 

Dissolved oxygen mg/L 4.80 4.90 4.85 4.75 4.83 3.70 3.90 3.85 4.20 3.91 4.40 4.60 4.50 4.20 4.42 

pH  6.4 6.2 6.3 6.3 6.3 6.4 6.6 6.5 6.7 6.6 7.2 6.9 7.1 6.9 7.025 

Temperature oC 30 30 31 30 30 31 31 31 32 31 32 31 31 31 31.25 

Salinity ppt 33 33 33 33 33 32 32 33 33 33 32 33 33 31 32.25 

 

  

 

Table 3. Parameters of sediment quality and sediment texture in Menjangan Besar waters, Karimunjawa, Central Java, Indonesia  

 

Variable Unit 

Station A 

 (replication) 

Station B 

 (replication) 

Station C 

 (replication) 

1 2 Average 1 2 Average 1 2 Average 

Phosphor (P) mg/g 0.110 0.004 0.057 0.008 0.003 0.006 0.007 0.014 0.011 

Phosphat (PO4-P) mg/g 0.034 0.013 0.024 0.011 0.011 0.011 0.024 0.042 0.033 

Organic Matters % 3.340 3.850 3.595 3.320 3.180 3.250 2.130 3.070 2.600 

C-Organic % 0.030 0.030 0.030 0.030 0.030 0.030 0,.030 0.030 0.030 

pH Sediment   61 6.1 6.10 6.3 6.2 6.25 6.1 5.9 6.00 

Temperature of sediment  oC 31.0 31.0 31.0 30.0 31.0 30.5 31.0 31.0 31.0 

Salinity ppt 40.0 40.0 40.0 39.0 38.0 38.5 39.0 39.0 39.0 

           

Sediment category   Sand Silt Clay Sand Silt Clay Sand Silt Clay 

Sediment fraction  % 93 5.71 1.31 94.02 3.8 2.18 92.1 3.76 4.13 

Sediment texture   Sand Sand Sand 

 

 

 

Table 4. Interpretation of fertility and disturbance indicators based on water and sediment quality in Menjangan Besar waters, 

Karimunjawa, Central Java, Indonesia  

 

Variable Unit 
Research 

results 
Status Description 

   
   

Water quality  
   

Nitrate (NO3-N)  mg/L 0.497-1.251  Oligotrophic-Mesotrophic Vollenweider (1968)  

Phosphate (PO4-P) mg/L 0.094-0.107  Eutrophic Vollenweider (1968)  

Chlorophyll-α mg/m3 0.002-0.014 Oligotrophic Parslow et al. (2008) 

Dissolved Oxygen  mg/L 3.91-4.83 Low-medium pollution  Lee et al. (1978)  

Transparency  m 2.15-2.58 Mesotrophic Henderson et al. (1987) 

pH  6.3 -7.025 Mesotrophic Henderson et al. (1987)  

   
   

Sediment quality  
   

Phosphorus ( P )  mg/g 0.006 -0.05 Low Rosmarkam dan Yuwono (2002)  

Phosphat (P-PO4) mg/g 0.011-0.330 low Rosmarkam dan Yuwono (2002) 

Organic Materials % 2.6 -3.59 Low Reynolds (1971) 

 

 
Table 5. Bacterial content in the Menjangan Besar waters, Karimunjawa, Central Java, Indonesia 

 

Station 
Water Bacteria (CFU/ml) Sediment Bacteria (CFU/g) 

Total Nitrosomonas Nitrobacter Total Nitrosomonas Nitrobacter 

A 8.4 x 103 < 3.0 < 3.0 8.2 x 105 2,300 71 

B 2.7 x 103 < 3.0 < 3.0 1.8 x 105 2,400 74 

C 3.9 x 103 < 3.0 < 3.0 2.9 x 105 3,100 77 

Average 5.0 x 103 < 3.0 < 3.0 4.3 x 105 2,600 74 
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Figure 2. Spatial distribution of nitrate,phosphate and chlorophyll-α in the Menjangan Besar waters, Karimunjawa, Central Java 

Province, Indonesia. A. Nitrate, B. Phosphate, C. Chlorophyll-α 

 

 

 

 

 

 
 

Figure 3. Spatial distribution of sediment bacteria in the 

Menjangan Besar waters, Karimunjawa, Central Java, Indonesia 

 

 

 

The water quality analysis shows that status of nitrate 

nutrient is oligotrophic to mesotrophic, whereas 

chlorophyll-α status is oligotrophic, dissolved oxygen 

status is light to medium pollution, transparency and pH 

both in the mesotrophic status (Table 4). Sediment quality 

analysis shows that nutrients (phosphorus, phosphate, and 

organic material) in the study area was low. The low status 

of sediment quality in the study area is due to the 

dominance of the sediment fraction by the type of sandy 

texture, thus giving effect to the waters fertility condition.  

Bacteria content  

 The average total bacteria and nitrifying bacteria content 

in the sediments is higher than in the water column (Table 

5).  

The total content of water bacteria in area study from 3 

station ranges between 2.7 x 103 to 8.4 x 103 CFU/mL, with 

average content 5.0 x 103 CFU/mL and the nitrifying water 

bacteria of Nitrosomonas and Nitrobacter have content < 

3.0 CFU/mL with average content < 3.0 CFU/mL. While 

total sediment bacteria content ranges 1.8 x 105 to 8.2 x 105 

CFU/g, with the average content 4.3 x 105 CFU/g, and 

nitrifying sediment bacteria of Nitrosomonas and 

Nitrobacter ranges both 2,300 to 3,100 CFU/g and 71 to 77 

CFU/g with the average content both 2,600 CFU/g and 74 

CFU/g (Figure 3).  

Discussion 

Nitrate (NO3-N) and Phosphate (PO4-P) are the two 

nutrient variable used to describe the status of water 

fertility (Henderson et al. 1987), where the Nitrate and 

Phosphate are the two nutrients contributing to 

eutrophication in the aquatic ecosystem, and the leading 

factor that determines the level of aquatic fertility. 

Sediment and water column nutrients are an integral part of 

the nutrient cycle of the aquatic ecosystem. This nutrients 

cycle is the interaction between components formed 

through mass flow and energy and transformation. The 
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ability of nitrogen in assimilating phytoplankton plays an 

important role in the dynamics of primary production 

(Ryther and Dunstan 1971; Eppley et al. 1979 in Henriksen 

and Kemp 1998). The availability of nitrate from 

biophysical-chemical processes in the aquatic environment 

is used for phytoplankton growth through photosynthesis, 

and with the support of water quality and bottom sediment 

will affect waters productivity. Nixon (1981) states that the 

nutrient cycle in coastal waters is an integral part of the 

biochemical process in the water column and sediments, 

where there is a strong correlation between the organic 

material produced in the sediment and the organic matter 

consumed by the benthic organism. Nutrients change 

dynamically depending on many factors, such as pH, 

dissolved oxygen, and bacteria. The nutrients changes 

dynamic depends on many factors, such as pH, dissolved 

oxygen, and bacteria. Furthermore, the condition is 

triggered by the denitrification phenomenon of nitrogen 

which causes no accumulation of nitrogen in the sediments. 

Sediments accumulate phosphorus from the remains of 

dead plants and animals will be decomposed by bacteria 

before it settles on the seabeds. Paytan and McLaughlin 

(2007) suggest that Phosphorus compounds bound to 

sediments can experience decomposition with the help of 

bacteria.  

The results of Nitrate measurements in the water 

column showed that the fertility status in the Karimunjawa 

waters was classified as oligotrophic to mesotrophic with 

Phosphate values classified as eutrophic (Vollenweider 

1968), while the results of measurements of Nitrate and 

Phosphate in sediments showed low fertility status 

(Rosmarkam dan Yuwono 2002). The condition of 

oligotrophic status in these waters is supported by the 

results of previous studies in Karimunjawa waters (Isnaeni 

et al. 2015), namely with a value of Nitrate content of 0.01 

mg/L, which is classified as oligotrophic (Vollenweider 

1968), where shown poor nitrate and low productivity. 

Similarly, based on the chlorophyll indicator shows 

oligotrophic status (Parslow et al. 2008). However, in terms 

of supporting water quality parameters, such as dissolved 

oxygen, transparency and pH tend to be natural, such as 

low to moderate dissolved oxygen (Lee et al. 1978), 

transparency and pH are mesotrophic (Hendarson et al. 

1987). 

Measurements of sediment quality of Phosphate, in 

particular, results differ from the quality of Phosphate in 

water. The Phosphor transformation value Reynolds 

(me/100 gram) according to Rosmarkam and Yuwono 

(2002) indicate lower category. The sandy texture of the 

sediments may be the contributing factor. Sand absorbs 

nutrients lower than silt and clay fractions; Sandy texture 

also contains lower organic materials as sandy soil allows 

high oxidation causing quick run-out of organic materials. 

This condition causes the level of organic material to be 

categorized low. Soil texture also determines the 

infiltration rate, permeability and the ability of soil to retain 

water. Sandy soil has lower water content, while according 

to Bailey et al. (1986), the increase of water supply due to 

temperature leads to the organic material increase, vice 

versa. It can be concluded that the waters fertility in 

Menjangan Besar is determined by not a single factor but 

some contributing factors, among others hydro-

oceanographic factors.  

The total sediment bacterial content is higher than the 

total water bacterial content (Table 5). This result is in line 

with the findings of Hanafiah, et al. (2009) that the 

population of bacteria is found mostly in the sediments. 

Some of the bacteria are from the family 

Corynebacteriaceae which reaches around 65% of the total 

bacteria population in the sediments. Second in rank is 

Bacillus which contributes 25% of the total bacteria 

population in the sediments. Another 10% is dominated by 

Agrobacterium Azotobacter, Nitrosomonas, Nitrobacter, 

Rhizobium, Pseudomonas, Achromobacter, Clostridium, 

and Sprilum. The results of the analysis of Nitrosomonas 

and Nitrobacter in the surface sediments were 2,300-3,100 

CFU/g and 71-74 CFU/g respectively. If the results of this 

study were compared with the results of Setiabudi (2007) 

study on the similar type of bacteria in Kaping Bay, Bali, 

each of 400-39,000 CFU/g and 110-700 CFU/g, the results 

of this study would indicate a lower value. The relatively 

low content of both bacteria (Nitrosomonas and 

Nitrobacter) in the Menjangan Besar waters was thought to 

be due to the effects of anthropogenic activities in the 

Menjangan Besar waters that have not provided a 

dangerous condition for the environment. While nutrients 

(Nitrate and Phosphate) showed oligotrophic to 

mesotrophic category.  

The nitrification potential at the sediment surface is 

affected by grazing and fecal pellet formation of the 

macrofauna (Henriksen and Kemp 1988). Nitrification 

Bacteria plays an important role in the oxidation process 

that changes ammonium to nitrate through a two-phase 

reaction (Kusumastuti et al. 2013). In the first process, 

oxidation of ammonium NH4+ occurs from the reduced 

form producing “intermediate” compound which is 

oxidation to nitrite NO2
-, then second, changes from nitrite 

to nitrate NO3
-. The common significant bacteria in the 

nitrification process are bacteria within the genus 

Nitrosomonas and Nitrobacter. Results of the measurement 

of nitrification bacteria (Nitrosomonas and Nitrobacter) on 

the sampling sites indicate that the Nitrification bacteria 

content in the sediments is higher than that in the water 

column. This result is considered normal as the 

accumulation of organic particles settled in the river bed 

serves as a media for the bacteria to perform the ecological 

functions. Effendi (2003) supports this finding as it is 

stated that the growth of bacteria is normally influenced by 

the domination of bacteria involved in the nitrification, that 

is, the change from ammonium oxidation to Nitrite and 

Nitrate. Bacteria whose habitat attached to the sediments of 

other solids perform slower rate of nitrification bacterial 

growth compared to that of heterotroph bacteria. The 

growth rate of bacteria depends on the dissolved oxygen 

and organic materials. Based on the image data analysis 

(Figure 3), the bacteria content with high abundance is 

observed in the location around station A, which is in line 

with the results of phosphate sediments. Phosphorus 

sediment fixation is influenced by the bacteria activity, 

types of soil and the lithogenous source. 
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The anthropogenic tourism and marine aquaculture 

activities (fish cage) produced organic waste disposal 

materials in these waters. The organic waste disposal input 

has the potential to increase the eutrophication process. The 

existing condition of fish cage in the Menjangan Besar 

waters of about 3 units per unit is 20 plot, which is 

estimated at a size per plot of 25 m2, so total area affected 

of more than 1500 m2, with the intensive feeding pattern, 

by feeding 2 times daily during the maintenance period of 6 

months and doses 5-10% of cultivated fish biomass < 100 g 

and 3-5% for cultivated fish biomass >100g (aquatic.co.id), 

it is suspected that wasted feed is relatively high, so it has 

the potential to reduce the waters quality. As well, the 

existing conditions of tourism supporting activities on the 

increasing tourists visiting have the potential to reduce the 

waters pollution. The existing conditions of tourism 

activities where each year increases. Statistical data of 

tourist visits in Jepara district which entered into 

Karimunjawa, recorded in 2017 as many as 77,056 visitors 

(Tourism Information Center Jepara 2017). If assumed per 

person the visitor generates domestic waste of 2 kg per 

person per day (SNI 3242 : 2008), so the contribution of 

the domestic waste load to the environment is 154,112 kg 

per person per day, and if length stay of visitor 3 days, then 

the amount of waste that is dumped into the environment is 

equal to 462,336 kg. The burden of waste discharged into 

the Menjangan Besar waters creates the potential for 

eutrophication. This eutrophication potential is supported 

by the presence of Nitrate input from the mainland of the 

city of Karimunjawa which enters into the Menjangan 

Besar. According to the results of research by Hadi, et al. 

(2006), there has been a process of degradation of the 

groundwater quality in the Karimunjawa city, where the 

ammonium value of groundwater tends to increase, which 

is then accompanied by an increase in the value of nitrate. 

Based on the geomorphological structure of the coast, 

nitrates stored in groundwater enter the waters of 

Menjangan Besar. It is further stated that the storage of 

nitrate in groundwater is thought to originate from the 

decomposition of organic nitrogen from domestic/organic 

waste. The presence of ammonium in water indicates the 

pollution that has just occurred.  

In conclusion, the relatively high content of 

Nitrification bacteria in the sediments compared to that in 

the water gives effects to the change in ammonia oxidation 

in the dynamic formation of nitrite and nitrate compounds 

on the aquatic seabed. However, the low quality of water 

and sediment, in particular pH, current velocity, clarity, and 

dissolved oxygen, as well as organic matters, are 

considered to contribute to the decrease of aquatic 

ecosystem quality potentially. The results of nutrients 

measurements confirm this result both in the water column 

and the sediments which indicate that the water quality 

falls into the category of oligotrophic to mesotrophic, or 

low to medium. Supports from related authorities, 

therefore, are required to ensure the stability and 

sustainability of the ecosystem. However, the conditions 

found in the Menjangan Besar waters have not increased 

the dangerous indication, but this condition needs to be 

watched out.  
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Abstract. Imtiaz A, Md Naim D. 2018. Geometric morphometrics species discrimination within the Genus Nemipterus from Malaysia 

and its surrounding seas. Biodiversitas 19: 2316-2322. High demand of fish protein diet and exposure of marine fish to a challenging 

marine environment has increased the importance of advanced fisheries research especially in Malaysian waters, particularly research 

related to taxonomy, biology, diversity, population structure as well as phylogenetic histories of commercially important marine fish 

species to ensure continuous supply of fish and fish products. This current research aimed to explore the potential of geometric 

morphometrics method to discriminate among taxa of genus Nemipterus through body size and shape differences. A total of 171 

individuals representing ten species of genus Nemipterus collected from Malaysia and its surrounding seas were examined. The resulting 

homologous landmarks were subjected to generalized procustes analysis followed by principal component analysis. Principle component 

scores were further investigated to cross-validated discriminant analysis to determine the efficacy of landmarks in discriminating by 

taxon. Our finding shows that species within the genus Nemipterus can be differentiated using geometric morphometrics method as 

strongly depicted by canonical variance analysis. This current study is the first report utilizing geometric morphometrics approach 

conducted on the genus Nemipterus from Malaysian waters.  

Keywords: Geometric, morphometric, Nemipterus, species discrimination 

INTRODUCTION  

Family Nemipteridae is one of the most taxonomically 

complex families of marine fish with a broad range of 

characteristic traits among and within genus (Russell, 

1990). Members of this family live near coral reefs and 

feed on small invertebrates (Edwards 1992). There are 

altogether five genera within this family. In all genera, the 

differences in the anterior part of the body (especially head 

region) are highly pronounced. The genus Nemipterus is 

discriminated by having a slightly compressed small to 

moderate body size with variable streaks on fins and trunk 

and contributes the maximum number of species. 

Furthermore, it is different from the other genera due to its 

variable body color patterns that disappear or fade upon 

being brought out from its natural environment. Its canine 

teeth are present in the form of bands and the presence of 

three transverse rows of scales on the operculum is a 

unique feature that only can be seen in species of this genus 

(Ambak et al. 2012).  

Due to the dependency on marine food in Malaysia, a 

trend of overexploitation has been observed in many 

marine fisheries (Ahmad et al. 2003). The Nemipterids or 

threadfin breams are among one of the most highly landed 

fish group. According to the Malaysian Fisheries annual 

data (Department of Fisheries 2013) and Teh (2017), until 

the year 2010, there have been considerable decreases in 

fish landing as compared to previous years. Ambak et al. 

(2012) reported that the fish landings in Malaysia consist of 

mixed catches with a variety of Nemipterids pooled as a 

single group. Color patterns and various other obvious 

morphometric characters are key parameters for 

segregation of species in family Nemipteridae (Russell 

1990), but these are only accurate in freshly caught 

specimens. Due to the lack of expertise in taxonomic 

identification at the landing sites, the mixed catches are 

rarely segregated into separate species. Thus, in Malaysian 

markets almost all threadfin breams are locally identified as 

‘kerisi’. This would be problematical in any management 

strategies, as the species cannot be prioritized into those 

that are at risk of decline as compared to those at healthy 

levels of population sizes (Imtiaz et al. 2016). 

This current research aimed to explore the potential of 

geometric morphometrics to discriminate among taxa of 

genus Nemipterus through body size and shape differences 

and to access patterns of diversity among members of this 

genus with reference to current taxonomic classification.  

MATERIALS AND METHODS  

Sample collections and study area  

Fishes from family Nemipteridae were randomly 

collected from three main geographically important major 

oceans/seas, i.e., Straits of Malacca (connects the Indian 

Ocean, IO with the South China Sea), South China Sea 

(marginal sea of the Pacific Ocean) and the Arabian Sea 

(AS). These were further divided into seven marine regions 

(Figure 1) namely Indian Ocean, Straits of Malacca (M), 

East South China Sea (ESCS), North South China Sea 
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(NSCS), West South China Sea (WSCS), Sulu Sea (SS), 

and Celebes Sea (CS). A total of 15 landing sites were 

chosen from these marine regions for sampling. These 

include four landing sites of West coast of Peninsular 

Malaysia; Batu Lanchang, Penang (M); Kuala Kedah, 

Kedah (M); Kuala Perlis, Perlis (M); Lumut, Perak (M) 

representing diversity from Straits of Malacca (M), six 

landing sites from Malaysian Borneo; Kota Kinabalu 

(ESC), Tawau (CS), Kudat (SS), Sandakan (SS) all in 

Sabah; Kuching (ESCS) and Mukah (ESCS) in Sarawak 

and two landing sites from East coast of Peninsular 

Malaysia (Chendering and Marang, Terengganu (WSCS), 

two landing sites from Vietnam; Bac Lieu, Can Tho, 

(NSCS), all these locations representing diversity of South 

China Sea (Pacific Ocean) and a single landing site from 

Pakistan (Karachi) (AS-IO) representing diversity of the 

Indian Ocean (Figure 1).  

Samples from Malaysia were transported to the 

Molecular Ecology Laboratory, School of Biological 

Sciences, Universiti Sains Malaysia in a cool box. The 

specimens were cleaned with running water upon arrival to 

the lab, drained and placed with the left side on a flat 

surface with black background for optimum visibility. To 

capture the proper insertion and origin of fins, all fins were 

erected using pins (Figure 2).  

 

 

 
 

 

 
 

 
 

Figure 1. Sampling sites of Nemipterids along the coasts of Malaysia and Neighbouring oceans/seas. Strait of Malacca: 1. Kuala Perlis, 

Perlis, 2. Kuala Kedah, Kedah, 3. Batu Lanchang, Penang, 4. Lumut, Perak. South China Sea: 5. Marang, Terengganu, 6. Chendering, 

Terengganu, 7. Kuching, Sarawak, 8. Mukah, Sarawak 9. Kota Kinabalu, Sabah, 10. Kudat, Sabah, 11. Sandakan, Sabah, 12. Tawau, 

Sabah, 13. Can Tho, Vietnam, 14. Bac Lieu, Vietnam. Indian Ocean: 15. Karachi, Pakistan. 
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Figure 2. Landmarks location on fish body used to analyze the 

body shape variations in genus Nemipterus (refer to Table 1) 

 

 

Table 1. Dataset showing landmarks and description of variables  

 

No. 
Land- 

marks 
Description of variables 

1 1-2 Anterior tip of snout to anterior tip of eye orbit 

2 2-3 Anterior tip of eye orbit to middle of eye 

3 3-4 Middle of eye to end of eye orbit 

4 4-5 End of eye orbit to end of cranium 

5 5-6 End of cranium to origin of dorsal fin 

6 6-7 Origin of dorsal fin to end of dorsal fin 

7 7-8 Dorsal fin insertion to insertion of caudal fin 

8 8-9 Insertion of caudal fin to caudal Peduncle  

9 9-10 Caudal peduncle to insertion of lower lobe of caudal fin 

10 10-11 Insertion of lower lobe of caudal fin to insertion of anal fin 

11 11-12 Insertion of anal fin to origin of anal fin 

12 12-13 Origin of anal fin to insertion of pelvic fin 

13 13-14 Insertion of pelvic fin to origin of pelvic fin 

14 14-15 Origin of pelvic fin to base of cranium 

15 15-16 Base of cranium to end of lower base of operculum 

16 16-17 End of lower base of operculum to end of lower lip  

17 17-1 End of lower lip to tip of mouth  

18 18-19 Origin of pectoral fin to insertion of pectoral fin 

 

 

Samples from other countries (Vietnam and Pakistan) 

were photographed in the field by standard digitizing 

protocol and the right side of the pectoral fin was clipped 

and preserved for further analysis. Traditional 

identification keys (Russell 1990) were used to observe 

meristic and morphometric characters for confirmation of 

genera. Only individuals identified as a member of a 

species from genus Nemipterus were then subjected to 

geometric morphometric analysis.  

Geometric morphometric analysis of data sets: Body 

shape 

The x and y coordinates of the landmarks was recorded 

using the tps Dig software v2.10 (Rohlf 2006) on the 

digital images that were used as a baseline data for further 

analysis. The differences in shape dimensions due to 

variations of angle in digitizing images is reduced by using 

of MorphoJ v1.02h (Klingenberg 2011) that configure 

landmarks into procrustes superimposition and generates a 

consensus configuration as described by Zelditch et al. 

(2004). 

The homologous landmarks were chosen along the 

entire length of fish in order to record maximum variations 

in all samples examined. Basically, 19 homologous 

landmarks were chosen on digitized images of all samples 

so that the landmark configurations on all images describe 

the same positions (Figure 2, Table 1). The procrustes 

superimposition is an important part of geometric 

morphometric because it ensures the minimal differences 

among landmarks chosen on different images.  

The procrustes superimposition removes the degree of 

freedom from landmark configuration of shape data and 

also rotates it along its axis to scale all images to get a 

centroid size. The centroid size is the sum of distances of 

all configured landmarks from the center of the body and is 

used to plot configured landmarks in Kendall’s space shape 

(Kendall et al. 1983). The procrustes distance is the 

distance attained from the square root of sum of squared 

distances between corresponding superimposed configured 

landmarks (Slice 1998). A consensus of configured 

coordinates was also made to show the exact seam points 

between curves of configured landmarks and was used with 

procrustes coordinates in PCA analysis to record variations 

in body shape. Procrustes coordination is necessary to 

conduct PCA because it simplifies observations in 

quantitative data and is widely used currently in 

morphometrics study (Verbeek et al. 2002). 

The outlier is any data that deviates such that it is not 

part of the group. It is diagrammatically presented by a 

deviation curve with cumulative distribution of difference 

in entire landmarks positions from average body shape 

when data is projected in MorphoJ v1.02h (Klingenberg 

2011). The quality of landmark data can be assessed with 

accumulation curve. High deviation in landmark of any 

sample from mean shape can be traced back and is 

recommended to be removed from dataset for further 

analysis. Finally, wireframe was constructed by linking 

landmarks with each other, measured and recorded in order 

to analyze the shape variations.  

Data analyses 

Principal Component Analysis (PCA) 

A PCA was conducted in MorphoJ v1.02h 

(Klingenberg 2011) by generation of the matrix of 

eigenvectors (B) and eigenvalues (L) from disintegration of 

covariance matrix (S) (the matrix consisting of shape 

variables) so that S = BLB. The eigenvectors matrix (B) is 

important to transform the original variables (X) into a set 

of new variables (Y) of principal components so that Y = 

XB. The change in body shape was done by principal wrap 

analysis (PWA) to minimize the angle of variations by 

generation of mean values and the shape changes are 

observed through the various principal components 

produced. The analyses were conducted according to 

species and the mean scores for each species were utilized 

to perform principal component analysis and all subsequent 

analyses. Significant eigenvalues from various PCs were 

used to address the number of variations in different PCs.  
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Canonical Variate Analysis (CVA) 

The canonical variate analysis (CVA) was performed 

on centroid size to explain discriminations among and 

within taxa. MorphoJ v1.02h (Klingenberg 2011) program 

was used along with tps series v2.10 (Rohlf 2010) to 

analyse data and the procrustes distance of mean shape was 

used to conduct cluster algorithm for interpreting phenetic 

relationships. The CVA used covariance matrix among 

groups (B) and premultiplies with inverse of covariance 

matrix within group (W-1) to transform it into canonical 

variate so that W (W + B)-1 projected different groups 

separately in canonical space. The canonical space was 

different from the original variables space because the W 

was transformed from proportional to identity matrix and 

the distances in the transformed spaces was calculated as 

Mahalanobis distances that was used to measure the 

differences among species. High values of Mahalanobis 

distances show greater degree of discriminations and high 

rate of correct classification (McGarigal et al. 2000). The 

Wilk’s lambda (λ) value is used to assess the effectiveness 

of CVA and is given as: λ = W/T = W/W + B; where W is 

sum of squares within groups and B is total sum of squares. 

The Discriminant Function Analysis (DFA) was also 

conducted on all species within genus Nemipterus to record 

their morphological differences based on centroid size. 

RESULTS AND DISCUSSION 

Samples collection 

A total of 210 samples of family Nemipteridae were 

collected from the Malaysian waters and its surrounding 

seas as shown in Figure 1. Of these, 171 individuals were 

identified morphologically into ten different species from 

genus Nemipterus namely N. tambuloides (n= 7), N. 

bipunctatus (n= 13), N. perionii (n= 4), N. thosaporni (n= 

10), N. marginatus (n= 13), N. nematophorus (n= 8), N. 

nemurus (n= 4), N. hexodon (n= 14), N. furcosus (n= 45), 

and N. japonicus (n= 53).  

Shape variations and patterns of body size in 

Nemipterus 

The body shape and size in geometric morphometrics 

are key methods to record morphological variations in 

particular, shape and size variations and also to assess the 

relationships among taxa on the basis of changes in body 

shape (Darlina et al. 2011; Openshaw and Keogh 2014). 

Costa and Cataudella (2007) suggested that geometric 

morphometrics has the ability to discriminate even among 

closely similar species of fish. In this present study, a total 

of 18 variables were generated from 19 homologous 

landmarks and were used to differentiate the taxa based on 

variation in body shapes among 10 species within genus 

Nemipterus (Table 1, Figure 2).  

The choice of maximum number of landmarks increases 

the sensitivity of data so that any minimal differences in 

body shape could also be recorded throughout the entire 

length of fish samples. Among the 18 variables, ten 

variables addressed the shape of anterior region (i.e. head, 

mouth pectoral fin, body depth). These landmark variables 

were able to fully discriminate among species of genus 

Scolopsis in morpho-space of PCA (other studies by 

authors; data not shown). However, in threadfin breams of 

genus Nemipterus, the PCA analysis showed a weak 

differentiation and variations in body shape were not strong 

enough to fully discriminate the species within this genus. 

This was further corroborated by the PCA analysis 

conducted on all individuals examined, which revealed that 

more than 30 components but with low eigenvalues were 

resulted from the analysis. The first component with 

highest variance of 56.87% had an eigenvalue of less than 

0.22% (Table 2). This indicates a low significance because 

eigenvalue > 0.3% is considered as significant (Webster 

and Sheets 2010; Lombarte et al. 2012). However, the first 

four PCs showed 56.87% (head, body depth, pectoral fin, 

body size; PC1), 11.17% (head, body depth, caudal fin; 

PC2), 6.38% (head, caudal fin; PC3) and 5.55% (head, 

pectoral fin; PC4) with a combined variance of 

approximately 80.00% to explain body shape variation in 

two dimensions (Table 2). The weak variations of body 

shapes in Nemipterus was clearly demonstrated by the 

overlapping patterns in the scatterplot of PC1 versus PC2 

(Figure 3), with a very low eigenvalue (< 0.02) that was not 

significant to discriminate among species within genus on 

the basis of mean body shape (Figure 3).  

The findings in this study are similar with Claverie and 

Wainwright (2014) who reported that the first four PCs 

recovered 75.3% of shape variations in various families of 

reef fishes and also suggested that in reef fishes, body 

elongation and fin positions are primary sources of 

discrimination among the species. Likewise, Geiger et al. 

(2016) highlighted that the first four PCs addressed a total 

of 81.3% of body shape variations in the hybrid complex of 

Barbus sp. due to differences in body depth. Thus, the 

variations in head and body shape detected in this study is 

influenced by the presence of different species in variable 

marine zones specifically on the basis of availability of prey.  

The variations among species within genus Nemipterus 

were well explained in CVA analysis (Figure 4). The 

analysis showed that N. japonicus, N. marginatus, N. 

hexodon and N. furcosus were closely related to each other 

on CV1 but N. furcosus has separated from the other group 

on CV2. Similarly, N. nemurus, N. nematophorus and N. 

thosaporni form a closely related group on CV1 but N. 

nemurus is separated from the other two by CV2. Likewise, 

N. bipunctatus, N. tambuloides and N. peronii were 

grouped together in CV1 but separated on CV2. This 

analysis provides a better resolution for intra-genera 

discrimination within Nemipterus compare to the PCA.  

The body shape variations from CVA partial wrap score 

shows a maximum variation in average body shape with 

elongated body in CV1 (Figure 5). Meanwhile, CV2 

described more variations in head region. This pattern was 

also obvious in CV4, however, the variations in head 

region seems more significant in CV2 compared to CV4. 

CV3 contributed to a maximum rate in the body stretching 

that resulted in body elongation (Figure 5). Obviously, 

overall variation was based primarily on the body depth, 

head orientation and the body length that plays an 

important role in identification of Nemipterus as depicted 

by CVA.  
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Table 2. PCA scores of variation among groups, scaled by the inverse of the within-group (P < 0.05)  

 

PCs Eigen values % Variance % Cumulative % Changes in body shape 

PC1 0.224 56.875 56.875 Head, body depth, pectoral fin, body size 

PC2 0.0442 11.176 68.052 Head, body depth, caudal fin 

PC3 0.0252 6.382 74.434 Head, caudal fin 

PC4 0.0219 5.559 79.993 Head, pectoral fin 

PC5 0.0172 4.365 84.357 Head, Caudal fin, overall body shape 

PC6 0.0092 2.326 86.683 Head, Caudal peduncle, overall body shape 

PC7 0.0088 2.148 88.831 Head, Trunk stretch, overall body shape 

PC8 0.0074 1.883 90.714 Overall body shape 

PC9 0.0062 1.573 92.287 Overall body shape 

PC10 0.0057 1.441 93.728 Overall body shape 

PC11 0.0039 0.993 94.721 Overall body shape 

PC12 0.0031 0.802 95.523 Overall body shape 

PC13 0.0027 0.699 96.222 Overall body shape 

PC14 0.0020 0.522 96.745 Overall body shape 

PC15 0.0017 0.452 97.197 Overall body shape 

PC16 0.0016 0.417 97.613 Overall body shape 

PC17 0.0013 0.339 97.952 Overall body shape 

PC18 0.0012 0.304 98.256 Overall body shape 

 

 

 

 

 

 

Figure 3. Principal Components Analysis of Nemipterus shows 

PC1= 56.87% and PC2= 11.17%, accounting for 68.05% of total 

variation in 10 species 

 
 

 

 

 
 

Figure 4. Canonical Variate Analysis of genus Nemipterus 

showing CV1= 56.87%, CV2= 11.17%, accounting for 68.05% of 

total variation in ten species 

It is well documented that morphology of many species 

is related with their habitat (Taylor 2000; Jonsson and 

Jonsson 2001). The findings of the present study are similar 

with the findings by Park et al. (2001) who conducted a 

morphometric study on Rhynchocypris sp. and reported that 

the changes in head morphology is important to 

discriminate the species. They further explained that 

changes in head morphology relates with habitat and 

availability of prey. Our findings are also congruent with 

the geometric morphometric study by Bilici et al. (2015) on 

two closely similar species (Cyprinus kais and C. 

macrostomous) from family Cyprinidae. Their research 

reveals that the variations in body shape have significantly 

discriminated between the two species. Furthermore, 

variations in head is more pronounced between the two 

species where C. kais has shorter head (in height) in which 

insertion of dorsal fin is a bit backwardly directed and has a 

narrow caudal peduncle as compared with C. 

macrostomous. The differences in head shape of 

Nemipterids as observed in the wireframe PC zone (Figure 

5), points out to the possibility of variable preference for 

prey distributed at various zones of the ocean. Similar 

result was also reported by Love and Chase (2009), which 

suggested that head shape differentiations in scup, 

Stenotomus sp. are due to the differences in feeding habits. 
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Figure 5. Visualization of shape variation along CV1 to CV4 by 

partial wrap along wire frame showing average shape variations. 

CV1 contributing a maximum variation along head region. CV2 

shows body stretching to maximize body depth and fusiform 

body. CV3 contributed squeezing of head to form a more 

streamlined position. CV4 contributed to variations in abdominal 

region 

 

 

 

Pairwise differences among taxa  

In this study, N. peronii was the most diverge from all 

other species (Table 3). The maximum value based on 

Procrustes distance was 7.2% between N. peronii and N. 

nematophorus whereas minimum distance of 2.3% was 

recorded between N. japonicus and N. hexodon. The later 

indicates that both species are highly similar in mean body 

shape whereas the p value for all distances was < 0.01 

which shows significance of the results. The maximum 

procrustes distance recorded in N. peronii is due to the 

reasons that the shape of this taxa is more diverged from 

the rest of the taxa. Russell (1990) reported N. peronii as a 

deep body fish of the genus Nemipterus as compared to 

other taxa in this genus. The results of Goodall’s test and F 

statistics are congruent with CVA procrustes distance and 

are shown with asterisk (*) in Table 3. 

Our study shows a significant Procrustes and 

Mahalanobis distances among species within Nemipterus 

and this strongly suggested that each taxon represents a 

separate group. The changes in body shape are the basis for 

habitat diversity and ecological adaptations (Robinson and 

Wilson 1994). Marine ecosystem contains many zones that 

differ in several ecological characteristics such as sunlight 

penetration, food availability and water velocity 

(Brinsmead and Fox 2002; Adibah and Darlina 2014). The 

long and shallow body shape with very low body 

compression support adaptation in a habitat of coastal 

inshore benthic water habitat in Nemipterus. Nemipterids 

have adapted variable zones of ocean as well as multiple 

choices of prey that include small crustaceans, fish larva 

and also juvenile fish (Russell 1990). The presence of 

differences and ecological adaptations (feeding, swimming 

etc.) in body shape among closely related marine taxa 

present in variable marine zones provides evidence of 

divergences in their genes in molecular studies 

(Langerhans et al. 2003) that further helps to address 

phylogenetic question of a particular marine taxa. 

Although the significant p value reflects the authenticity 

of geometric data but the presence of low sample size and 

less species are limitations of the current study. Ferdous 

(2013) received low success rate of only 22% to recover 

phylogenetic signals based on differences in body shape 

and adipose tissue in a geometric dataset of Family 

Cyprinidae. Furthermore, the number of individual for 

some species investigated in this study was limited with 

only four individuals (N. peronii and N. nemurus). It is also 

well understood that the quantitative data such as geometric 

morphometrics does not predict true phylogeny as what the 

molecular data can suggests (Imtiaz et al. 2017). However, 

the question of discrimination among taxa on basis of 

shape differences can be resolved on the basis of the 

geometric taxonomy as demonstrated in this current study.  

To conclude, this is the first report of geometric 

morphometrics method conducted on the genus Nemipterus 

aimed to interpret body shape variations within member 

species of the genus. The results revealed that species of 

Nemipterids can be differentiated using geometric 

morphometrics. The body shape variations among the 

species are clearly shown by CVA analysis and play a key 

role in species discrimination of the genus.  
 

 

 

Table 3. Canonical Variate Analysis (CVA) procrustes distances among different taxa of genus Nemipterus. An asterisk (*) shows the 

confirmation from Goodall’s F test and F statistics 

 

Species names 
N. 

bipunctatus 

N. 

furcosus 

N. 

hexodon 

N. 

japonicus 

N. 

marginatus 

N. 

nematophorus 

N. 

nemurus 

N. 

peronii 

N. 

tambuloides 

N. furcosus     0.037         
N. hexodon   0.038* 0.044        
N. japonicus  0.049 0.053 0.023       
N. marginatus  0.053 0.049 0.052 0.043*      
N. nematophorus  0.048 0.057 0.031 0.041 0.053     
N. nemurus   0.039 0.039 0.047 0.054* 0.032 0.049    
N. peronii   0.065 0.038* 0.062 0.062 0.042 0.072 0.048   
N. tambuloides    0.031 0.039 0.033 0.042 0.041 0.061 0.032* 0.064  
N. thosaporni  0.051* 0.063 0.048 0.054 0.048 0.042* 0.048 0.059 0.052 
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Abstract. Yora M, Syukur M, Sobir. 2018. Characterization of phytochemicals and yield components in various okra (Abelmoschus 

esculentus) genotypes. Biodiversitas 19: 2323-2328. Okra is a group of vegetable and medicinal plants possessing various health 

benefits. This plant has different shapes, colors and nutritional content. In Indonesia, this plant has not been widely cultivated, because 

the socialization and information of okra benefits to the Indonesian people are still limited. The aims of this study were to analyze 

phytochemicals, anthocyanins and carotene content, and to analyze the correlation among okra genotypes based on their morphological 

characters. This study was conducted from September 2017 to January 2018, using Complete Randomized Group Design with three 

replications and 13 genotypes namely PB01Nai, PB02Zah, PB03Clem, PB04Stri, PB13-293, PB05-291, PB06-004, PB07-127, PB08P1, 

PB09P2, PB10-MC, PB11-069, and PB12-OR. The observation was made on the variables of phythochemical, anthocyanin, carotene, 

chlorophyll and yield components on okra fruit. The results showed that all okra fruits have steroid phytochemical content and some of 

them had phytochemical content of Saponin and Tanin. Based on the carotene and chlorophyll analysis of 13 okra fruit genotypes, it 

showed that PB11-069 genotype contained the highest carotene and chlorophyll contents. While okra fruit having the highest 

anthocyanin content was PB05-291. The results of cluster analysis showed that okra was clustered into three color groups. The 

anthocyanin content found in okra fruit does not correlated with the yield component variable. Chlorophyll-α, β, and total chlorophyll 

are positively correlated to carotene in okra fruit and variable number of fruits. The character of number and weight per plant greatly 

influences the determination of the selection process. Accordingly, the characters can be used as a selection character so as to produce a 

high yield okra containing high chlorophyll and carotene contents.  

Keywords: Antocyanin, caroten, chloropyhll, phytochemicals, yield components 

INTRODUCTION 

Okra includes a group of vegetable and medicinal 

plants that have good nutrition for health. This is supported 

by the results of plant work (2010) which showed that okra 

is one of 940 plant species in Indonesia which is 

efficacious as a medicinal plant (Nugroho, 2010; Prakoso 

et al. 2016). However, this development is sluggish in 

Indonesia, because the socialization and information about 

the benefits of okra to the Indonesian people are limited. 

Based on the color of the fruit, okra is divided into 

green and red which has a variety of nutrients and minerals. 

Okra fruit contains vitamins, calcium, and potassium 

IBPGR (1991). Okra also contains other nutrients, namely 

protein 2.0g; 0.1 g fat; 7.6 g carbohydrates and 33 kcal per 

100 g. Okra fruit can reduce serum cholesterol, which can 

reduce heart disease or cardiovascular problems (Sindhu et 

al. 2016). In Ethopia, okra fruit is used to eliminate blood 

sugar levels for diabetics (Gemede et al. 2015), that is 

obtained from special fiber content (Kumar et al. 2013). 

Okra fruit also contains protein and oil riching in linoleic 

acid, unsaturated fatty acids and coffee extract free from 

dried seeds (Gemede et al. 2015). 

Increased production of okra plants can be influenced 

by flowering age, plant age, fruit diameter, fruit length, 

fruit weight and internode distance. The Laboratory of 

Genetics and Plant Breeding, Department of Agronomy 

and Horticulture, IPB has a total of 13 okra genotypes. This 

collection is used to study its genetic diversity which is 

evaluated based on morphology, phytochemical, 

anthocyanin, carotene, chlorophyll and its production. 

Correlations between real characters play an important 

role for quantitative character selection because the 

description of genetic abilities is difficult, because of the 

influence of the environment. A close relationship between 

the desired characters and unattended characters can 

increase the work effectiveness of breeders in the selection 

process (Falconer and Mackay 1996). This study aimed to 

know phytochemicals and antioxidants contents in okra 

fruit, to cluster 13 okra genotypes and to analyze the 

correlation between the characters of the yield components, 

anthocyanin, carotene, and chlorophyll so that some of 

these characters become special identifiers of a genotype. 

MATERIALS AND METHODS 

Study area and genetic material  

This research was conducted at the Bogor Agricultural 

University Experimental Garden, Dramaga Subdistrict, 
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Bogor, West Java, Indonesia in October 2017 until January 

2018. Analysis of chlorophyll, carotene and anthocyanin 

were carried out in the Postharvest Laboratory of the 

Department of Agronomy and Horticulture, Bogor 

Agricultural University, West Java, Indonesia. Phytochemical 

analysis was carried out at the Laboratory of the 

Biopharmaca Study Center, Bogor Agricultural University, 

Indonesia. The genetic material used in this study consisted 

of 13 okra genotypes namely PB01Nai, PB02Zah, PB03Clem, 

PB04Stri, PB13-293, PB05-291, PB06-004, PB07-127, 

PB08P1, PB09P2, PB10-MC, PB11-069, PB12 -OR. This 

genetic material is a collection of Genetics and Plant 

Breeding Laboratories, Department of Agronomy and 

Horticulture, Faculty of Agriculture, Bogor Agricultural 

University. The design used was a complete randomized 

group design (RKLT) with three replications with a plot 

area of 5m x 1m. 

Procedures 

Morphological characterization 

The seedlings with 2-3 perfect leaves were planted after 

± 14 days of sowing. Plants were watered every day in the 

afternoon as maintenance. The plants were fertilized with 

NPK solution (16: 16: 16) 10 g l-1 once a week, in which 

250 ml of fertilizer solution was applied in each plants. The 

plants were then sprayed with fungicides with active 

ingredients mancozeb 80% or propineb and prefenophos 

active insecticides. The weed growing around the plants 

was manually removed. The plant harvesting was done in 

the 6th week after planting, and carried out once every two 

days within a month. Okra fruit was ready to be harvested 

after the fruit size was 10-12 cm long or 5-10 days after 

flowering time. 

Observations were made on qualitative and quantitative 

characters, including plant growth habitus variables, 

branching forms, stem color, stem color intensity, leaf 

shape, leaf color, petiole color, flower crown color, young 

fruit color, shape of fruit surface, number of locules on 

fruit, fruit tip shape, fruit base shape, seed shape, seed 

color, fruit weight per plant, number of fruit, fruit weight, 

internode distance, fruit length, fruit diameter. 

Observations on these variables refer to the International 

Union for The Protection of New Varieties of Plant testing 

guide (UPOV 1999) and the National Bureau of Plant 

Genetic Resources (NBPGR 2000). 

Phytochemicals 

Okra fruits with the size of 10-12 cm long or at the age 

of 5-10 days after flowering time were prepared by 

cleaning okra, which were then cut thin and dried under the 

sun for about 5 days until the moisture content was <10%. 

The fried okra was ground until it obtained 100 mesh of 

powder. The okra powder was weighed as much as 100 g, 

which was then extracted by maceration method according 

to the method approached by Nurcholis et al. (2015), using 

70% ethanol solvent at a ratio of 1: 10 for 48 hours. Every 

1 x 24 hours the filtrate was taken by filtering, then 

extraction was continued 1x24 hours according to the 

previous stages. The collected filtrate was then evaporated 

with a vacuum evaporator (evaporator) to obtain a thick 

extract at a temperature of ± 50°C. Extraction was done in 

a simple way without repetition. 

The extract results were analyzed qualitatively by 

phytochemical content based on standard methods 

according to Harborne (1998) to determine the presence of 

secondary metabolite compounds, i.e., tannin, saponins, 

terpenoids, and steroids. The addition of 1% FeCl3 in the 

extract resulting in a dark blue color indicated the presence 

of tannin compounds. The sample contained saponin 

compounds if the presence of foam was shown during the 

dissolution sample with distilled water followed by heating 

and shaking process. The sample extract with Lieberman 

Burchard reagent giving a red/blue color indicated the 

presence of terpenoids, while if the color blue/green 

showed the presence of steroids. 

Chlorophyll, carotene, and anthocyanin analysis 

Fresh okra fruit was cut and weighed about 100-200 

mg. Each piece of okra fruit was then put into a tube and 

stored in the freezer for 1x24 hours. Each step and analysis 

process of chlorophyll, carotene and anthocyanin were 

analyzed according to the procedure developed by 

Lichtenthaler (1987) and Sims et al. (2002). 

Data analysis 

Data analysis was performed using ANOVA, cluster 

analysis, and correlation analysis. Phenotypic correlation 

coefficients were calculated by standard procedures 

(Johnson et al. 1955). The analysis was carried out using 

PB-STAT software, and STAR. Analysis of anthocyanin, 

carotene, chlorophyll and phytochemistry was carried out 

by analyzing the results of extraction of young okra fruit 

using spectrophotometry and HPLC so that the quantitative 

data of phytochemical content of okra, i.e., anthocyanin, 

betacarotene, chlorophyll and the qualitative content of the 

phytochemical content of okra were obtained. 

RESULTS AND DISCUSSION 

Okra belongs to a group of vegetable and medicine 

plant which have a high benefits for the body. The 

phytochemical contents of okra fruit are crucial to be 

elucidated in order to support okra benefits. Phytochemical 

(qualitative) content of fruit extracts of 13 okra genotypes 

was presented in Table 1. All okra fruits have steroid 

secondary metabolites. All types of steroids and their 

metabolites had an important role in medical science, 

biochemical and physiological. In medical science, 

synthetic steroids are used for antibiotics, osteoporosis 

medicine, and anesthesia (Sultan et al. 2015). The result 

showed that saponin was found in PBNai, PB04Stri, PB13-

293, PB07-127, PB11-069, PB09P2, and PB08P1. Barky et 

al. (2017) explained that saponin can be used to reduce 

blood glucose levels, which was efficient in the 

remediation of diabetes mellitus. In addition, Marrelli et al. 

(2016) also described the important role of saponins 

pharmacological compounds as antifungal, insecticidal, 

anthelmintic, cytotoxic, anti-inflammatory, immuno-

stimulant, hypocholesterolemic and hypoglycemic. 
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Secondary tannin metabolites were found in the 

PB02Zah, PB05-291, PB13-293 and PB11-069 genotypes. 

Tannins contained in the plant tissues both in the leaves 

and fruit could be used to relieve throat disease, diarrhea, 

dysentery. It could also cause regression of the tumors if it 

was consumed in the long term so that the tumor contained 

in the body tissues could be healed (Ashok et al. 2012). 

Tannin in the medical sciences compound acts as an 

antidiarrheal, hemostatic, and anti-hemorrhoidal. Anti-

inflammatory effects contained in the tannin can help to 

control several disease indications such as gastritis, 

esophagitis, enteritis, and chronic intestinal disorders 

(Ashok et al. 2012). Tannins play a role in decreasing 

blood glucose levels because tannins are astringent, which 

works to preserve intestinal mucous membrane proteins 

and form a layer that protects the intestines, which inhibits 

blood glucose uptake (Rotblatt et al. 2002). However, 

quinon and triterpenoid secondary metabolites were not 

identified in okra fruit. 

Another secondary metabolites, carotene can be 

obtained from vegetables possessing a dark green and 

yellow color (Khoo et al. 2011). The amount of 

anthocyanin, carotene, and chlorophyll contained in okra 

fruit was presented in Table 2. PB11-069 genotype had the 

amount of chlorophyll-α of 0.102mg/100g, while 

chlorophyll-β was 0.041 mg/100g, and total chlorophyll 

was 0.143 mg/100g and also the highest carotene content 

(0.0342mg/100g) of all used genotypes sample. The 

density of green in the fruit will affect the increased 

amount of carotene and chlorophyll in the fruit. Khoo et al. 

(2011) explained that there is a bond between carotenoids 

and chlorophyll which affects the color produced in the 

fruit. Khoo et al. (2011) also reported that the carotenoids 

in okra consisting of alpha-carotene (0.028mg/100g) and 

beta-carotene (0.43mg/100g). In addition, Block (1994) 

reported that the number of carotenoids obtained from okra 

ranged around ± 0.1%. Carotenoids and chlorophyll also 

play an important role in the prevention of various diseases 

such as cancer, cardiovascular disease and several other 

chronic diseases (Znidarcic et al. 2011). Chlorophyll is a 

green pigment containing plant cell chloroplasts. 

Chlorophyll pigments are not only very useful in 

photosynthesis, but also beneficial to human health. 

Chlorophyll has therapeutic properties which are useful for 

stimulating the immune system, preventing cancer and 

often used in cancer chemotherapy, normalized blood 

pressure, and preventing anemia (Inanc 2011). 

 

 

 

Table 1. Analysis of phytochemical content on fruit characters 13 okra genotypes 

 

Genotypes 
Phytochemical 

Tannin Saponins Quinon Steroid Triterpenoid 

PB01Nai - + - + - 

PB02Zah + - - + - 

PB12-OR - - - + - 

PB04Stri - + - + - 

PB05-291 + - - + - 

PB13-293 + + - + - 

PB06-004 - - - + - 

PB07-127 - + - + - 

PB10-MC - - - + - 

PB11-069 + + - + - 

PB03Clem - - - + - 

PB09P2 - + - + - 

PB08P1 - + - + - 

Note : + = presence; - = absence 

 

 

Table 2. Middle value 13 anthocyanin, carotene and chlorophyll content in okra fruit 

 

Genotypes Chlorophyll-α Chlorophyll-β Total chlorophyll Carotene Anthocyanin 

PB01Nai 0.049ef 0.018ef 0.067ef 0.017ef 0.004d 

PB02Zah 0.055def 0.022def 0.077def 0.019def 0.008abc 

PB12-OR 0.045f 0.018ef 0.063ef 0.017ef 0.005bcd 

PB04Stri 0.078bc 0.030bcd 0.109bc 0.026bc 0.006 abcd 

PB05-291 0.0367f 0.014f 0.051f 0.014f 0.009a 

PB13-293 0.964ab 0.033ab 0.133ab 0.031ab 0.005cd 

PB06-004 0.038f 0.015f 0.052f 0.012f 0.007abcd 

PB07-127 0.036f 0.015f 0.051f 0.013f 0.008ab 

PB10-MC 0.038f 0.014f 0.052f 0.013f 0.007abcd 

PB11-069 0.102a 0.041a 0.143a 0.0342a 0.007abcd 

PB03Clem 0.084abc 0.033bc 0.117abc 0.027bc 0.006abcd 

PB09P2 0.068cde 0.026cde 0.094cde 0.022cde 0.007abcd 

PB08P1 0.075bcd 0.029bcd 0.104bcd 0.025bcd 0.006abcd 

Note : Numbers followed by the same letter in the same column were not significantly different according DMRT of 5%. 
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Table 2 shows all okra fruits have anthocyanin. 

However, the amount of anthocyanin content between 

genotypes is almost the same except for the PB01Nai 

genotype (0.004 mg/100g). The density of red in the fruit 

could be observed in the amount of obtained anthocyanin . 

Anthocyanins contained in fruits and vegetables are 

beneficial as an antioxidant, cancer, and degenerative 

diseases. It also reduce levels of sugar known as anti-

diabetic fruit (Alsuhaibani et al. 2017). In addition, 

anthocyanins also affect blood vessels and platelets, which 

could reduce the risk of coronary heart disease (Mazza 

2007). 

Other important information that can be used as an 

added value of a genotype is the character of the okra plant 

components. The middle values of each genotype based on 

fruit weight character per plant, fruit weight, number of 

fruit, fruit diameter, fruit length and internode distance 

were described in Table 3. This table explains that the 

highest middle value in fruit weight character per plant 

(619.88 g) and number of fruit (42.33) was obtained in the 

PB13-293 genotype. PB03Clem genotype had the highest 

middle value based on fruit weight character. The highest 

middle value for the character of fruit diameter, fruit length 

and internode distance was found in PB08P1 (1.89cm), 

PB12-OR (12.73 cm), and PB10-MC (9.74 cm) genotypes. 

This explains that the high fruit weight per plant is not 

always influenced by fruit weight, fruit diameter and fruit 

length. Fruit weight per plant could also be high, if the 

number of fruits was high, but has a short internode 

distance. 

Information on the relationship between genotypes is 

also needed to see the diversity and correlation between 

genotypes. It could be observed on dendogram in Figure 1 

and PAM Cluster Plot in Figure 2. Based on dendogram 

and PAM Cluster Plot analysis, it showed that the grouping 

of 13 okra genotypes was divided into three main groups. 

The division of this group divides on a scale of ± 0.36. 

Group I consisted of green genotypes, i.e PB01Nai, 

PB08P1, PB04Stri, PB12-OR, and PB03Clem. Group II 

consisted of red genotypes was PB10-MC, PB07-127, 

PB05-291, PB06-004, PB02Zah, and PB09P2 Ungu. Group 

III consisted of dark green genotypes was PB13-293 and 

PB11-069. Genotype grouping based on PAM Cluster Plot 

showed that the diversity of each genotype reached 

54.74%. 

Based on the results of Pearson correlation analysis of 

the 13 genotypes presented in Table 4, it was explained is 

the fruit weight per plant was positively correlated and very 

significantly different from the number of fruits, 

chlorophyll-α, chlorophyll-β, and total chlorophyll. Fruit 

weight per plant has a negative correlation and significantly 

different from internode distance. Kumar et al. (2016) 

reported is fruit weight per plant on okra had a positive 

correlation and significantly different with the number of 

fruit per plant, and the fruit consumption weight per plant 

had a negative correlation and significantly different from 

the internode distance.  

The positive correlation highly significant and also 

occur between the characters number of fruits with 

chlorophyll-α and chlorophyll-β, but a negative correlation 

highly significant and occurs between the character spacing 

amount of fruit with Internode. The character of fruit 

diameter has a negative correlation and very significantly 

with the character length of the fruit and internode distance. 

This explained is the character of the diameter of the fruit 

has a close relationship that is opposite to the long 

character of the fruit. 

The character of internode distance is negatively 

correlated and very different from chlorophyll-α, 

chlorophyll-β, and total chlorophyll. This shows that the 

character of the internode distance with chlorophyll-α, 

chlorophyll-β, and total chlorophyll also has an opposite 

close relationship. Furthermore, positive and very different 

correlations were seen in the character of chlorophyll-α 

with chlorophyll-β and total chlorophyll. This shows that 

increased chlorophyll-α also affects the amount of 

chlorophyll-β and total chlorophyll. A positive and very 

different correlation was also seen between chlorophyll-β 

with total chlorophyll and carotene and between total 

chlorophyll and carotene. This shows that increased 

chlorophyll-β and total chlorophyll will be followed by an 

increased in the amount of carotene obtained. 
 

 

Table 3. Middle value of 13 genotypes based on yield components in okra fruits 

 

Genotypes 
BBTT 

 (g) 

BBT 

 (g) 

JB DMB 

 (cm) 

PJGB 

 (cm) 

JRKI 

 (cm) 

PB01Nai 447.06bcd 14.35abc 31.00bcd 1.61d 11.47bcd 6.30cd 

PB02Zah 495.57ab 13.37bc 37.00abc 1.61d 10.63def 5.78d 

PB12-OR 227.97e 14.84abc 15.33e 1.50e 12.73a 7.66b 

PB04Stri 407.18bcd 12.95c 31.33bcd 1.60de 11.75bc 6.69c 

PB05-291 443.53bcd 15.21abc 29.00cd 1.71c 11.31cd 6.38cd 

PB13-293 619.88a 14.68abc 42.33a 1.82ab 10.37ef 4.19e 

PB06-004 387.93bcd 15.60ab 24.67d 1.74bc 11.02cde 5.76d 

PB07-127 342.72cde 13.51bc 25.67d 1.77bc 11.00cde 6.22cd 

PB10-MC 338.13de 13.02c 26.00d 1.59de 11.51bcd 9.74a 

PB11-069 489.64abc 14.39abc 34.33abcd 1.82ab 9.81f 4.00e 

PB03Clem 515.69ab 16.50a 31.33bcd 1.83ab 10.74de 6.30cd 

PB09P2 520.00ab 13.33c 39.00ab 1.57de 12.23ab 6.42cd 

PB08P1 406.48bcd 13.52bc 30.00bcd 1.89a 7.80g 5.76d 

Note: Numbers followed by the same letter in the same column were not significantly different according DMRT, 5% level, BBT = fruit 

weight per plant, JB = number of fruit, DMB = fruit diameter, PJB = length of fruit, JRKI = internode distance 
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Table 4. Correlation analysis of yield components characters and chlorophyll, carotene and anthocyanins for 13 genotypes of okra 

 

Character BBT JB DMB PJGB JRKI Kloro A Kloro B Ttlkloro Caroten Anto 

BBTT 0.157 0.941** 0.422 -0.323 -0.653** 0.703** 0.618** 0.665** 0.477 -0.145 

BBT 1.00 -0.181 0.377 0.009 -0.269 -0.006 0.007 0.079 0.040 -0.195 

JB  1.00 0.286 -0.317 -0.571** 0.686** 0.599** 0.618** 0.441 -0.057 

DMB   1.00 -0.831** -0.617** 0.494 0.335 0.454 0.340 0.456 

PJGB    1.00 0.516 -0.503 -0.359 -0.433 -0.421 -0.400 

JRKI     1.00 -0.657** -0.607** -0.627** -0.502 -0.129 

KLORO A      1.00 0.963** 0.985** 0.902** -0.069 

KLORO B       1.00 0.965** 0.931** -0.201 

TTLKLORO        1.00 0.929** -0.140 

Carotene         1.00 -0.247 

ANTO          1.00 

Description: ** very significantly correlation at level α 1%, BBT = fruit weight per plant, JB = number of fruit, DMB = diameter of 

fruit, PJB = length of fruit, JRKI = distance internode, Kloro A = Chlorophyll-α, Kloro B = Chlorophyll-β, Ttlkloro = total chlorophyll, 

Carotene = carotene, Anto = anthocyanin 

 

 

 

 
 

Figure 1. Dendogram 13 Genotype Okra Figure 2. PAM cluster grouping plot 13 genotype okra 

 

 
 

CONCLUSION 

In conclusion, based on the results of the analysis 

carried out on 13 okra genotypes showed that the okra fruit 

which has the best carotene and chlorophyll content was 

genotype PB11-069. Okra fruit possessing the highest 

anthocyanin content was PB05-291. The cluster analysis 

showed that okra was clustered into three color groups. The 

anthocyanin content in okra fruit did not correlate with the 

yield component variable. chlorophyll-α, chlorophyll-β, 

and total chlorophyll were positively correlated to carotene 

in okra fruit and variable choice of fruit. The character of 

number and weight per plant greatly influences the 

determination of the selection process. Accordingly, the 

characters can be used as a selection character so as to 

produced a high yield okra and contains chlorophyll and 

carotene.  
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Abstract. Asmare B, Meheret F. 2018. Smallholder farmers livestock production on the face of climate change in Bahir Dar, Zuria 

District, Northwestern Ethiopia. Biodiversitas 19: 2329-2334. The objective of the study was to assess the livestock production and 

marketing system in smallholder systems of the area Bahir Dar Zuria district. Three kebeles were selected from Bahir Dar Zuria district 

based on livestock production experience and accessibility to the road. A total of 90 respondent farmers were used to conduct the 

assessment, and 4 key informants in each Kebele were used to get additional information. Primary data were collected using a semi-

structured questionnaire and supplemented with key informants and secondary data sources. Descriptive statistics such as frequency (%) 

and mean were employed to present the qualitative variables obtained from the survey. The average land holding in the area was 0.73 ha 

of total land with 0.53 ha cropland and 0.2 ha private grazing land. With regard to labor allocation for livestock, family labor was 

involved in 91.18% of respondents while in the rest hired labor herded, fed, and watered livestock. With regard to water sources, the 

major source of water for livestock in the households was river (89%) while the remaining respondents use dug well for their livestock. 

The frequency of watering livestock was twice a day (51%) in the dry season and once a day (44.3%) in the wet season. Most of 

respondents (53.65%) sell their live animals during religious festivities followed by selling during the season of critical feed shortage 

(24.45%). Although smallholder farmers are vulnerable groups to climate change the majority (42%) had no information about climate 

change problem in the study area. The perception of household heads indicated that the livestock holding in the last five years of the 

family increased in most of the respondents (51%), followed by decreased condition (33%) and remained constant for the rest of the 

respondents (16%). Overall, it is important to assist livestock producer in enabling them benefit most from livestock and their products. 
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INTRODUCTION 

Ethiopia is believed to have the largest livestock 

population in Africa. The livestock sector has been 

contributing the considerable portion to Ethiopia’s 

economy immensely supporting economic development of 

the country. Livestock rearing in Ethiopia not only 

contribute for the economic development but also the 

livestock products and by-products in the formed meat, 

milk, hides, egg, cheese, and butter provide the nutritious 

diet for Ethiopian people (Endalew and Ayalew 2016). 

Also, it plays an important role in providing export 

commodities such as live animals, hides, and skins to earn 

foreign exchanges to the country. Furthermore, livestock is 

used as draft power for cultivation for land and crop 

threshing besides their role as a means of transport (CSA 

2016). As livestock a “near-cash” capital stock, they serve 

as insurance in times when crop fails to give yield due to 

droughts (Ehui et al. 2002). Regardless of the many 

livestock available, it appears that the country is getting 

inadequate benefit from this resource, i.e., below the 

potential both at national and smallholder economy levels 

mainly due to low productivity.  

Among the major setbacks, feed and water shortage, 

disease and poor veterinary services, lack of appropriate 

technology, limited attention, poor extension (Shapiro et al. 

2015) and problems related to policy and strategy for 

livestock development can be mentioned as factors that 

contribute to underutilization of the resource. The driving 

forces behind these factors include vulnerability contexts 

like population pressure, agricultural intensification, and 

degradation of natural resources, shocks through drought 

and floods and erratic rainfall especially in dry areas. 

Though knowledge of livestock production is studied 

earlier, integration of production and marketing of 

livestock was limited in the study area. Therefore, it is 

important to conduct an assessment of the livestock 

production system and marketing systems in the study area. 

The objective of this paper was to assess livestock 

production systems of peri-urban areas of district 

northwestern Ethiopia. 

MATERIALS AND METHODS 

Description of the study area 

Bahir Dar Zuria District, Amhara, Ethiopia 

approximately covers an area of 1,283.6 km and includes 

32 kebeles (smallest administrative division), three of 

which are partially included in stud because of their 

accessibility and resources. The district is bounded in the 

east by south Gonder Zone, in the west by Mecha and 

Achefer Districts and by Lake Tana, Yelimanadensa 

District in the north and south, respectively. The 
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topographic features of the district indicate that 

approximately 48 percent can be defined as rolling, 32 

percent hill, 13 percent mountainous, 7 percent valleys. 

The altitude ranges from 1,750 to 2,300 meters above sea 

level (m.a.s.l). Agriculture is the mainstay of the perop in 

the study area. It contributes about 100 percent of the 

population within the area depends on this sector of the 

economy (CSA 2016). However; it is subsistence, low in 

production and productivity and backward in its production 

system and cultural practices involved. In addition to this, 

the land holding of the farmers, which is the main input of 

agriculture, is small and highly fragmented as a result of 

increasing population pressure from time to time (BDZoA 

2015). 

Procedures and data analysis 

Households possessing at least one farm animal in 

Bahir Dar zuria district represented the study population. 

This study was designed to assess the livestock production 

and marketing status of smallholder farmers in the study 

area. To undertake this study, the descriptive method was 

employed. This method was selected because the nature of 

the problems needs a wide description and investigation. In 

other words, descriptive research helps to describe and 

interpret the trend of events that are taking place now and 

practices that have influenced the current once 

(Bhattacherjee 2012).  

The study was conducted in three Kebele’s which were 

purposely selected based on livestock population and 

accessibility. From each Kebele, thirty livestock producers 

were randomly selected and used for the interview. A semi-

structured questionnaire was used to collect the data on 

feed storage and feeding system, feed sources, access to 

feeds, livestock and livestock marketing problems, trends 

of livestock holding and perceptions on the status of 

livestock trend 

A total of 90 respondent farmers (30 from each Kebele) 

were used to conduct the assessment and sample was 

determined using the formula (Yamane 1967):  

 

n = 
𝑁

1+𝑁(𝑒2)
  

 

Where n is sample size computed, N is the total 

households in the study area, and e is the level of precision. 

In addition, to questionnaire interview, 4 key informants in 

each Kebele were used to get additional information to 

complement the primary data obtained from the direct 

interview. Moreover, district and Kebele agricultural 

officers were included as key informants for the study. 

Focus group discussions with a group discussion 

containing 6 participants were held in each Kebele in 

public areas on key topics of management, nutrition, and 

watering. The collected data was systematical coded and 

analyzed with the Statistical Package for Social Sciences 

(SPSS) (version 20 2011). Descriptive statistics such as 

frequency (%) and mean were employed to present the 

qualitative variables obtained from the survey. 

 

 

 

 
 

 

Figure 1. Map of the study area in Bahir Dar Zuria District, Amhara, Ethiopia 

Bahir Dar Zuria 
district 
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RESULTS AND DISCUSSION 

Household characteristics  

The household characteristics of respondents are shown 

in Table 1. The overall educational characteristics of 

respondents in Bahir Dar Zuria districts was found with 

characteristics that the majority of household heads were 

literate (61%), with the highest number educational was 

high school completed (28.50%), and the rests were 

illiterate.The report of illiterately class in the three districts 

is higher than recent reports (Asmare et al. 2016).The 

overall result of educational characteristics higher than 

educational characteristics reported by different authors in 

Ethiopia (Sisay 2006; Bedassa 2012) percentage of the 

illiterate family members (31.5%) reported in Burie Zuria 

district, Ethiopia (Adebabay 2009). 

The average age of household heads of respondents was 

49.2 years which was higher than Atalay et al. [2015] who 

reported 43 years for Metekel Zone of Amhara Region and 

Assefa et al, (2014) who reported an average age 37 years 

in Oromia Region. The report of illiterate class in the 

current finding was higher than recent reports in 

northwestern Ethiopia (Mekuriaw and Asmare 2014; 

Asmare et al. 2016). The higher literate class has an 

advantage on the good acceptance of technologies like 

training, improved agricultural technologies and adopting 

them for better live improvement. It has been stated that the 

low level of education of the households can influence on 

the transfer of agricultural technologies and their 

participation in development (Mulugeta 2005). The mean 

family size of respondents is comparable to earlier reports 

in northwestern Ethiopia (Mekuriaw et al.,2011;G/tsedik 

and Negash 2016) and comparable to the result of Assefa et 

al. (2014) for other regions of Ethiopia which was 6-7 per 

household.  

Household income 

The major source of income for all households in the 

study area was crop (64%) followed crop and livestock 

(26%) and the remaining (10%) were dependent on 

livestock as the source of income. Moreover, all 

respondents (100%) reported that their additional income is 

from the sale of Khat (Catha edulis). Respondents also 

indicated that the income of Khat adulis is obtained from 

fresh leaves selling to merchants. Like many similar areas 

of Ethiopia Khat is grown Bahir Dar Zuria district as the 

area has suitable altitude and environmental variables 

suitable the plant. In the study area, Khat crop can be 

harvested around the year, thereby becoming a source of 

continuous revenue for the farmer. The economically 

important parts of the plant are its young leaves and tender 

twigs, which are chewed for their stimulating effect. It is 

not uncommon to come across many farm ladies selling 

their plants to willing buyers in the local market throughout 

the day. Khat chewer population of the area is increasing 

from time to time similarly with different areas of Ethiopia 

(Assefa et al. 2014; Kandari et al. 2014). 

 

Land and livestock holding of respondents 

The land and livestock holding of respondents is 

indicated in Table 2. The area is characterized by a mixed 

crop-livestock farming system. The average land holding in 

the area is 0.73 ha of total land with 0.53 ha cropland and 

0.2 ha private grazing land. The overall land holding of the 

study area is lower than 0.98 ha for Debermarkos district 

(Yayeh et al. 2014). The total landholding of the study area 

was comparable to the reports of Mekuriaw and Asmare 

(2014) for Mecha district, northwestern Ethiopia. 

Generally, the land holding of respondents in the current 

result is lower than the national average land holding size 

of 1.6 ha reported by FAO (2008).  

The livestock holding of households in TLU (tropical 

livestock units which represents a mature weight of animals 

250 kg) was lower than earlier studies in different areas 

(Solomon 2004; Assefa et al. 2014) which were more than 

6 TLUs per household in different parts of the country. 

This small size TLU in the current finding might be 

resulted mainly attributed to the shortage of land to grow 

feed and lack of knowledge in feeding practices of animals. 

The general observation indicated that mixed crop-

livestock production system is the dominant farming 

system in the area livestock being an important component 

of the mixed farming system and is well integrated with 

crop production. Livestock species kept by the farmers 

comprise cattle, sheep, goats, equines, and chicken. Cattle 

are the dominant species, mainly used for draught power, 

followed by milk and meat production, income and manure 

for maintaining soil fertility. The result is in agreement 

with reports of Belay et al. (2012) in Dandi district, Oromia 

region, Ethiopia. In the study area, livestock are an integral 

part of the agricultural systems serving as a 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 (Assefa et al. 2014). 
 

Table 1. Household characteristics of respondents (N=90) 

 

Characteristics of respondents Percentage 

Sex of household  

Male 65.25%[59] 

Female 34.75%[41 ] 

Total  100%[90] 
  

Education level  

Illiterate 39.00% [35] 

Elementary school completed 25.50%[23] 

High school completed 28.50%[26] 

College graduate 7.00%%[6] 

Total  100%[90] 

  

Table 2. The land and livestock holding characteristics of 

respondents (N=112) 

 

Characteristics Mean+SD 

Total land holding (ha) 0.73+0.32 

Crop land holding (ha) 0.53+0.15 

Private grazing land (ha) 0.2+0.11 

Livestock holding (TLU) 3.5+1.71 

Note: Ha=hectar; TLU=Tropical livestockunit 
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Labor division in livestock husbandry and marketing 

In the study area, family labor was involved in 91.18 % 

of respondents while in the rest livestock are herded, fed, 

and watered by hired labor. Livestock herding was mostly 

undertaken by the children aged between 6 to 14 years. 

Adult males and females also herd cattle during the 

absence of children. Feed collection, milking, health 

monitoring, and selling animals were done by both adult 

man and woman. Other activities such as milk processing, 

cleaning cattle shed, selling of milk and milk products, cow 

dung cake making and calf management were performed 

mostly by females. It is important to make a difference 

among the types of responsibility that women have over 

livestock: ownership, control over decision-making, use 

rights and provision of labour. In most systems, women 

provide labour for the various tasks related to livestock but 

may or may not control the process of decision-making, 

particularly over the disposal of animals and animal 

products. Similarly, women may be involved in production, 

but may or may not own the means of production: 

livestock, land, water, etc. The majority of live animal 

marketing except chicken was done by males (97%) while 

chicken, egg and milk products were sold by females in the 

household. There are few female respondents (3%) who 

practice selling of cattle, sheep, and equines. Sharing labor 

for livestock husbandry and marketing of products is in 

agreement with earlier reports (Assefa et al. 2014). 

Livestock feeds and feeding system 

The type of available feed resources in the study area 

includes natural pasture, crop residue, hay and some 

indigenous and improved fodder trees like Ficus thoningii 

tree. Similar result has also been reported by Sisay (2006) 

in North Gondar. Overall feed resources of the district 

characterized by grazing natural pasture (54.2%) followed 

by crop residue (39.1%) with remaining purchased agro 

industrial by products. The management of livestock 

feeding was both partial grazing and home feeding. This 

home/homestead feeding is an interesting feature of 

livestock feeding which in turn has enormous advantage to 

promote fodder development and using cut and carry 

system which has importance to reduce free grazing. The 

feed resources in the study area are in agreement with CSA 

(2015) report that indicated grazing is the major type of 

feed (about 56.23%) followed by crops residue that is 

35.06 %. Hay and by-products were also used as animal 

feeds that comprise about 7.44 and 1.21 % of the total 

feeds, respectively. 

Water and watering system 

The livestock water source and watering frequency of 

livestock are indicated in Table 3. Among the major 

livestock production factors, water availability and quality 

one of the major limiting inputs as it determines feed 

availability and quality, health, and overall productivity of 

farm animals. The result indicated that the major source of 

water for livestock in the households was the river (89%) 

while the remaining respondents use dug well for their 

livestock. The frequency of watering in dry and wet season  

variable in the study area and was mainly twice (51%) in 

dry season and once (44.3%) in the wet season. According 

to McCornick et al. (2003), water availability can be 

improved through many ways such as the construction of 

wells, pumps, canals, boreholes, tanks, cisterns, reservoirs, 

water yards, dams, and water-harvesting structures. While 

selecting any given method, there is a need to consider the 

production system and socioeconomic situation of the 

farmers. 

Sources of water for livestock include drinking water, 

water contained in feeds and metabolic water (McCornick 

et al. 2003). Water contained in feeds is highly variable 

from feed to feed depending on the moisture content, which 

ranges from as low as 5 % in dry feeds to as high as 90 % 

or more in wet feeds. For most domestic animals, 

metabolic water comprises only 5 to 10 % of the water 

intake, but in the case of sheep, it may rise to 15 % (von 

Keyserlingk et al. 2016). Drinking water is an essential 

need, though it is much less than the water required for 

animal feed production. 

Perception of climate change by livestock producers 

Climate change is the major determining factor which 

governs livestock production and productivity. The poor 

people living in the least developed countries are typically 

the most vulnerable to climate change due to the ever-

increasing weather-related disasters (flooding, drought, 

storms, and environmental degradation). Ethiopia is in the 

list of the ten most socially and economically vulnerable 

countries in the world (IPCC 2007). Smallholder and 

subsistence farmers, pastoralists, and artisanal fisherfolk 

are exposed to the complex and localized impacts of 

climate change, owing to constrained adaptive capacity. 

Although smallholder farmers are vulnerable groups to 

climate change the majority (42%) had no information 

about climate change problem in the study area.  

The issue of climate change has to be given due 

consideration to reduce the negative effects on smallholder 

farmers. One of the ways to mitigate the effects of climate 

changes is to create awareness about the problem. The 

increasing occurrence of droughts and floods will affect 

crop and livestock productivity and will have adverse 

impacts on food/feed security. This is true particularly in 

the areas where farmers’ consumption mainly depends on 

agriculture in countries like Ethiopia (IPCC 2007). In 

Ethiopia, repeated droughts, hunger and the recent floods 

are among the most climate change serious problems 

affecting millions of people almost every year. 
 

 

Table 3.Watering frequency of livestock by respondents (N=112) 

 

Frequency of watering  
Dry season  

percent [N] 

Wet season 

percent [N] 

   

Once a day 31.20% [28] 44.30% [40] 

Twice a day 51.00% [46] 28.70%[26] 

More than twice 18.20% [16] 31.00% [28] 

Overall 100% [90] 100%[90] 
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Table 4.Perception of respondents on the trends of livestock 

holding and productivity (N=90) 

 

Characteristics Percentage [N] 

Livestock holding per household head  

Increased 51% [46] 

Decreased 33% [30] 

Constant 16% [14] 

Total 100% [90] 

livestock productivity per head  

Increased 38%[34] 

Decreased 44%[40] 

Constant  18%[16] 

Total 100% [90] 

 

 

 

Table 5. Livestock marketing options of respondents [N=90] 

 

Marketing seasons Percentage [N] 

Religious occasions* 53.65% [48] 

During feed shortage 24.45%[22] 

As demand arises 21.90%[20] 

Total  100%[90] 

Note: *Religious festivity= Easter, Christmas and New Year 

 

 

Perception of trends of livestock holding and productivity  

The perception of livestock owners on the trends of 

livestock holding and productivity status is shown in Table 

4. The trend of livestock holding of respondent indicated 

there was variation in terms of holding per household. The 

finding indicated that for most of the respondents the 

holding increased (51%), while in other respondents there 

was a decreased (33%) state and in some respondents 

(16%) there was a decreased state. Nevertheless, the 

productivity of animals pe se (per individual) remained low 

as shown in Table 4. The increment in the population of 

livestock in the study area is in agreement with the reports 

of CSA (2015). The reason why respondents increased 

their animals’ population might be to compensate livestock 

productivity through the large population of livestock. In 

other cases, constraints like feed shortage, expansion of 

crop farming, in turn, results from lack of pasture land and 

climate change effects could be the factors reduce the 

livestock holdings.  

Marketing opportunities 

Livestock marketing determinants of respondents are 

shown in Table 5. Marketing of live animals is an 

important trade, especially in countries with a large 

livestock population. During the discussion in groups of 

different respondents, it has been pointed out that the 

several destinations of live animal markets were Bahir Dar, 

Tiss Abay, Debre Tabor, Estie, and Hamusit. The majority 

of respondents (53.65%) sell their live animals during 

religious festivities followed by selling during the season of 

critical feed shortage (24.45%). Common avenues for 

disposal of slaughter cattle are public terminal markets, 

local auction sale, sale directly on the farm or feedlot, and 

sale at buying stations. The choice of the most suitable 

market is not a simple one, and there are no rules for 

making such a decision. This result is in agreement with 

earlier reports by different authors (CSA 2015; Moges and 

Assefa 2017). 

In the study area, livestock especially fattening cattle 

and sheep are purchased and using subjective visual 

judgment and price negotiation. The livestock marketing in 

the study area did not use scientific methods of animal 

marketing such as live animal grading, and price fixation 

which is the market is in agreement with earlier reports 

(Alemayehu 2003). Although marketing of livestock and 

livestock products are the major important activities of the 

household, most of the livestock producers do not have 

exact market information. However, the respondents have 

experience when to fetch high price and producers try to 

sell livestock during festive and annual occasions.  

In conclusion, the study area is characterized by mixed 

croplivestock production in which land cultivation with 

oxen was a common practice. Although livestock is 

important in the livelihood of farmers they are affected by 

changes in climate which in turn determines production and 

productivity of animals. The majority of household heads 

and local livestock experts do have information about the 

proper market information, and hence, the marketing 

practice is based on the traditional information on the 

probability of high prices in festivity and annual holidays. 

Therefore, it is important to assist livestock producer to get 

information on how to produce livestock and livestock 

products at reasonable cost and fetch the high market price.  

This study has only highlighted information about the 

awareness of livestock producers on livestock holding, 

productivity, and market information and was not detail 

one which encompassed relatively small size respondents 

and no modeling of the production system. Hence, it is 

recommended to have a detailed study on the issue to 

design appropriate livestock production and marketing in 

the study area. 
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Abstract. Kusmoro J, Noer IS, Jatnika MF, Permatasari RE, Partasasmita R. 2018. Lichen diversity in geothermal area of Kamojang, 

Bandung, West Java, Indonesia and its potential for medicines and dyes. Biodiversitas 19: 2335-2343. The study of lichens diversity in 

Kamojang, West Java was conducted by survey in geothermal field area following the line transect 6 km along to the East, North West 

and south from the Power House of Geothermal Power Plant. The lichen samples were taken from bark, soil, and stone. Lichen 

identification was done by morphological, anatomy and chemical analysis. Dyes potency of Parmotrema and Usnea test using 

ammoniac fermentation was done in Plant Taxonomy Laboratory of Department Biology, Faculty of Mathematics and Natural Sciences, 

University of Padjadjaran. The survey has successfully collected 133 species of lichens, belong to 62 genera and 17 families. 

Parmeliaceae was found as dominant groups, consisting of 33 species and other co-dominant groups are Graphidaceae and Lobariaceae 

with 24 species and 8 species, respectively. Most lichens in Kamojang geothermal area belong to Ascomycetes, only one 

Basidiomycetes such as Dictyonema sericeum (Sw.) which found at Kawah Manuk (Manuk crater) area. The rare species of lichens such 

as Usnea longissima Ach, was found at Pine forest in Arboretum 6 km south of Powerhouse of Kamojang geothermal. Chemical 

analysis and literature study for Lichenic acid contains was done and generally, atranorin, usnic acid, barbatic and lecanoric acid was 

found in lichens samples. Amoniac fermentation result showed that Parmotrema tinctorum produced brownish red, red and purple, 

which occurred within 1 week to 5 weeks after fermentation. While Usnea produced variety of brown color, which occurred within 5 

days up to 4 weeks after fermentation. Lichen species containing some medical properties are Bulbothrix, Cladonia and Usnea. While 

lichens having dyes properties are Hypogymnia, Lobaria, Peltigera, Usnea, and Parmotrema.  

Keywords: Dye, fermentation, Kamojang, lichen, lichenic acid, medicine  

INTRODUCTION 

Kamojang Geothermal Area, which is recognized as 

mountain tropical rain forest, is one of Natural 

Conservation and Tourism forest in West Java. It is well 

known as hilly area with beautiful view. It has crater and 

hot spring water for medical purposes and the source of 

Geothermal Energy. Kamojang is also natural forest with 

high diversity of plant, mosses, and lichens. Lichens have 

the symbiotic phenotype with nutritious fungi and are also 

associated with algae (Noer 2013; Ardelean et al. 2015; 

Balabanova et al. 2014; Onuț-Brännström 2017). These are 

an outstanding group, exploiting a wide range of habitats 

throughout the world and dominating about 8% of 

terrestrial ecosystems. They have a varied chemical 

contains, which are useful as medicines (Noer et al. 2013 

Onuț-Brännström 2017). Lichens contain secondary 

compounds that are abundant in most lichen thalli. 

Different lichens produce a wide variety of metabolite 

compounds, most of which are unique to lichens (Noer et 

al. 2006). It is suspected that almost 50% of species of 

lichens have antibiotic properties (Vartia 1973; Malhotra et 

al. 2007; Crawford 2015). Lichen compounds have been 

found to act as anti-tumor agents, antibiotics, and anti-

inflammatories (Bayir et al. 2006; Rezanka and Dembitsky 

2006; Bessadóttir 2014). Some of the most widely studied 

lichen compounds are usnic acid, vulpinic acid, atranorin, 

and protolichesterinic acid (Asahina and Shibata 1954; 

Fazio et al. 2007; Crawford 2015; Salgado 2018). Usnic 

acid is found in large quantities in Usnea spp., as well as in 

several other lichen genera.  

It is well known that a long time ago lichens have been 

widely used by people such as for medicine, pollution 

bioindicator, perfume, decoration, and dye (Ingolfsdottir et 

al. 2002; Kaasalainen 2012; Vicol 2016; Tarasova et al. 

2017). Lichens as natural dye sources have been used since 

long ago. The purple color (orchil) was firstly reported 

from Roccella spp. through ammoniac fermentation. The 

purple color of Roccella had historic importance as the 

“Royal Purple” in Europe before 19th century and was not 

been used anymore when synthetic dye substance was 

found. 

Genus Parmotrema is foliose lichen that belongs to 

Parmeliaceae group. The genus characteristic is the absence 

of reticular maculate and pseudocyphella. An erhizinate 

marginal zone of the lower surface is more than 1 mm 

mailto:rp2010rikkyo@gmail.com
mailto:ruhyat.partasasmita@unpad.ac.id
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(Noer 2013). Several Parmotrema species from Himalayas 

can produce colors with the help of ammonia fermentation 

method (Shukla et al. 2014). Livelihoods of natural dyes 

from lichen Parmotrema are very interesting and will be 

important in the use of dyes that are environmentally 

friendly in industry in order to reduce the pollution of 

water/river by dyes from industry.  

The diversity of lichen in this area has been reported by 

Noer et al. (2006) and Noer and Rani (2007), but only one 

species has been used as medicine i.e. Usnea barbata, no 

mentioning about the species has potential for dyes. The 

continuous survey was done in this area to collect some 

species, which has potential use for medicine and dyes. Our 

purpose from the study were: (i) to assess the diversity and 

distribution of lichens in Kamojang Geothermal Area, (ii) to 

indicate several lichens, which could potentially be used as 

medicine and dyes, (iii) to analyse the lichens acids 

(secondary metabolites) in potential lichen genus for 

medicine and dyes, (iv) to monitor color produced by 

Parmotrema and Usnea using ammonia fermentation. 

MATERIALS AND METHODS 

Study area 

Kamojang area belonging to mountain tropical forest is 

located at Laksana village, Ibun Sub-district, Bandung  

District, West Java, approximately 45 km southeast of 

Bandung City. The research area is located on latitude of 

7°8′23.13′′ S 107°47′10.36′′ E to 7 °00’00” S 107°00’00” E 

with altitude 1300-1700 above sea level (Figure 1). This 

exploration was held from April 2016 to August 2017 

The microclimate was recorded that the range of 

temperature ranging from 180 C to 26,26 0 C, while the 

humidity was from 56.13 % to 78% and light intensity had 

2387 lux to 6748 lux. 

 Sampling 

The research material was lichen specimens from 

Kamojang geothermal area. The lichen collection in the 

study area was taken with survey method at 6 km transects 

towards four cardinal points (N, E, W, S) from the Power 

House of Geothermal Power Plant as the center point. The 

sample was taken from bark along the road and stone in the 

study area. Dry specimens were stored in paper bags and 

wet specimens were needed to be dried first to prevent 

molding. The specimens were then moistened, pressed 

flatly between boards, dried and placed on paper packets (3 

x 4 inches) or on small boxes.   

Lichen identification  

Identification of lichens was conducted by: (i) 

Determine the growth form; foliose, squamulose, crustose 

or fructocose. These characters are important in separating

 

 

 

 
 

Figure 1. Maps of the research in Kamojang geothermal area, Bandung, West Java, Indonesia 
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genera. (ii) Checking the presence of soredia or isidia with 

a hand lens. These are by far the two most important 

characters used in identifying lichens at the species level 

and must be recognized without any doubt. Presence of 

cilia and the condition of lower side should also be noted. 

(iii) Chemical test in lichen was used i.e color test and 

crystal test. 

A color test was made simply by applying a drop of 

reagent on the thallus surface or exposed medulla. If the 

test is positive, there will be a rapid color change, usually 

red or yellow; if it is negative nothing will happen. Three 

different reagents were used, i.e., calcium hypochlorite 

(bleaching powder, abbreviated C), potassium hydroxide 

(caustic lye abbreviated K or KOH) and paraphenylene-

diamine (P). The K+ yellow test caused by atronin. 

In a crystal test, the acid was dissolved from small 

fragments of thallus with acetone, and the remainder of 

crude residue was recrystallized from various reagents on a 

microscope slide. The reagents in common use are 

abbreviated as follows and mixed in the volume ratios 

including: (i) G.E. (glycerin-acetic acid, 3: 1), (ii) G.A.W. 

(glycerin-95% alcohol-water, 1: 1: 1), (iii) G.A. o-T 

(glycerin-alcohol-o-toluidine, 2: 2: 1), (iii) G.A.An ( 

glycerine-alcohol-aniline, 2: 2: 1), (iv) G.A.Q. ( glycerine-

alcohol-quinoline, 2: 2: 1). 

Fragment of the lichen thallus was heaped in the center 

of microscope slide, and drops of acetone was added 

several times. After the acetone evaporates, there should be 

whitish or yellowish powdery ring of residue. The thallus 

fragments were carefully brushed away, a small drop of 

reagents put on a coverslip, and the coverslip placed over 

the residue. The slide is gently heated over an alcohol 

lamp, low Bunsen flame until bubbles just began to form. 

On cooling a few minutes, crystal began to form first 

around the undissolved residue, later at the perimeter of the 

coverslip. The shape and of the crystals were determined 

under a low-power microscope (100x), and the crystal 

identified by comparison with photographs.   

Lichen dyes  

For dyeing with lichens, three different methods were 

used depending to the desired color: (i) BWM-simply 

means “boil water method”. (ii) AM-“ammonia method” 

and (iii) POD stand for “Photo Oxidizing Dyes”. In a 

preliminary study, the ammonia method was used with the 

detailed method as follow: (i) The lichens Parmotrema 

tinctorum were collected from clean areas in Kamojang and 

then were air-dried and subjected for extra Ammoniac 

extraction. (ii) Six gram of thallus lichens samples were put 

into a glass mason jar with an airtight lid. To which 100 

milliliter (ml) of 10 % ammonia (NH3) and 100 ml distilled 

water was added. (iii) Close the lid and shake vigorously. 

Within minutes the color shift will arise. (iv) The jar then 

labeled with the date, location collected and the name of 

species. (v) The mixed solution was fermented in the dark 

for 4 weeks and allowed to stand for three months and 

every day the jar was shaken. (vi) The monitoring of color 

extracts was recorded during fermentation for each week. 

  

RESULTS AND DISCUSSION 

Lichen diversity  

Generally, lichens in Kamojang Geothermal areas have 

a high diversity consisting of more than 133 species belong 

to 62 genera and 17 families. Families of Parmeliaceae found 

in this study was dominant consisting of 33 species and the 

co-dominant species such as Graphidaceae and Lobariaceae 

with 24 species and 8 species, respectively (Table 1). 

Most lichen fungi obtained in this study belong to 

Ascomycetes, but the fan-shaped of this lichens is a 

basidiomycetous lichen with cyanobacterial photobionts. It 

is Dictyonema sericeum (Sw.) Berk (Figure 2), which was 

found at Kawah Manuk area. Dictyonema is a symbiosis 

between a basidiomycete fungus and ascytonematoid 

cyanobacteria, resulted in both a basidiolichen and a 

cyanolichen, which is a very rare combination. 

The protected species as Usnea longissima Ach. could 

only found in cleanest area at pinus forest in Arboretum 

area which 6 km south of Kamojang Geothermal Power 

Plant (Figure 2). In an effort to determine the diversity of 

lichens in Kamojang and to determine the species of lichen 

that has been utilized as medicine and dyes by the local 

community we performed inventory, literature study and 

literature process with the local community. 

Lichen biodiversity is often used to assess air quality 

and ecosystem health within non-urban environment. This 

survey, in 2017 as a result in Table 1, shown one hundred 

thirty-three (133) species lichens have been found in 

Kamojang Geothermal area. But the study has been done in 

1983, 1987 and 1988 lichen was found only 53 species 

(Noer et al. 2013). Compare to those survey, lichen in 

Kamojang geothermal area more diversity although the 

Geothermal Power Plan has operation since 1983 and 

produced SO2which has been known that doses 0.018 ppm 

of SO2 will kill lichens (Pearson and Skye1965; State et al. 

2010; Rubio-Salcedo et al. 2017). The amazement Graphis 

kamojangense was found on Mangifera indica and Toena 

sureni trees at 0.5 km west and 1.5 km south from 

Geothermal Power Plan.  

The lichenic acid contained in genus of lichens  

Components of lichens reacting with certain test 

chemicals may give color reactions, which could be used in 

the identification of a species (Figure 3). The 

phytochemical screening of Usnea showed that beard moss 

contains alkaloid, steroid, saponin, monoterpenoid, 

sesquiterpenoid, quinone, and polyphenol (Choudhary et al. 

2005; Fazio et al. 2007; Güllüce et al. 2006). The lichenic 

acid was found dominantly in Usnea are usnic acid and 

Stictic acid (Cansaran et al. 2006; Bessadóttir 2014). Some 

lichenic acids was found in several genus from Kamojang 

Geothermal area such as alectoronic acid, atranorin acid, 

barbatic acid, baeomycesis acid, chloroatranorin acid, 

diffrataic acid, diploicin acid, divariatic acid, gyrophoric 

acid, grayanic acid, haematamnolic acid, isousnic acid, 

lecanoric acid, leucotylin acid, lobaric acid, obtusatic acid, 

physodalic acid, protocetaric acid, perlatolic acid, retigeric 

acid, rocellic acid, salazinic acid, stenosporic acid, stictic 

acid, thiopanic acid and usnic acid. 
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Table 1. Lichens distribution at Kamojang geothermal area, Bandung, Indonesia 

 

Species Reproduction Reagent Lichen acid 

Acarospora sp. Apothecia  - Norstictic acid. rhizocarpic acid 

gyrophoric acids epanorin acids 

Amandinea punctata (Hoffm) Coppins & Scheid - - - 

Bacidia sp. -  No lichen substances 

Buellia punctata (Hoffm) A. Massal Soredia and isidia - - 

Buellia sp.1  Soredia and isidia - - 

Bulbothrix isidiza (Nyl.) Hale 

 

 

Soredia and isidia GAW Barbatic acid, consalazinic acid, 

gyrophoric acid, lobaric acid, salazinic 

acid, atranorin 

Caloplaca sp. Soredia and isidia - - 

Carbacanthographis marcescens (Fée) Staiger & Kalb - - - 

Cladonia furcata (Hudson) Schrader Soredia GE Lecanoric acid fumarprotocetraric acid, 

atranorin, divariatic acid 

Cladonia fimbriata (L.) Fr. Soredia GAW Atranorin  

Cladonia mauritiana Ahti & J.C David Soredia - Sekikaic acid 

Cladonia squamosa Hoffm. Soredia - Salazinic acid, gyrophoric acid, usnic 

acid, atranorin 

Coccocarpia palmicola (Spreng.) L. Arvidss. & Gall. Lobus  - No lichen substances 

Collema nigrescens (Hudson) DC. Soredia - Secondary metabolites: none detected  

Collema javanicum (Müll.Arg.) Zahlbr Soredia - Secondary metabolites: none detected  

Collema pulcellum Ach. Soredia  - Secondary metabolites: none detected  

Coccocarpia sp. Lobus - No lichen substances 

Cryptothecia striata Thor Isidia  - No lichen substances  

Cryptothecia sp. Isidia - No lichen substances  

Chrysothrix sp. - - - 

Dibaeis sp. Soredia - - 

Dictyonema sericeum (Swartz) Berk. Soredia GE Usnic acid 

Diorygma junghuhnii (Mont. V. d Busch) Kalb, 

Staiger & Elix 

Lirellae - - 

Dirinaria applanata (Fee) D. D. Awasthi Isidia and soredia - Atranorin, divaricatic acid  

Dirinaria sp.  Isidia and soredia - - 

Dyplolabia sp.    - - - 

Flavoparmelia sp. Soredia  - - 

Flavopunctelia sp. Soredia  - - 

Fissurina elaiocarpa (A. W. Archer) Picnidia  - - 

Flavopunctlia soredica (Nyl.) Hale Soredia  - - 

Graphis sp. 1  Lirel  - No lichen substances  

Graphis elongate Vain. - - - 

Graphis immersella Müll.Arg. Lirel  - Stictic acid 

Graphis kamojangense Jatnika & Noer Lirel  - - 

Graphis librata C. Knight Lirel  - Norstictic acid 

Graphis longula Kremp. Lirel  - - 

Graphis rhizocola (Fée) Lücking & Chaves Lirel  - - 

Graphis rustica Kremp. Lirel  - - 

Graphis sp. 2 Lirel  - - 

Graphis sp. 3 Lirel  - - 

Haematomma persoonii (Fee) A. Massal Apothecia GE Gyrophoric acid 

Haematomma accolens (Stirton) Hillm. Apothecia GE Barbatic acid  

Heterodermia japonica (Sato) Swinscow & Krog Soredia GE, GAW Atranorin, Norsticti acid chloroatranorin; 

zeorin, salazinic acid 

Heterodermia leucomela (L.) Poelt Soredia  - Salazinic acid  

Heterodermia rugulosa (Kurck.) Wetmore Soredia - - 

Hypogymnia sp. 1 Apothecia  - Atranorin, chloroatranorin; physodic acid, 

physodalic acid, protocetraric acid  

Hypogymnia sp. 2  - - Atranorin, physodic acid 

Hypotrachyna sp.  - - - 

Lecanora argentata (Ach.) Malme - - - 

Lecanora helva Stizenb - - Atranorin dan asam chloroatranorin  

Lecanora leprosa Fee - - - 

Lecanora sp.1 Apothecia - Atranorin 

Lecanora sp.2  - - 

 Lepraria lobificans (Nyl.)  - - 

Leptogium cyanescens (Rabenh) Lobus and soredia - No lichen substances 

http://www.tropicallichens.net/3475.html
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Letharia vulpine (L.) Hue  - - 

Lobaria pulmonaria L. (Hoffm.) Lobus and 

apothecia 

- Stictic Acid, desmethyl stictic acid, 

gyrophoric acid, tenuiorin, constictic acid, 

norstictic acid, peristictic acid, and 

methylnorstictic acid 

Lobaria oregano (Tuck.) Müll.Arg. Lobus and soredia - Methylstictic acid, crypto-stictic acid, 

cryptostic-tinolide. 

Lobaria subinterversans (Gyeln.) Lobus and soredia - - 

Lobaria scrobiculata (Scop.) P. Gaertn. Lobus - - 

Maronina sp.  - - - 

Malcomiella sp.  Apothecia  GE Barbatic acid 

Megalospora sp.1  Apothecia  GAW Zeorin acid  

Mycomicrothelia sp.  - - - 

Megalospora sp. Soredia - - 

Menegazzia sp.    Soredia - - 

Micarea prasina Fr.   - - - 

Niebla sp. 1     Pseudothecia  GAW Barbatic acid, Stictic acid 

Nephroma sp.     Isidia and soredia - - 

Ocelullaria sp.   - - - 

Parmelia sp.1 Soredia and isidia - Atranorin, Lecanoric acid  

Parmelia sp. 2 Soredia and isidia - Atranorin  

Parmelia sp. 3 Soredia and isidia - Atranorin  

Parmeliela sp. 1 Apothesia  - - 

Parmelia sp.1 Soredia and isidia - Atranorin, Lecanoric acid  

Parmelia sp. 2 Soredia and isidia - Atranorin  

Parmelia sp. 3 Soredia and isidia - Atranorin  

Parmeliela sp. 2 Apothesia  - - 

Parmeliopsis sp. Soredia and isidia - - 

Parmotrema cristiferum (Taylor) Hale Soredia  Atranorin and chloroatranorin; salazinic 

acid and consalazinic acids  

Parmotrema dilatatum (Vain.) Hale  soredia - - 

Parmotrema mesotropum (Müll.Arg.) Hale Cilia and soredia - - 

Parmotrema reticulatum (Taylor) M. Choisy  Soredia  Atranorin, chloroatranorin, salazinic acid 

and consalazinic acids  

Parmotrema tinctorum (Delise ex Nyl) Hale - - Lecanoric acid, atranorin 

Parmotrema sp. 1 Cilia and soredia - Salazinic acid, Atranorin, Lecanoric acid  

Pannaria sp. 1 - - - 

Pannaria sp. 2 - - - 

Peltigera sp. 1 Lobus and soredia - - 

Peltigera polydactylon (Necker) Hoffm Lobus and soredia - Tenuiorin, dolichorrhizin, zeo-rin, methyl 

gyrophate, gyrophoric acid,  

Peltigera praetextata (Florke ex Sommerf.) Zopf Lobus and soredia - - 

Pertusaria sp. 1  Perithesia  - Stictic acid 

Pertusaria cicatricose Müll.Arg. Perithesia  - Stictic acid, constictic acid 

 Pertusaria texana Müll.Arg. Perithesia  - - 

Pertusaria sp. 2 Perithesia  - - 

Pertusaria sp. 3 Perithesia - - 

Phaeographis adinoconspicua (Fée) Müll.Arg. Lirel  - - 

Phaeographis dendritica (Ach.) Müll.Arg. Lirel - - 

Phaeographis dendroides (Leight.) Müll.Arg. Lirel - - 

 Phaeographis intricans Nyl. Lirel - - 

 Phaeographis lobata (Eschw.) Müll.Arg. Lirel - - 

 Phaeographis schizoloma (Müll.Arg.) Lirel - - 

 Paeographis sp.  Lirel  GE Barbatic 

Physcia sp. Soredia and isidia GAW Lecanoric acid 

Pseudocyphellaria aurata (Ach.) Vain. Lobus  GAW Gyrophoric acid 

Pseudocyphellaria crocata (L.) Vain. Lobus  GAW Barbatic acid 

Pseudocyphellaria sp. Lobus  - - 

Psora pseudorusellii Soredia and isidia - - 

Pyrenula subdunata - - - 

Pyrenula sp.1 Perithesia  GAAn, GAW  Barbatic acid, usnic acid, salacinic acid, 

gyroporic acid 

Pyxine sp. 1 Apothesia GAAn, GAW Barbatic acid, usnic acid 

Pyxine sp. 2 - - - 

Ramalina celastri (Spreng.) Krog & Swinscow Soredia  GE, GAW Iso-usnic acid and usnic acid  

Ramalina farinacea (L.) Ach. Soredia  GE Usnic acid  

Ramalina pollinaria (Westr.) Ach. Soredia  GAAn Usnic acid  

https://en.wikipedia.org/wiki/Stictic_acid
https://en.wikipedia.org/w/index.php?title=Desmethyl_stictic_acid&action=edit&redlink=1
https://en.wikipedia.org/wiki/Gyrophoric_acid
https://en.wikipedia.org/w/index.php?title=Tenuiorin&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Constictic_acid&action=edit&redlink=1
https://en.wikipedia.org/wiki/Norstictic_acid
https://en.wikipedia.org/w/index.php?title=Peristictic_acid&action=edit&redlink=1
https://en.wikipedia.org/w/index.php?title=Methylnorstictic_acid&action=edit&redlink=1
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Ramalina sp. Soredia  GAW Iso-usnic acid and usnic acid  

Relicina mallesiana(Hale) Hale Soredia  - - 

Relicina sp. 1 Soredia  - - 

Relicina sp. 2 Soredia  - - 

Rhizocarpon sp. Perithesia  GE Rhizocarpic acid  

Sarcographa cinchonarum Fee Hysterothesia GE Stictic acid 

Sarcographa tricosa (Ach.) Mull. Arg. Hysterothesia GAAn Salazinic acid, stictic acid, evernic acid 

Stereocoulon sp.  Apothecia  Decanoic  acid 

Sticta dissimulate Picnidia and soredia - Gyrophoric  acid  

Sticta lingulata Vain. Picnidia and soredia - Gyrophoric  acid  

Teloschistes flavicans (Sw.) Norman Pseudothesia - Parietin, teloschistin, parietinic acid 

caloploicin  

Usnea articulate (L.) Hoffm Isidia and 

pseudothesia 

GAW 

GAoT 

Barbatik, physodalic, lecanoric, physodalic 

Chloroatranorin  

Usnea baileyi (Stirton) Zahlbr. Isidia and 

pseudothecia  

GE 

GAoT 

Usnic acid 

Grayanic, diffractaic 

Usnea ceratina Ach. Isidia and 

pseudothecia  

GAW 

GAoT 

GE 

Usnic acid 

Divaricatic  

Gyrophoric, lobaric, isousnic  

Usnea dasypoga (Ach.) Shirley Isidia and 

pseudothecia  

GAW Usnic acid, diffractaic acid 

 

Usnea subfloridana Stirton Isidia and 

pseudothecia  

GE 

GAW 

Usnic acid 

Gyrophoric  

U. flexilis Stirt Isidia and 

pseudothecia  

GAW 

GE 

GAAn 

Stenosporic, isousnic  

Retigeric, diploicin, and usnic acid, 

Leucotylin  

Usnea hirta (L.) Weber ex F.H Wigg. Isidia and 

pseudothecia  

GE Usnic acid 

Usnea trichodea Ach. Isidia and 

pseudothecia  

GAW Usnic acid 

 

 

 
 

 

 

  
A B 

 
Figure 2. Rare lichens. A. Dictyonema sericeum (Sw.) Berk, B. 

Usnea longisima Ach 
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Figure 3. Several displays of lichen’s acid crystals: A. Atranorin 

acid, B. Barbatic acid, C. Baeomycesis Acid (G.A.An), D. 

Gyrophoric acid (G.E), E. Lecanoric acid (GE), F. Usnic acid 

(G.E) 

 

In general lichens in Kamojang geothermal area 

contains atranorin, usnic acid, gyrophoric and barbatic 

(Tabel 1). Those lichenic acid has reported are have 

potential for medicinal properties (Ashina and Shibata 

1954; Cobanoglu et al. 2010; Crawford 2015). Such as 

usnic acid and salizilic acid were used for antiinflammation 

and analgesic action, and usnic acid has used as antifungal 

and antibiotic (Rankovic et al. 2008; 2007b). Beside that 

isodivaricatic, 5-propylresorcinol acid, divaricatinic acid 

and usnic acid which are contained in Usnea florida var. 

rigida. Acharius have proven good for antimicrobial 

activity against fungi Microsporum gypseum, Trichophyton 

rubrum and Trichophyton mentagrophytes growth (Fazio et 

al. 2007; Kekuda et al. 2016). Usnic acid showed also 
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significant antibacterial activity against Bacillus cereus, B. 

megaterium, Staphylococcus aureus and Klebsiella 

pneumoniae (Saenz et al. 2006; Kukeda et al. 2016).  

Atranorin isolated from lichen demonstrated an 

approximate and relatively strong antimicrobial activity 

against bacteria Bacillus mycoides, B. subtilis, 

Staphylococcus aureus, Enterobacter cloacae, Escherichia 

coli, Klebsiella pneumoniae and fungi Aspergillus flavus, 

A. fumigatus, Botrytis cinerea, Candida albicans, Fusarium 

oxysporum, Mucor mucedo, Paecilomyces variotii, 

Penicillium purpurescens, P. verrucosum, Trichoderma 

harzianum (Ranković et al. 2007a, 2007b; 2008; Kukeda et 

al. 2016). It is reported that Acarospora, contain norstictic 

acid. rhizocarpic acid gyrophoric acids epanorin acids. 

These acid have reported inhibit from the growing of B. 

subtilis and S. aureus (Řezanka and Guschina 1999) 

So, from 133 species found in Kamojang Geothermal 

Area, there are, twenty-three (23) genus have been 

identified as medicine lichens. The genus has possible good 

potentially for medicine base on literature study were 

Acarospora, Bulbothrix, Cladonia, Collema, Coccocarpia, 

Flavoparmelia, Graphis, Heterodermia, Hypogymnia, 

Leptogium, Lobaria, Lecanora, Lasallia, Nephroma, 

Parmotrema, Pseudocyphellaria, Peltigera, Parmelia, 

Pertusaria, Physcia, Ramalina, Sticta, and Usnea  

Lichens have been used in traditional medicine since 

the time of the first Chinese and Egyptian civilizations 

(Chopra 1958; Noer 2013). Their utilization in folklore as 

medicine has been cited in different pharmacopeias of the 

world (cf. Nisyapuri et al. 2018). During the middle-ages 

lichens figured prominently among the herbs used by 

medicinal practitioners (Hale 1983). The use of lichens in 

medicine can be traced back to antiquity. Evernia 

furfuracea has been found in an Egyptian vase belongs to 

18th Dynasty (1700-1600 BC) was used as a drug 

(Crawford 2015; Lal 1990). The literature review and 

records of medicinal plant lore of Indonesia show the word 

‘janggot kai, rusuk angin and kayu angin' are used for 

lichen Usnea for long time ago, a text where the first 

authentic record of ‘jamu’ (medicine) has been described 

(Noer 2013). The Java names of “rusuk angin” were later 

identified to several species of Parmelioid lichens, such as 
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Figure 4. The process of coloring clothing raw materials with lichens. A. Parmotrema  tinctorum, B. P. tinctorum in ammonia solution 

after two weeks, C. Wool, D. Brown color produced by Usnea reddish up to dark purple produced by P. tinctorum, E. Cotton was dyed 

with P. tinctorum after a couple of months in ammonia solution, F. The lichen dyes process and dyed wool result 
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Usnea longisima. U. barnata, U. missamensis. U. dasypoga 

and Telosichtes. The vernacular name jamu widely used in 

Indonesian traditional medicine, an ancient system of 

locally Indonesia medicine, for different disease and 

disorders, for example, headache, skin diseases, urinary 

trouble, boils, vomiting, diarrhea, dysentery, heart trouble, 

cough, fever, leprosy and as a blood purifier.  

Lichen dyes 

Dye colors produced from Parmotrema tinctorum using 

ammoniac extracts were brownish red, dark red and purple. 

The color change of Parmotrema tinctorum ammoniac 

extracts occurred after 1st until 3rd weeks of fermentation. 

P. tinctorum had brownish red in 1st week and dark red 

after 3rd week of fermentation. Purple colors occurred in 4th 

week and dark violet color had been stable since 5th week 

of fermentation. While Usnea spp., produced brown color 

dyes and various brown since 5 days of fermentation up to 

4th week. Base on the literature study, lichens at Kamojang 

geothermal area which has potential for dyes are 

Parmotrema, Usnea, Lobaria, Peltigera, and Hypogymnia.  

Ammonia fermentation methods (AFM) is the best 

method to get a wide range of colors such as pink, violet, 

orange, grey, brown and yellow. Livelihoods natural dyes 

from lichens Parmotrema very interesting and will be 

important in the use of dyes that are environmentally 

friendly in industry that would reduce the pollution of 

water/river by dyes from industry.  

In Ammonia extraction, lichens that have a C+ response 

are best for purple and violet dyes (Allen 2014). Spot test 

has done to Parmotrema spp. giving respond C+ red. 

Parmotrema tinctorum ammoniac extracts produced 

greyish violet. This was in accordance with studies by 

Casselman and Terada (2012) who stated that P. tinctorum 

produced purple color on fabric and thread through 

ammoniac fermentation. Such different colors shown from 

lichen ammoniac extracts were related to compounds in the 

lichen. Produced colors indicated the presence of particular 

compounds in Parmotrema tinctorum and Usnea baileyi 

species that reacted with ammoniac and aquadest.   

Purple color was produced presumably due to lecanoric 

acid in the Parmotrema tinctorum species. Lecanoric acid 

is p-depside that were hydrolyzed to orselic acid and 

undergoes a series of chemical reaction to form ‘orcein’ 

color precursor (Shukla et al. 2014). Salgado et al. (2018) 

reported that Parmotrema contains gyrophoric acid. It has 

been used as a purple and red dye for thousands of years, 

mainly in the northern hemisphere 
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Abstract. Wahyu Y, Putri NE, Trikoesoemaningtyas, Sutjahjo SH, Nur A. 2018. Short Communication: Correlation, path analysis, and 

heritability of phenotypic characters of bread wheat F2 populations. Biodiversitas 19: 2344-2352. Wheat varieties are still limited for 

Indonesia. A high yield wheat plant is necessary to be assembled by selecting plants from a segregated population. The selection will 

need information on some characters that contribute to the high yield and the relationship among the observed characters. This study 

aimed to determine the relationship between characters and the effects of the observed characters to grain yield per plant. This research 

was conducted from July 2017 to March 2018 at Balithi Experimental Farm (1100 m asl.), Cipanas, Cianjur District, West Java, 

Indonesia. The genetic material used were three F2 population of bread wheat (G1/Se, HP/Se, and Ja/Se) and four parent genotypes. 

Observations were made on each individual of F2 populations. Parent genotypes were planted by using completely randomized block 

design with three replications. The results showed that the number of a grain of non-main spike and the number of grain per plant 

characters had a high correlation in each F2 population and these characters also had positive and significant direct effect to grain weight 

per plant. It could be a character selection for high yield breeding program. The broad sense heritability was medium to a high value for 

all characters in F2 G1/Se and HP/Se populations. 

Keywords: direct effect, genetic variability, high yield, selection character 

INTRODUCTION  

Wheat (Triticum aestivum L.) is one of the important 

staple food whose consumption increases from year to 

year. Indonesia always imports wheat grain to fulfill their 

needs from Australia, Argentina, Canada, Ukraine, and 

America. Wheat grain imported were 7.4 million tons 

(2015), 10.5 million tons (2016), and 10.3 million tons 

(2017), with a value of US$ 2.1 billion, US$ 2.4 billion and 

US$ 2.3 billion, respectively (BPS 2018). An alternative 

can be done to reduce the country's large foreign exchange 

is to develop a tropical wheat plant in Indonesia. 

Indonesia already has several varieties of wheat, 

including Selayar, Dewata, Nias, Guri 1, Guri 2, Guri 3, 

Guri 4, Guri 5, Guri 6, and Ganesa. These are introduced 

varieties, except for Ganesa that produced by a mutation 

breeding programme. Assembling of new varieties can be 

achieved by using both conventional and non-conventional 

breeding programme. A conventional approach can be 

made by hybridization. 

Plant population resulted from hybridization has 

specific characteristics that are determined by the genetic 

background of their parents. The right parents will produce 

high genetic variability as a result of segregation that 

occurs in alleles that determine phenotypic characters. 

Acquaah (2007) stated that selection would be effective 

and efficient in populations with high genetic variability. It 

is better to use a selection character that has high 

heritability values  (Wahidy et al. 2016). The most targeted 

selection characters are yield, but it has a low heritability 

(Carvalho et al. 2017). Yield character was controlled by 

the complex mechanism so that selection should be used 

some traits related to yield (Desheva 2016).  

Indirect selection through the yield component requires 

knowledge of the relationship among characters (Khan et 

al. 2013). Correlation is an analysis that shows a linear 

relationship between two or more characters. 

Janmohammadi et al. (2014) reported that yield correlated 

with the number of spikelets, in which seed diameter and 

seed length correlated with 1000 grain weight. 

Furthermore, Dabi et al. (2016) confirmed that 1000 kernel 

weight, plant height and the number of seeds per spike 

were reported to be significantly correlated with yield. 

Mecha et al. (2017) added that the grain filling period had a 

positive correlation to the weight of 100 grains and yield. 

Biomass, harvest index, number of the productive tiller and 

1000 grain weight are closely related to yield, and so, 

selection using these characters can improve crop yield 

potential (Kandel et al. 2017). 
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Studies of the correlation between yield and yield 

components have been widely reported but still cannot 

provide a clear picture of the urgency level of each 

component in determining yield (Rharrabti and Elhani 

2014). Singh and Chaudhary (2007) asserted that path 

analysis provides information on the contribution of direct 

and indirect effects of causal factors on yield character. 

Singh and Upadhyay (2013) further explained that the 

significant and positive phenotypic direct effects were 

shown by yield per ha, followed by 1000 grain weight and 

the number of productive tillers to yield per plant. Spike 

length, days to maturity, the number of grain per spike has 

an adverse phenotypic direct effect on grain yield per plant. 

We crossed Guri 1, HP1744, and Jarissa to Selayar 

variety to obtain F1 and F2 seeds. We planted F2 seeds for 

each hybridization and would like to make the selection in 

each those populations. This study aimed to evaluate the 

relationship between characters in each F2 population and 

to determine the characters that have a direct or indirect 

influence on yield per plant so it can be used as selection 

criteria. 

MATERIALS AND METHODS  

Study area  

The research was carried out at the experimental farm 

of Balithi, Cipanas, Cianjur District, West Java Province, 

Indonesia in July 2017 - March 2018. The study site has an 

altitude of 1100 m above sea level. The genetic material 

used was the seeds of three F2 populations (G1/Se, HP/Se, 

and Ja/Se) and also four parent genotypes (Guri 1, HP1744, 

Jarissa, and Selayar). Guri 1 and Selayar are national 

varieties that have been released. The HP1744 genotype 

was a CYMMIT collection, and Jarissa was an introduced 

wheat variety from Slovakia. 

Procedures 

The genotypes were planted using Randomized 

Complete Block Design (RCBD) with three replications. 

The experimental unit was plot of 1 m x 5 m with a spacing 

of 30 cm x 20 cm, so there were 75 plants in each plot. One 

seed was planted in each hole. The character measurements 

were done on 10 sample plants for parents and all plants for 

F2 populations. Manure was given a month before planting 

as basic fertilizer at a dose of 20 kg ha-1. The inorganic 

fertilizers used were urea, SP36, and KCl with doses of 150 

kg ha-1, 200 kg ha-1, and 100 kg ha-1, respectively. Urea 

was given in two stages: the first was 7-10 days after 

planting (DAP) and the second was 30 DAP. Granule 

insecticide with carbofuran as the active ingredient was 

given when planting, 5-10 grains per a hole. Pesticides 

were used at recommended doses to control pest and 

disease. Weeding was carried out every three weeks 

manually. Watering was done to adjust the conditions of 

the plants in the field to prevent wilting. Harvesting was 

done if the plant has turned into yellow and the seeds were 

hard when pressed with nails. Observation was recorded on 

plant height, days to flowering, days to harvesting, grain 

filling period, number of productive tillers, spike length, 

number of spikelet per spike, spikelet density, number of 

floret of main spike, number of grain of main spike the 

percentage of unfilled grain, number of grain of non-main 

spike, number of grain per plant, 100 grains weight, grain 

weight of main spike, grain weight of non-main spike, and 

grain weight per plant. 

Data analysis 

The broad-sense heritability was estimated according to 

Mahmud and Kramer (1951). Heritability was categorized 

into low (< 20%), moderate (20-50%), and high (> 50%) 

following (Syukur et al. 2010). Correlation coefficient and 

path analysis were done according to Singh and Chaudhary 

(2007). Phenotypic correlation coefficients of yield and its 

components were obtained through statistical package R 

program. After computing the correlation coefficient 

between all characters, path coefficient analysis was 

performed using phenotypic correlation considering yield 

(grain weight per plant) as the response variable and other 

characters as a predictor variable. 

RESULTS AND DISCUSSION 

Correlation analysis 

All the characters observed had a significant and very 

significant correlation to grain weight per plant in the F2 

G1/Se population except for the spikelet density and the 

percentage of unfilled grain (Table 1). The number and 

grain weight of non-main spike had closed correlation to 

the number of grain per plant (r = 1) and grain weight per 

plant (r = 1), respectively. The characters that is closely 

related to grain weight per plant and positively correlated 

were grain weight of non-main spike (r = 1), number of a 

grain of non-main spike (r = 0.99), number of grain per 

plant (r = 0.99), and number of productive tillers (r = 0.95). 

This explained that the selection using these characters 

could improve grain weight per plant. Khan et al. (2013) 

and Desheva (2016) reported that the number of productive 

tillers of wheat had a positive and strong correlation to yield. 

On the other hand, the grain filling period was negative 

and significant correlated to the grain weight per plant. The 

number of a grain of non-main spike (r = 0.99) and the 

number of grain per plant (r = 0.99) correlated high 

significantly and positive to the grain weight of non-main 

spike and grain weight per plant. The number of productive 

tillers had a tight and significant correlation to a number of 

a grain of non-main spike (r = 0.95), the number of grain 

per plant (r = 0.96), grain weight of non-main spike (r = 

0.95), and grain weight per plant (r = 0.95). Mohsin et al. 

(2009) referred that number of productive tiller was highly 

positive and significantly correlated with grain yield.   

Table 2 showed that days to flowering, days to 

harvesting, grain filling period, spike length, and spikelet 

density did not have a correlation with grain weight per 

plant in the F2 HP/Se population. This result was different 

from those of Khan and Naqvi (2012), they stated    spike 

length showed positive and highly significant correlation 

with yield under non-stress condition (normal). On the 

contrary, the number of productive tillers, the number of a 

grain of non-main spike (r = 0.96), the number of grain per 
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plant (r = 0.96) and a number of a grain of non-main spike 

(r = 1) had a strong and positive correlation to grain weight 

per plant. Ramesh et al. (2016) reported that spike length 

and grain filling period exhibited significant phenotypic 

association with yield 

   The number of a grain of non-main spike of the 

population of F2 Ja/Se did not correlate with the grain 

weight of per plants (yield), and it was different from the 

two previous populations. Only the number of grain per 

plant (r = 0.86) and grain weight of non-main spike (r = 1) 

which has a strong and positive correlation to grain yield 

per plant (Table 3). The number of a grain of non-main 

spike had a tight and significant correlation to the number 

of grain per plant. 

Path analysis 

Correlation values could not describe the causal 

relationship among characters to their direct and indirect 

effect through other characters. Khan et al. (2013) 

explained that path coefficient analysis provided a clue to 

the contribution of all components of yield to the grain 

yield. It also supplied an effective way to find out direct 

and indirect sources of correlation. 

The number of grain per plant (p = 0.8551), days to 

flowering (p = 0.6172), and grain filling period (p = 

0.4994) had a significant direct effect on grain weight per 

plant of the F2 G1/Se population (Table 4). This table 

showed characters which had a small or adverse direct 

effect had an indirect impact through the number of grain 

per plant. Kumar et al. (2014) had a different result, in that 

the number grain per plant had a direct adverse effect to 

grain yield but had a positive and high indirect factor 

through number grain per spike. Neru et al. (2017) stated 

grain filling period had a direct negative factor to the grain 

yield per meter. Singh and Chaudhary (2007) reported that 

characters with a negative value for direct factor would be 

correlated through their indirect factors. The number of 

productive tillers and number of a grain of non-main spike 

had a greater indirect effect through a number of grain per 

plant of 0.8209 and 0.8551 values, respectively. This can 

be explained that the number of productive tillers and 

number of a grain of non-main spike correlated with the 

number of grain per plant, namely r = 0.96 and r = 1, 

respectively (Figure 1). Spike length have a small direct 

factor, but it influenced the number of grain per plant 

indirectly. It was also reported by Rahman et al. (2016). 

Ramesh et al. (2016) said that spike length, grains per 

spike, plant height, 50% heading and grain filling had the 

highest positive direct effect on grain yield. 

 

 
 

Table 1. Correlation coefficient of G1/Se F2 population 

 
 X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 
X2 0.67 

** 
               

X3 0.36 
** 

0.65 
** 

              

X4 -0.43 
** 

-0.51 
** 

0.33 
** 

             

X5 0.73 
** 

0.48 
** 

0.28 
** 

-0.28 
** 

            

X6 0.69 
** 

0.46 
** 

0.18 
ns 

-0.36 
** 

0.80 
** 

           

X7 0.63 
** 

0.44 
** 

0.22 
** 

-0.29 
** 

0.77 
** 

0.91 
** 

          

X8 -0.07 
ns 

-0.07 
ns 

-0.15 
ns 

-0.08 
ns 

-0.13 
ns 

-0.09 
ns 

-0,48 
** 

         

X9 0.64 
** 

0.42 
** 

0.20 
** 

-0.30 
** 

0.75 
** 

0.83 
** 

0.86 
** 

-0.33 
** 

        

X10 0.63 
** 

0.36 
** 

0.23 
** 

-0.19 
ns 

0.70 
** 

0.74 
** 

0.72 
** 

-0.19 
ns 

0.84 
** 

       

X11 -0.13 
ns 

0.03 
ns 

-0.10 
ns 

-0.15 
ns 

-0.11 
ns 

-0.03 
ns 

0.03 
ns 

-0.13 
ns 

0.03 
ns 

-0.49 
** 

      

X12 0.07 
** 

0.46 
** 

0.30 
** 

-0.23 
** 

0.95 
** 

0.74 
** 

0.70 
** 

-0.10 
ns 

0.72 
** 

0.70 
** 

-0.16 
ns 

     

X13 0.70 
** 

0.46 
** 

0.30 
** 

-0.23 
** 

0.96 
** 

0.74 
** 

0.70 
** 

-0.10 
ns 

0.73 
** 

0.71 
** 

-0.17 
ns 

1.00 
** 

    

X14 0.33 
** 

0.32 
** 

0.45 
** 

0.12 
ns 

0.27 
** 

0.18 
ns 

0.29 
ns 

-0.30 
** 

0.29 
** 

0.37 
** 

-0.28 
** 

0.28 
** 

0.28 
** 

   

X15 0.70 
** 

0.49 
** 

0.40 
** 

-0.16 
ns 

0.76 
** 

0.71 
** 

0.73 
** 

-0.26 
ns 

0.82 
** 

0.92 
** 

-0.40 
** 

0.76 
** 

0.77 
** 

0.58 
** 

  

X16 0.70 
** 

0.48 
** 

0.32 
** 

-0.23 
** 

0.95 
** 

0.73 
** 

0.70 
** 

-0.11 
ns 

0.72 
** 

0.69 
** 

-0.16 
ns 

0.99 
** 

0.99 
** 

0.31 
** 

0.77 
** 

 

X17 0.71 
** 

0.48 
** 

0.33 
** 

-0.23 
** 

0.95 
** 

0.74 
** 

0.71 
** 

-0.12 
ns 

0.73 
** 

0.70 
** 

-0.17 
ns 

0.99 
** 

0.99 
** 

0.32 
** 

0.78 
** 

1.00 
** 

Note: ** = significantly correlated at α 0.01, * = significantly correlated at α 0.05, ns = not significantly correlated at α 0.05, X1= plant 

height, X2 = days to flowering , X3 = days to harvesting , X4 = grain filling period, X5 = number of productive tillers, X6 = spike 

length, X7 = number of spikelet per spike, X8 = spikelet density, X9 = number of floret of main spike, X10 = number of grain of main 

spike, X11 = the percentage of unfilled grain, X12 = number of grain of non-main spike, X13 = number of grain per plant, X14 = 100 

grains weight, X15 = grain weight of main spike, X16 = grain weight of non-main spike, and X17 = grain weight per plant  
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The number of a grain of non-main spike (p = 0.311), 

the number of grain per plant (p = 0.392), and the number 

of productive tillers (p = 0.216) had a significant direct 

effect compared to other characters (Table 5). The number 

of productive tillers had a greater indirect effect (p = 

0.3562) than its direct effect (p = 0.2157) through the 

number of grain per plant. It also occurred to plant height, 

number of spikelet per spike, number of a floret of the main 

spike, number of a grain of the main spike, and grain 

weight of the main spike. The number of productive tillers 

had a large indirect effect through the number of grain per 

plant and its character also had a strong correlation (r = 

0.96), likewise the number of the grain of non-main spike 

(r = 1) to the number of grain per plant (Figure 2).  

The number of grain per plant had the most significant 

direct effect (p = 0.4512) to grain weight per plant in the 

Ja/Se population. Although the number of productive tillers 

and number of a grain of non-main spike had a small direct 

effect, it had a large indirect impact through the number of 

grain per plant (Table 6). The two characters whose had a 

very strong correlation to the number of grain per plant was 

the number of a grain of non-main spike (r = 1) (Figure 3).  

The number of a grain of the main spike had a negative 

direct effect but a positive and large indirect effect through 

grain weight per plant (p = 0.2539) with a strong correlation (r 

= 0.86). Spike length had significant phenotypic correlation 

on grain yield (Table 3) but it had a negative direct factor. 

Ali and Shakor (2012) reported that spike length had a 

negative direct factor in Durum wheat population but a 

positive direct factor in bread wheat population. 

Broad-sense heritability 

Heritability is one of the genetic parameters which always 

including to choose a selection criterion. Mohammadi et al. 

(2012) said heritability described how much a character is 

controlled genetically. All characters in F2 G1/Se and 

HP/Se populations had medium to high broad-sense 

heritability (Table 7). The number of grain and grain 

weight of the main spike and non-main spike had high 

broad-sense heritability values in all F2 populations. It also 

confirmed by Nukasani et al. (2013), Sing et al. (2012), and 

Monpara (2011). Plant high in three F2 populations was 

high. It indicated environmental factor was less influence 

to its phenotype. The same result was explained by Khan et 

al. (2013). 
 

 

Table 2. Correlation coefficient of HP/Se F2 population 
 

 X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 

X2 0.40 

** 
               

X3 0.35 

** 

0.60 

** 
              

X4 -0.29 

** 

-0.72 

** 

0.13 

ns 
             

X5 0.55 

** 

0.05 

ns 

0.08 

ns 

0.00 

ns 
            

X6 0.12 

ns 

0.04 

ns 

0.03 

ns 

-0.02 

ns 

0.09 

ns 
           

X7 0.54 

** 

0.31 

** 

0.20 

* 

-0.22 

** 

0.43 

** 

0.06 

ns 
          

X8 0.02 

ns 

-0.02 

ns 

-0.01 

ns 

0.02 

ns 

0.00 

ns 

0.98 

** 

0.13 

ns 
         

X9 0.37 

** 

0.05 

ns 

-0.03 

ns 

-0.09 

ns 

0.45 

** 

0.11 

ns 

0.45 

** 

0.01 

ns 
        

X10 0.29 

** 

0.04 

ns 

-0.14 

ns 

-0.17 

* 

0.37 

** 

0.11 

ns 

0.58 

** 

-0.01 

ns 

0.63 

** 
       

X11 -0.11 

ns 

0.02 

ns 

0.20 

* 

0.15 

ns 

-0.18 

* 

-0.06 

ns 

-0.43 

** 

0.03 

ns 

-0.15 

ns 

-0.85 

** 
      

X12 0.52 

** 

0.05 

ns 

0.01 

ns 

-0.05 

ns 

0.91 

** 

0.09 

ns 

0.41 

** 

0.01 

ns 

0.45 

** 

0.43 

** 

-0.24 

** 
     

X13 0.52 

** 

0.05 

ns 

0.01 

ns 

-0.05 

ns 

0.91 

** 

0.09 

ns 

0.42 

** 

0.01 

ns 

0.46 

** 

0.45 

** 

-0.27 

** 

1.00 

** 
    

X14 0.00 

ns 

-0.28 

** 

-0.27 

** 

0.10 

ns 

0.24 

** 

-0.02 

ns 

-0.02 

ns 

-0.02 

ns 

0.09 

ns 

0.14 

ns 

-0.14 

ns 

0.25 

** 

0.25 

** 
   

X15 0.15 

 ns 

0.01 

ns 

-0.03 

ns 

-0.04 

ns 

0.22 

** 

0.03 

ns 

0.19 

* 

-0.0 

1ns 

0.27 

** 

0.21 

** 

0.11 

ns 

0.27 

** 

0.27 

** 

0.24 

** 
  

X16 0.51 

** 

0.00 

ns 

-0.03 

ns 

-0.02 

ns 

0.92 

** 

0.10 

ns 

0.39 

** 

0.01 

ns 

0.46 

** 

0.43 

** 

0.23 

** 

0.96 

** 

0.96 

** 

0.35 

** 

0.29 

** 
 

X17 0.51 

** 

0.00 

ns 

-0.03 

ns 

-0.03 

ns 

0.91 

** 

0.10 

ns 

0.39 

** 

0.01 

ns 

0.47 

** 

0.43 

** 

-0.24 

** 

0.96 

** 

0.96 

** 

0.36 

** 

0.36 

** 

1.00 

** 

Note: ** = significantly correlated at α 0.01, * = significantly correlated at α 0.05, ns = not significantly correlated at α 0.05, X1= plant 

height, X2 = days to flowering , X3 = days to harvesting , X4 = grain filling period, X5 = number of productive tillers, X6 = spike 

length, X7 = number of spikelet per spike, X8 = spikelet density, X9 = number of floret of main spike, X10 = number of grain of main 

spike, X11 = the percentage of unfilled grain, X12 = number of grain of non-main spike, X13 = number of grain per plant, X14 = 100 

grains weight, X15 = grain weight of main spike, X16 = grain weight of non-main spike, and X17 = grain weight per plant 
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Table 3. Correlation coefficient of Ja/Se F2 population 

 

 X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X16 

X2 0.26 

** 
               

X3 0.20 

* 

0.62 

** 
              

X4 -0.15 

ns 

-0.72 

** 

0.10 

ns 
             

X5 0.52 

** 

0.09 

ns 

0.22 

** 

0.07 

ns 
            

X6 0.47 

** 

0.10 

ns 

0.09 

ns 

-0.05 

ns 

0.53 

** 
           

X7 0.34 

** 

0.09 

ns 

0.08 

ns 

-0.05 

ns 

0.39 

** 

0.69 

** 
          

X8 0.13 

ns 

-0.01 

ns 

0.01 

ns 

0.02 

ns 

0.19 

* 

0.41 

** 

-0.38 

** 
         

X9 0.19 

* 

0.10 

ns 

0.08 

ns 

-0.06 

ns 

0.27 

** 

0.51 

** 

0.51 

** 

0.02 

ns 
        

X10 0.20 

* 

-0.07 

ns 

-0.07 

ns 

0.03 

ns 

0.31 

** 

0.42 

** 

0.43 

** 

0.00 

ns 

0.68 

** 
       

X11 -0.08 

ns 

0.19 

* 

0.16 

ns 

-0.09 

ns 

-0.16 

ns 

-0.13 

ns 

-0.15 

ns 

0.04 

ns 

-0.11 

ns 

-0.79 

* 
      

X12 0.30 

** 

-0.07 

ns 

0.04 

ns 

0.12 

ns 

0.66 

ns 

0.49 

ns 

0.46 

** 

0.06 

ns 

0.40 

** 

0.57 

** 

-0.41 

** 
     

X13 0.30 

** 

-0.07 

ns 

0.04 

ns 

0.12 

ns 

0.66 

ns 

0.49 

ns 

0.46 

** 

0.06 

ns 

0.41 

** 

0.59 

** 

-0.42 

** 

1.00 

** 
    

X14 0.07 

ns 

-0.20 

* 

-0.14 

ns 

0.13 

ns 

-0.17 

* 

-0.02 

ns 

-0.08 

ns 

0.06 

ns 

0.01 

ns 

0.20 

* 

-0.27 

** 

0.06 

ns 

0.07 

ns 
   

X15 0.27 

** 

-0.11 

ns 

-0.13 

ns 

0.03 

ns 

0.24 

** 

0.33 

** 

0.33 

** 

-0.01 

ns 

0.58 

** 

0.86 

** 

-0.69 

** 

0.49 

ns 

0.50 

** 

0.47 

** 
  

X16 0.37 

** 

0.01 

ns 

0.04 

ns 

0.03 

ns 

0.61 

** 

0.47 

** 

0.43 

** 

0.06 

ns 

0.42 

** 

0.60 

** 

-0.45 

** 

0.86 

ns 

0.86 

** 

0.28 

ns 

0.63 

** 
 

X17 0.37 

** 

-0.01 

ns 

0.02 

ns 

0.03 

ns 

0.61 

** 

0.47 

** 

0.43 

** 

0.05 

ns 

0.43 

** 

0.63 

** 

-0.48 

** 

0.86 

ns 

0.86 

** 

0.29 

** 

0.66 

** 

1.00 

** 

Note: ** = significantly correlated at α 0.01, * = significantly correlated at α 0.05, ns = not significantly correlated at α 0.05, X1= plant 

height, X2 = days to flowering , X3 = days to harvesting , X4 = grain filling period, X5 = number of productive tillers, X6 = spike 

length, X7 = number of spikelet per spike, X8 = spikelet density, X9 = number of floret of main spike, X10 = number of grain of main 

spike, X11 = the percentage of unfilled grain, X12 = number of grain of non-main spike, X13 = number of grain per plant, X14 = 100 

grains weight, X15 = grain weight of main spike, X16 = grain weight of non-main spike, and X17 = grain weight per plant. 

 

 

 

 

Table 4. Path analysis of G1/Se F2 population 

 

X 
Direct 

effect 

Indirect effect 

X1 X2 X3 X4 X5 X6 X7 X9 X10 X12 X13 X14 X15 

X1 0.020  0.414 -0.201 -0.215 -0.024 -0.003 0.013 0.015 -0.086 0.074 0.599 0.000 0.102 

X2 0.620 0.016  -0.363 -0.255 -0.016 -0.002 0.009 0,010 -0.049 0.048 0.393 0.000 0.071 

X3 -0.560 0.008 0.401  0.165 -0.009 -0.001 0.004 0.005 -0.031 0.032 0.257 0.000 0.058 

X4 0.500 -0.010 -0.315 -0.184  0.009 0.002 -0.006 -0.007 0.026 -0.024 -0.197 0.000 -0.023 

X5 -0.030 0.017 0.296 -0.156 -0.140  -0.003 0.015 0.017 -0.095 0.100 0.821 0.000 0.110 

X6 0.000 0.016 0.284 -0.101 -0.180 -0.026  0.018 0.019 -0.101 0.078 0.633 0.000 0.103 

X7 0.020 0.015 0.272 -0.123 -0.145 -0.025 -0.004  0.020 -0.098 0.074 0.599 0.000 0.106 

X9 0.020 0.015 0.259 -0.112 -0.150 -0.024 -0.004 0.017  -0.114 0.076 0.624 0.000 0.119 

X10 -0.140 0.015 0.222 -0.129 -0.095 -0.023 -0.003 0.014 0.020  0.074 0.607 0.000 0.134 

X12 0.110 0.016 0.284 -0.168 -0.115 -0.031 -0.003 0.014 0.017 -0.095  0.855 0.000 0.110 

X13 0.860 0.016 0.284 -0.168 -0.115 -0.031 -0.003 0.014 0.017 -0.097 0.105  0.000 0.112 

X14 0.000 0.008 0.198 -0.251 0.060 -0.009 -0.001 0.006 0.007 -0.050 0.029 0.239  0.084 

X15 0.150 0.016 0.302 -0.224 -0.080 -0.025 -0.001 0.015 0.019 -0.125 0.080 0.658 0.000  

Residu 0.143             

Note: X1 = plant height, X2 = days to flowering , X3 = days to harvesting , X4 = grain filling period, X5 = number of productive tillers, 

X6 = spike length, X7 = number of spikelet per spike, X9 = number of floret of main spike, X10 = number of grain of main spike, X12 

= number of grain of non-main spike, X13 = number of grain per plant, X14 = 100 grains weight, X15 = grain weight of main spike. 
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Table 5. Path analysis of HP/Se F2 population 

 

X 
Direct 

effect 

Indirect effect 

X1 X5 X7 X8 X10 X11 X12 X13 X14 X15 

X1 0.021  0.119 -0.019 0.009 0.001 0.000 0.162 0.204 0.000 0.014 

X5 0.216 0.012  -0.015 0.010 0.002 0.000 0.283 0.356 0.026 0.021 

X7 -0.035 0.11 0.093  0.010 0.003 0.000 0.128 0.164 -0.002 0.018 

X8 0.023 0.008 0.097 -0.016  0.003 0.000 0.140 0.180 0.010 0.025 

X10 0.005 0.006 0.080 -0.020 0.014  0.001 0.134 0.176 0.015 0.020 

X11 -0.001 -0.002 -0.039 0.015 -0.003 -0.004  -0.075 -0.106 -0.015 -0.10 

X12 0.311 0.011 0.196 -0.014 0.010 0.002 0.000  0.392 0.027 0.025 

X13 0.392 0.011 0.196 -0.015 0.011 0.002 0.000 0.311  0.027 0.025 

X14 0.107 0.000 0.052 0.001 0.002 0.001 0.000 0.078 0.098  0.022 

X15 0.094 0.003 0.047 -0.007 0.006 0.001 0.000 0.084 0.106 0.026  

Residu 0.217          

Note: X1 = plant height, X2 = days to flowering , X3 = days to harvesting , X4 = grain filling period, X5 = number of productive tillers, 

X6 = spike length, X7 = number of spikelet per spike, X9 = number of floret of main spike, X10 = number of grain of main spike, X12 

= number of grain of non-main spike, X13 = number of grain per plant, X14 = 100 grains weight, X15 = grain weight of main spike. 

 

 

  

Table 6. Path analysis of Ja/Se F2 population 

 

X 
Direct 

effect 

Indirect effect 

X1 X5 X6 X7 X8 X10 X11 X12 X13 X14 X15 

X1 0.027  0.083 -0.012 0.017 0.044 -0.097 0.023 0.059 0.135 0.011 0.080 

X5 0.159 0.014  -0.013 0.020 0.062 -0.150 0.047 0.129 0.298 -0.026 0.071 

X6 -0.025 0.013 0.084  0.035 0.118 -0.204 0.038 0.096 0.221 -0.003 0.097 

X7 0.050 0.009 0.062 -0.017  0.118 -0.208 0.044 0.090 0.208 -0.012 0.097 

X8 0.230 0.005 0.043 -0.013 0.026  -0.330 0.032 0.078 0.185 0.002 0.171 

X10 -0.485 0.006 0.049 -0.011 0.022 0.157  0.230 0.112 0.266 0.031 0.254 

X11 -0.291 -0.002 -0.025 0.003 -0.008 -0.025 0.383  -0.080 -0.190 -0.041 -0.204 

X11 0.196 0.008 0.105 -0.012 0.023 0.092 -0.276 0.119  0.451 0.009 0.145 

X13 0.451 0.008 0.105 -0.012 0.023 0.095 -0.286 0.122 0.196  0.011 0.148 

X14 0.153 0.002 -0.027 0.001 -0.004 0.002 -0.097 0.079 0.012 0.032  0.139 

X15 0.295 0.007 0.038 -0.008 0.017 0.134 -0.417 0.201 0.096 0.226 0.072  

Residu 0.392           

Note: X1 = plant height, X2 = days to flowering , X3 = days to harvesting , X4 = grain filling period, X5 = number of productive tillers, 

X6 = spike length, X7 = number of spikelet per spike, X9 = number of floret of main spike, X10 = number of grain of main spike, X12 

= number of grain of non-main spike, X13 = number of grain per plant, X14 = 100 grains weight, X15 = grain weight of main spike. 

 

 

 

 
Table 7. Broad-sense heritability (h2

bs) of F2 populations 

 

Characters 

F2 populations 

G1/Se HP/Se Ja/Se 

h2
bs (%)  

PH 91.53 63.73 87.68 

DF 88.93 83.12 94.11 

DH 85.41 80.72 80.39 

GFP 96.81 94.49 96.87 

NPT 64.58 69.27 65.61 

SL 88.85 98.83 29.51 

NSS 81.60 61.53 48.04 

SD 44.36 98.05 0.00 

NFMS 89.99 37.90 52.46 

NGMS 71.37 65.88 66.38 

PUG 21.58 31.29 10.66 

NGNMS 68.55 67.05 93.11 

NGP 69.50 67.15 92.98 

HGW 85.01 32.57 47.69 

GWMS 64.62 91.72 70.29 

GMNMS 69.36 66.77 85.61 

GWP 69.98 67.04 85.09 

Note: PH (plant height), DF (days to flowering), DH (days to 

harvesting), GFP (grain filling period), NPT (number of 

productive tillers), SL (spike length), NSS (number of spikelet per 

spike), SD (spikelet density), NFMS (number of floret of main 

spike), NGMS (number of grain of main spike), PUG (the 

percentage of unfilled grain), NGNMS (number of grain of non-

main spike), NGP (number of grain per plant), HGW (100 grains 

weight), GWMS (grain weight of main spike), GWNMS (grain 

weight of non-main spike), and GWP (grain weight per plant). 

 

 

Grain weight per spike was determined by spike length 

and number of grain per spike. It revealed that spike length 

had high broad-sense heritability for F2 G1/Se and HP/Se 

populations but number grain per spike was high for all 

populations (Table 7). Guendouz et al. (2014) suggested 

number grain per spike could be increasing grain yield so it 

could be used for indirect selection. Kumar et al. (2018) 

reported in his research that the number of grain per spike 

had 91% for broad-sense heritability. It was also stated by 

Rathwa et al. (2018), Hakimi et al. (2017).  
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Figure 1. Path diagram of F2 G1/Se population. Note: X1 = days to plant height, X2 = days to flowering, X3 = days to harvesting, X4 = 

grain filling period, X5 = number of productive tillers, X6 = spike length, X7 = number of spikelet per spike, X9 = number of floret of 

main spike, X10 = number of grain of main spike, X12 = number of grain of non-main spike, X13 = number of grain per plant, X14 = 

100 grains weight, X15 = grain weight of main spike, X17 = grain weight per plant 
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Figure 2. Path diagram of F2 HP/Se Population. Note: X1 = days to plant height, X5 = number of productive tillers, X7 = number of 

spikelet per spike , X9 = number of floret of main spike, X10 = number of grain of main spike, X11 = the percentage of unfilled grain, 

X12 = number of grain of non-main spike, X13 = number of grain per plant, X14 = 100 grains weight, X15 = grain weight of main 

spike, X17 = grain weight per plant 
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Figure 3. Path diagram of F2 Ja/Se Population. Note: X1 = days to plant height, X5 = number of productive tillers, X6 = spike length, 

X7 = number of spikelet per spike, X9 = number of floret of main spike, X10 = number of grain of main spike, X11 = the percentage of 

unfilled grain, X12 = number of grain of non-main spike, X13 = number of grain per plant, X14 = 100 grains weight , X15 = grain 

weight of main spike, X16 = grain weight of non-main spike, X17 = grain weight per plant 

 

 

 

 
 

 

Spike density of F2 Ja/Se population had null broad-

sense heritability (Table 7). It indicated that its character 

was influenced mostly by the environment. Otherwise, two 

others populations had a high broad-sense heritability for 

spike density character. In these population, its character 

was controlled genetically, so perhaps it will be inherited to 

next generations. Sohail et al. (2018) said that characters 

whose high heritability values could be selected by single 

plant selection for the next generation. 

The number of grain per plant always had positive and 

significant direct factor in all F2 populations (Figure 1, 2, 

3). Its character also had a high broad-sense heritability 

(Table 7). It means that it can be a direct selection character 

for yield improvement in the wheat breeding program. 

Based on its path analysis and broad-sense heritability, the 

number of a grain of non-main spike character could be 

indirect selection character in all populations (Table 

4,5,6,7). In this research, we concluded that we could use 

the number of grain per plant and number of a grain of non-

main spike to select plants in each population to improve 

grain yield for the next generation.   
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Abstract. Rachmat HH, Subiakto A, Susilowati A. 2018. Mass vegetative propagation of rare and endangered tree species of Indonesia 

by shoot cuttings by KOFFCO method and effect of container type on nursery storage of rooted cuttings. Biodiversitas 19: 2353-2358. 

The Forestry Research and Development Agency (FORDA) and The Advance Research of Komatsu Ltd have developed a mass 

propagation technique using shoot cuttings, namely KOFFCO system (Komatsu-FORDA Fog Cooling System). KOFFCO system 

controls environmental factors (temperature, humidity, and light intensity) to produce high percentage of rooted cuttings. The seed 

production of dipterocarp species is unreliable and unpredictable. Thus, vegetative propagation is an alternative means for producing 

planting materials of dipterocarp species. An attempt was made to produce rooted cuttings of rare and endangered dipterocarp and non-

dipterocarp species of the Indonesian native trees, for further use in both reforestation and plantation programs. In fact, this study 

attempts to answer two specific research questions: (i) What is the potential of KOFFCO system as a vegetative mass propagation 

technique for Indonesian dipterocarps and non-dipterocarps? (ii) What is the effect of container types on long-term post-nursery storage 

of dipterocarp planting stock? To answer the first question stated above, vegetative propagation through shoot cuttings of 24 species 

belonging to 7 genera of dipterocarps and 13 species belonging to 12 genera of non-dipterocarps was attempted (>30.000 cuttings, in 

total), using KOFFCO system. The results showed that KOFFCO is an efficient innovative technology for the successful mass 

propagation from cuttings. 100% root formation obtained for Nauclea orientalis, Anotephalus macrophyllus and Ficus sp. To find the 

answer for the second question, storage experiments and growth observations of the planting stock of selected dipterocarp species was 

performed, using three different types of containers. Rooted cuttings of six species of dipterocarps with same germination date were 

tested in each type of the container. The result showed that medium sized square and medium sized round containers produced an 

average height increment of 19.92 cm and 21.58 cm, respectively, in a year, while small sized square containers produced only 13.94 cm 

height increment. Both square and round shaped containers are appropriate for short term storage of planting stock, while small 

containers are more appropriate for storing planting stocks or seedlings for a longer period. 

Keywords: KOFFCO, cutting, mass propagation, dipterocarps 

INTRODUCTION 

Domination of Dipterocarps in tropical forests of South 

East Asia is undebatable. Dipterocarps are not only 

ecologically important but also economically significant 

(Bradshaw et al. 2009). 13 of the total 16 genera within the 

family, and about 92% of the 510 species belonging to this 

family grows naturally in the forests of Asia(Bawa 1998). 

Bradshaw et al. (2009) determined that the rate of tropical 

forest loss in Southeast Asia is greater than all other 

tropical regions. Adjers et al. (1995) stated that in the last 

two decades itself, at least seventy million hectares of 

forest was seriously depleted for which over exploitation 

and shifting cultivation were the main causes. 

Establishing new forests in Indonesia and Malaysia has 

been mainly carried out by planting exotic trees such as 

Acacia and Eucalyptus. Contrary to most native tree 

species, silvicultural techniques for both Acacia and 

Eucalyptus are widely available and advanced. Other 

considerations for establishing such exotic trees is that they 

show faster growth and higher resistance to environmental 

stress. While establishing plantations of exotic trees can 

guarantee timber supply in relatively short period of time, 

enrichment planting of commercially logged forests and 

establishment of commercial plantations using native or 

indigenous species offers greater benefits. In principal, 

restoring forest productivity for timber production is not 

the only criterion nowadays. Instead, recovering 

biodiversity and enhancing other environmental services 

are also receiving due considerations.  

Depending on site and silvicultural techiques adapted, a 

15 to 17 years old dipterocarps plantation could give the 

average diameter of 13.7 to 24.9 cm at breast height and 

the total volume ranged from 79.420 m3 /ha-215.412 m3 /ha 

(Subiakto et al. 2016). Considering the advanced 

technology in wood processing, producing timber of lower 
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dimension may currently be acceptable. Thus the 

economics of dipterocarp plantations should be revisited.  

Previous studies have shown that planting dipterocarps 

for both reforestation and plantation purpose has certain 

obstacles. Flowering and fruiting of dipterocarps is highly 

irregular with intervals of 2-10 years and the seed is 

categorized as recalcitrant with viability of less than a 

month after collection (Appanah 1993). Therefore, 

continuous supply of planting stocks is one of the major 

constraints. Difficulty in producing planting stock due to 

irregular fruiting and recalcitrant seed is the main reason 

for using vegetative propagation. 

 Difficulties in producing planting stocks due to 

irregularity of fruiting season and other seed characteristics 

such as recalcitrant are among the reasons for developing 

mass vegetative propagation. The Forestry Research and 

Development Agency (FORDA) and The Advance 

Research of Komatsu Ltd have developed a mass 

propagation technique from cuttings, namely KOFFCO 

system (Komatsu-FORDA Fog Cooling System). A unique 

feature of this innovative KOFFCO system, when 

compared to other more conventional techniques, is the 

presence of fog cooling system. The cooling mechanism 

contains sensor that will detect temperature higher than 

30oC, and this condition will trigger thermostat to activate 

high pressure pump and nozzles will spread fogging 

automatically. As fog gets evaporated, the heat inside the 

greenhouse is absorbed and this maintains temperature 

under 30oC. Besides this, KOFFCO system also involves 

control of light intensity (5,000-20,000 lux) and humidity 

(above 95%), by using shading net and propagation box 

(Subiakto and Sakai 2007). KOFFCO system has been 

adopted in many nurseries of commercial timber 

concessions or forestry services both in Kalimantan and 

Sumatera. This technique has also been adopted by 

students in conducting their research in many Universities. 

Further developments have broadened the scope of 

KOFFCO system to involve various aspects like 

exploration of wildings to raising and storing the planting 

stocks after post-nursery acclimatization, from just 

greenhouse and nursery management.  

To support the growth of propagules obtained from 

cuttings, KOFFCO system requires greenhouse and nursery 

facilities. Root formation stage is the first phase in 

vegetative propagation which is conducted and supported 

inside the greenhouse facilities. During this stage, 

greenhouse requires facilities including propagation boxes, 

poly tubes, poly bags and fogging systems. The second 

stage is growth phase of rooted cuttings which is known as 

hardening. This phase is conducted and supported in the 

nursery and requires shading nets, watering system, poly 

tubes, poly bags, nursery benches, workshop for preparing 

cutting materials and transplanting phase. After these two 

stages are completed successfully, planting stocks can be 

directly planted in the field or kept for certain duration for 

others purposes. The use of different poly tubes/container 

types will determine the growth of the planting stocks, 

based on its specific storage purposes. 

The purpose of the present study was to examine the 

potential of KOFFCO technology in the production of 

propagules of the Indonesian native tree species, for further 

use in both reforestation and plantation programs. In fact, it 

attempts to answer two specific research questions: (i) 

What is the potential of KOFFCO system as a vegetative 

mass propagation technique for Indonesian dipterocarps 

and non-dipterocarps? (ii) What is the effect of containers 

types on long-term post-nursery storage of dipterocarp 

planting stock?  

MATERIALS AND METHODS 

Rooting of dipterocarps and non-dipterocarps 

The capability of KOFFCO system (Komatsu-FORDA 

Fog Cooling System) for mass propagation of dipterocarps 

and non-dipterocarps was studied. 37 species belonging to 

19 genera of dipterocarps and non dipterocarps were 

propagated using more than 30,000 cutting materials, and 

the percentage of rooting of the cutting for each of the 

species. Study on propagation of dipterocarp and non 

dipterocarp species was carried out at KOFFCO 

greenhouse and nursery, Forest Research and Development 

Center (FRDC) and at the glass house and nursery of 

Faculty of Forestry, Sumatera Utara University (see Table 

1 for details). On an average, about 6 months are required, 

after transplanting cuttings, to become ready-planting 

stocks (except for Dipterocarpus cinereus). Cutting media, 

root hormones, propagation box and greenhouse condition 

were set as described by Subiakto and Sakai (2007) with 

some minor modifications in the study conducted at 

Sumatera Utara University, such as absence of automatic 

cooling system, and manual observation of temperature and 

humidity. Rooting ability of the species (%) was 

determined with a single treatment and number of cuttings 

used per species varied depending on the availability of 

source plants for cuttings. 

Effect of container type on nursery storage  

This study was carried out in a KOFCO (Komatsu-

FORDA Conservation) nursery at KOFCO greenhouse and 

nursery, FRDC, Bogor. Planting stocks of six species of 

dipterocarps was tested in three types of containers. The six 

species were: Vatica sumatrana Slooten ex. K. Heyne, 

Shorea pinanga Scheff, Shorea seminis Slooten, Shorea 

balangeran Burck, Shorea stenoptera Burck and Shorea 

chrysophylla Ridl. The containers tested were of three 

types, a) Type I, medium square containers (upper size 9 

cm x 9 cm, height 10.6 cm, base size 5.3 x 5.3 cm), 15 

containers/tray; b) Type II, medium round containers 

(upper diameter 7.5 cm, base diameter 5.5 cm, height 10.8 

cm), 15 containers/tray; and c) Type III, small square 

containers (upper size 5.6 cm x 5.6 cm, height 13 cm, base 

size 3.3 x 3.3 cm), 45 containers/tray. Each species was 

replicated in three blocks/trays which consisted of five 

planting stocks having same germination date.  
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RESULTS AND DISCUSSION 

Rooting ability of stem cuttings of dipterocarp and non-

dipterocarp species 

The rooting ability of stem cuttings of 37 species 

belonging to 19 genera of dipterocarps and non 

dipterocarps was assessed. This data is useful to determine 

the potential of mass vegetative propagation of these 

species for reforestation projects and development of native 

tree plantations, and also germplasm conservation program. 

The rooting ability of each of the studied species, after 12 

weeks of observation, is provided in Table 1. 

Propagation by stem cuttings of recalcitrant species 

requires high technical expertise to achieve an acceptable 

rooting percentage. Specialized facilities are required to 

produce rooted cuttings. In general, KOFFCO system 

provides high percentage of rooted cutting. Among 24 

dipterocarp species tested, 16 species showed rooting 

ability of >65 %, which means 67 % of dipterocarps 

showed successful results and therefore they may be 

successfully propagated by this technique. 4 species e gave 

50-65% rooted cuttings, and in case of remaining 4 species 

(16.7%), some improvements or modifications are needed 

to get higher percentage of rooted cuttings since their 

rooting ability was < 50%. Yeboah et al. (2011) stated that 

the presence of leaves on cuttings is also an important 

factor that determines the success of root formation in 

cuttings because leaves are important for root production. 

For dipterocarp species which have larger leaves, it is 

important to trim the leaves into half or one-third of their 

original size. By trimming the leaves, loss of water is 

reduced and root initiation is stimulated. This results in a 

higher rooting rate. 

 
Table 1. Percentage of rooting of cuttings of dipterocarp and non-dipterocarp species by using KOFFCO system 

 

Species No.of cuttings 
No. of rooted 

cutting 

Rooting 

percentage 

(%) 

Conservation status 

IUCN* Indonesian ** 

Ficus sp. 163 163 100 NA NA 

Nauclea orientalis 45 45 100 NA NA 

Antocephalus macrophyllus 45 45 100 NA NA 

Hopea odorata 3375 3280 97.2 Vul A2cd ver 3.1 NA 

Anisoptera costata 124 119 96.0 En A2acd ver 3.1 Priority 3 3) 

Syzigium oleina 45 43 95.6 NA NA 

Styrax sumatrana#) 60 55 91.67 NA NA 

Styrax benzoin#) 60 55 91.67 NA NA 

Octomeles sumatrana 90 82 91.1 LR/LC ver 2.3 NA 

Shorea leprosula 4500 4045 89.9 NT ver 3.1 NA 

Pinus merkusii# 80 70 87.5 Vul B2ab (ii, iii,v) ver 3.1 NA 

Shorea selanica 12870 11214 87.1 CR A1cd ver 2.3 NA 

Vatica umbonata 45 39 86.7 LC ver 3.1 NA 

Dryobalanops oblongifolia 360 312 86.7 LC ver 3.1 NA 

Vatica sumatrana 405 345 85.2 NA NA 

Shorea platyclados 1890 1573 83.3 En A1cd ver 2.3 NA 

Shorea multiflora 270 211 78.1 LC ver 3.1 NA 

Anisoptera marginata 180 140 77.8 En A1cd+2cd ver 2.3 NA 

Eurycoma longifolia# 80 62 77.8 NA Managed 4) 

Shorea javanica 720 555 77.1 En B1ab (iii) ver 3.1 Priority 3 3) 

Shorea balangeran 900 686 76.2 CR A1cd ver 2.3 NA 

Shorea seminis 111 82 73.9 CR A1cd ver 2.3 Protected 1) 

Dryobalanops sumatrensis 108 79 73.1 Vul A2cd ver 3.1 Priority 2 3) 

Shorea guisso 4095 2939 71.8 NA NA 

Cotylelobium melanoxylon 125 89 71.2 En A1cd+2cd ver 2.3 NA 

Duabanga grandifolia 226 137 60.7 NA NA 

Vatica javanica ssp. javanica 30 18 60 NA Priority 1 3); Protected2) 

Eusideroxylon zwageri 10 6 60 Vul A1cd+2cd Protected 2): Priority 33) 

Dryobalanops lanceolata 121 67 55.4 En A1cd ver 2.3 NA 

Shorea curtisii 130 69 53.1 LC ver 3.1 NA 

Shorea pinanga 270 142 52.6 NA Protected 1); Priority 3 3) 

Shorea laevis 56 24 42.9 Vul A2cd ver 3.1 NA 

Dipterocarpus retusus 270 93 34.4 En A2cd ver 3.1 NA 

Taxus sumatrana# 80 24 30 NA Protected 2) 

Scaphium macropodum 30 8 26.7 LR/LC ver 2.3 NA 

Dipterocarpus grandiflorus 34 6 17.6 En A2cd ver 3.1 NA 

Dipterocarpus cinereus 39 3 7.9 CR D ver 3.1 Protected 2) 

Note: # Experiment was carried out at glass house in Faculty of Forestry, North Sumatera University; * Based on The IUCN Red List of 

Threatened Species (www.iucnredlist.org/search): CR, critically endangered; En, endangered; Vul, vulnerable; LC, least concern; LR, 

Lower risk; NA, not assessed yet or not available; ** Indonesian rule and regulation for Plant protection 1) PP 7/1999; 2) Peraturan 

Menteri Lingkungan Hidup dan Kehutanan No 20 Tahun 2018; 3) Strategy and Conservation Action Priority (Priority 1-Priority 3); 4) 

Keputusan Menteri Pertanian No 511/Kpts/PD. 310/9/2006 
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In general, stem cuttings taken from young seedlings of 

"difficult-to-root" tropical hardwood species root more 

easily than those taken from older (matured) plants. 

Juvenility of cutting source is also significant factor that 

affect rooting ability. Higher rooting percentage will be 

obtained from younger cutting source. KOFFCO system 

applied in this study resulted high rooting percentage 

(97.25%) for Hopea odorata originated from 12 months 

old cutting source. Different technique developed by 

Forestry Department of Peninsular Malaysia (Forestry 

Department of Peninsular Malaysia 1998) produced more 

than 75% rooting ability for 6-12 month old Hopea odorata 

seedlings while for those of 18-21 month-old saplings only 

reached success rate less than 50%.  

 The genus Vatica was rather easy to be propagated 

vegetatively using KOFFCO system since all two Vatica 

species propagated by KOFFCO system in this study 

showed very high rooting ability (> 85%). However, 

experiments conducted on the propagation of Vatica by 

cuttings employing non-KOFFCO technique showed that 

the rooting rate is under 50 % (Momose 1978). Contrary to 

Vatica spp., propagation of Dipterocarpus spp. was rather 

difficult as all the three species studied showed very low 

percentage of rooting (<50%). However, reportedly extinct 

Dipterocarpus cinereus was successfully propagated by 

shoot cutting in this study, though the percentage of rooting 

was as low as 8%. This success, apparently due to 

modification of shade, is a big leap towards conservation of 

D. cinereus which is endemic and has a very small 

population size, considering the fact that earlier efforts to 

propagate this species were not successful (Rachmat and 

Subiakto 2015). Previous study has also recorded a very 

low propagation success rate of 15% for Dipterocarpus 

caudiferus (Ajik and Kimjus 2013). Slightly higher 

percentage of rooting obtained in this study by applying 

KOFFCO technique is, therefore, a good progress for this 

genus.  

Some non-dipterocarp species such as Pinus merkusii, 

Styrax sumatrana, Styrax benzoin, etc. are also successfully 

propagated by KOFFCO system with high rooting 

capabilities. 87.5% rooting obtained for pine cuttings using 

KOFFCO in this study was higher compared to non-

KOFFCO method in which rooting of only 75% has been 

reported (Corryanti and Rahmawati 2015). Propagation of 

important resin producing trees in North Sumatera (Styrax 

sumatrana and Styrax benzoin) using KOFFCO had also 

produced high rooting (Susilowati et al. 2017) compared to 

previous research conducted by Harahap (2012). But 

improvement in rooting is needed especially for Taxus 

sumatrana, considering the fact that cuttings were derived 

from older trees.  

Previous study by Henselova et al. (2002) showed that 

successful rooting of stem cuttings was achieved by 

maintaining the temperature within 28o C. Nawrocka-

Grzeskowiak and Grzeskowiak (2003) working with 

Azalea shoot cuttings observed that a controlled 

temperature range of 20-25oC enhanced rooting 

performance. These findings are in accordance with the 

current application of KOFFCO technique in which 

temperature was always maintained under 30 oC and it 

seemed work well for most of the tested species. Relative 

humidity was always regulated at 95% or more as this is 

another important factor for rooting performance. Watering 

in KOFFCO technique was once in every two days and it is 

very important to avoid excess watering. Balestrini and 

Vartanian (1983) reported that water is important in 

vegetative propagation as it helps in maintaining relative 

humidity and reducing the temperature for cell division and 

other biochemical processes. However, excessive irrigation 

had a negative influence on rooting success (Erstad and 

Gislerod 1994; Rein et al. 1991). 

Effect of container type on nursery storage  

Favorable environmental conditions increases survival 

rate and allow trees to develop quickly until they can 

successfully compete for water, light and nutrients. Among 

all techniques applied in a nursery, a containerized seedling 

concept has gained its popularity to cope with rapid 

reforestation projects (Robert and Whitcom 1977). 

Containers are better alternatives to polybags in many 

aspects. Design of nursery containers effects post-

transplant growth of several species (Gilman 2001; Struve 

1993).  

The choice of seedling size and container type, and 

their effects on post-planting performance is also of 

economic importance in production forestry. The growth of 

plants in containers is influenced by physical and chemical 

characteristics of the container environment, including 

container volume, shape and fertility (Keever and Cobb 

1987). Stem cuttings of woody species can be rooted in 

numerous combinations of containers and substrates. 

However, container size, type and substrate can influence 

rooting percentage, root system quality and subsequent 

field growth. Generally, the type and volume of the 

containers are some of the most important characteristics, 

because they have both major and direct impacts on 

seedling quality and production costs. Meanwhile, the 

optimum container size varies according to many factors, 

including species, growing density, environmental 

conditions and length of the growing season (Tian et al. 

2017). In this study, the the influence of container type on 

seedling growth of five species of Shorea and one species 

of Vatica was assessed for different storage durations of 

one month, six months and one year. Data on seedling 

height measured for different container types and sizes are 

as shown in Table 2 . 

In general, medium sized square containers (15/tray) 

produced better growth of cuttings in the nursery when 

compared with rounded containers(15/tray) and small sized 

square containers(45/tray). According to Tian et al. (2017), 

increasing container size has a positive effect on seedling 

growth of many woody plant species. This finding is also 

supported by other research on plants like Elaeis guineensis 

(Akpo et al. 2014), Acacia koa (Dumroese et al. 2011), 

Eucalyptus citriodora (Vaknin et al. 2009) and Pinus pinea 

(Dommingguez-Lerena et al. 2006), all of which have 

indicated that parameters such as seedling height, root-

collar diameter, leaf production, and biomass increased 

with an increase in container size. Shoot growth is greatly 

impacted by varying container size and root restriction.  
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Table 2. The effect of container type on seedling growth 

 

Container 

type 
Species 

Height (cm) 

1 month 6 month 12 month 

   
   

Medium 

sized square 

containers 

(15/tray) 

S. seminis 18.53 38.47 66.6 

S. balangeran 3.27 10.46 33 

S. stenoptera 14.33 26.15 41.92 

S. crysophylla 9.47 13.07 27.86 

S. pinanga 25.8 60.07 71.13 

V. sumatrana 12.8 28.93 56.13 

Average 14.03 29.53 49.44 

  
 

   
Round 

containers 

(15/tray) 

S. seminis 15.67 30.47 54 

S. balangeran 3.53 10.14 40.86 

S. stenoptera 21 37.21 55 

S. crysophylla 6.2 11.29 28.57 

S. pinanga 19.87 45.33 60.71 

V. sumatrana 11.6 27.07 51.87 

Average 12.98 26.92 48.50 

  
 

   
Small sized 

square 

container 

(45 

containers/ 

tray) 

S. seminis 27.73 38.47 66.6 

S. balangeran 3.87 10 26.47 

S. stenoptera 14.4 30.92 34.2 

S. crysophylla 6.6 11.71 20.5 

S. pinanga 14.93 38.87 48.53 

V. sumatrana 9.93 28.6 45.93 

Average 12.91 26.43 40.37 

 

 

Larger container size can increase leaf area, shoot 

biomass and root biomass (Cantliffe 1993). Roots rely 

upon aerial portions of plants for photosynthates and 

various hormones, while plant aerial portions rely on roots 

for water, nutrients, support and hormones. The delicate 

balance between roots and shoots can be upset when the 

root system is restricted in a small rooting volume. The 

resulting imbalance can have short term as well as long 

term effects on plant growth. According to NeSmith and 

Dufal (1998), besides affecting root growth, container size 

has an effect also on shoot growth. when rooting volume 

decreased, less leaf area was produced. Shoot height and 

biomass reduction in small containers also have been 

reported in some species.  

Container shapes (rounded or square or pyramidal) have 

varied effects on plant growth. According to Robert and 

Whitcom (1977), the behavior of roots in a round container 

is part of the root girdling problem. When a growing root 

confronts a barrier it cannot penetrate, it turns or buckles 

and follows the contour of the barrier. In a cylindrical 

container, no direction other than cyclic is provided and the 

root starts a spiral growth pattern around the container. 

Research by Davis and Whitcomb (1975) has shown that 

by using a square, bottomless container on a wire bench, 

the roots grow out until contacting the sides, then proceed 

to the 90 degree corner and grow downward. Based in this 

research, it is concluded that both medium sized square and 

round container produce higher growth than small sized 

square containers. However, considering the aspect of root 

growth, the use of square shaped containers is 

recommended because it is able to support root growth 

better than round shaped containers.  
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Abstract. Sufa HI, Budiarti S, Rusmana I. 2018. Diversity of uropathogenic Escherichia coli lytic phage from Cisadane River, West 

Java, Indonesia based on morphology and protein molecular weight characteristics. Biodiversitas 19: 2359-2364. The aimed of this 

study was to identify, isolate and characterized the lytic phage diversity which had a potential in reducing uropathogenic Escherichia 

coli (UPEC), antibiotic resistant-pathogenic bacteria infecting urinary tract from Cisadane river based on the morphology and protein 

molecule weight. To the best of our knowledge, this study has not yet been reported in Indonesia. Two novel lytic phages of UPEC, 

FU1, and FU3 were isolated from Cisadane River, Indonesia. Both of lytic phages were more closely related to Podoviridae, which had 

icosahedral capsid in 47.2 nm and 40 nm diameter length, respectively and short-noncontractile tail (< 40 nm). The FU1 and FU3 had 

different protein molecular weight ranges between 10-76 kDa and 8-120 kDa, respectively. In addition, the bacteriolytic activity of FU3 

(1.6  107 PFU/mL) was able to reduce UPEC (1.7  107 CFU/mL) to become lower than the limitation value of infection (< 105 

CFU/mL) in only 25 h of incubation. A better effect of FU3 phage in decreasing UPEC population in vitro is expected to be one of the 

further alternative biocontrol agents to reduce the abundance of UPEC population which grows in urinary tract or contaminates river 

water. 

Keywords: Biocontrol, biodiversity, lytic phage, UPEC, river contaminant, urinary tract infection  

INTRODUCTION  

Uropathogenic Escherichia coli (UPEC) becomes one 

of the predominant pathogenic bacteria infecting human 

urinary tract (Kirecci et al. 2015). Some urine samples 

from different childhood’s patient in Indonesia also showed 

the presence of culturable UPEC and unculturable 

Escherichia sp. based on 16S rRNA gene (Christine et al. 

2018). Mechanism of UPEC in infecting urinary tract is 

commonly initiated by colonizing E. coli from anus to 

periurethral slot, then it moves to bladder and kidney by 

ascending. The dominance of UPEC as the highest bacteria 

presence in urinary tract is supported by genetic contents 

encoding virulent factors such as adhesion, motility, 

siderophore production, toxin production and host immune 

evasion (Nielubowicz and Mobley 2010). In addition, the 

ability of pathogenic E. coli to live and contaminate various 

habitat, including water source, become a serious problem 

that needs an effective solution. Interestingly, the previous 

study reported that more than 50% of UPEC isolated from 

100 urine samples of infant and elderly UTI's patient had 

resistance to various types of antibiotics such as amikacin, 

aztreonam, chloramphenicol, cotrimoxazole, cefepime, 

cefpodoxime, ceftazidime, cefotaxime, ceftriaxone, 

cefoxitin, ciprofloxacin, gentamicin, tobramycin, 

piperacillin1, tetracycline, nitrofurantoin, and norfloxacin 

(Akram et al. 2007). The application of lytic phage can be a 

solution to accelerate the reduction of antibiotic-resistant 

pathogenic bacteria.  

 Lytic phage is a bacterial virus which specifically 

infects the host bacterial cell, then it lyses bacteria to 

produce many new mature lytic phages. A successful 

recognition of lytic phage to the host bacterial cell is 

determined by receptors compatibility in bacterial cell to 

ligand binding protein of phage (Madigan et al. 2015). The 

high specificity of lytic phage in infecting the bacterial cell 

give a good impact to lytic phage that becomes a safe 

biocontrol agent for human cell and normal microbiota in 

human body or in environment. 

Some lytic phage studies from Indonesia have been 

reported for example lytic phage of enteropathogenic 

Escherichia coli (EPEC) isolated from domestic waste 

(Arivo et al. 2016), lytic phage from Ciapus River which is 

specific to Bacillus pumilus contaminating sewage water 

(Kusmiatun et al. 2015), and lytic phage from the dairy 

farm specific to Staphylococcus aureus, predominant 

bacteria causing bacteremia (Nugroho et al. 2016). There 

are some lytic phages which have been commercialized 

through long experiments. Three commercial lytic phages 

(Pyo, Intesti and Septaphage) were tested in vitro against 

various antibiotic-resistant pathogenic bacteria (E. coli and 

Proteus spp.). Each phage was able to lyse 61%, 67%, 9% 

of 70 Escherichia coli strains and 29%, 39%, 19% of 31 

Proteus spp strains, respectively (Bernasconi et al. 2017). 

To best to our knowledge, phage lytic specific to UPEC has 

not been reported from Indonesia. In view of this, the novel 

study of discovery and identify the lytic phages diversity 

from Cisadane river can be developed to be a biocontrol 
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agent specific to UPEC which infects urinary tract and 

contaminates environment. 

MATERIALS AND METHODS 

Bacterial isolate preparation 

UPEC used as phage host was isolated from catheter of 

clinical UTI patient by microbiology laboratory of 

Hasanuddin University, Indonesia in August 24th, 2015. 

The urine of patient had some characteristics which were 

indicated as UTI, such as the quantity of UPEC in urine 

patient was clinically enumerated > 105 and 10 

leukocytes/mm3 (Pappas 1991). UPEC was verified by 

culturing on Eosin Methylene Blue Agar (EMBA) (Oxoid, 

Basingstoke, UK), Gram staining, biochemical test by 

conventionally Indole-Methyl Red-Voges Proskauer-

Citrate (IMViC) method (Zahera et al. 2011). Hemolysin 

production was analyzed on blood agar media. Bacterial 

stock was grown on Luria Bertani medium (LB) (Difco, 

Becton Dickinson and Company, USA). 

Antibiotic sensitivity pattern test was determined by 

disk diffusion method based on the Clinical and Laboratory 

Standards Institute, with document number ISSN 2162-

2914 page 53 guidelines (CLSI 2016). UPEC was 

incubated in LB broth at 37oC for 24 h, then UPEC has 

dropped 100 L into 5 mL LB soft agar in 40 oC before 

pouring as the top layer of LB agar in 100 mm petri plate. 

The antibiotic sensitivity test used 6 disks of ampicillin 10 

g/mL; chloramphenicol 30 g/mL; ciprofloxacin 5 

g/mL; clindamycin 30 g/mL; doxycycline 30 g/mL; 

cotrimoxazole 23.75 g/mL. The disks were put on the top 

of double-layer agar and placed no less than 24 mm apart, 

center to center. The antibiotic sensitivity was observed 

after incubating at 37 oC for 24 h by measuring the size of 

lytic zone around of the disk.  

Lytic phage isolation and purification 

Water sample from Cisadane River, Indonesia, was 

used in lytic phage isolation. The filtrate of centrifuged 

sample (10,000 g; 10 min) was treated by twice modified 

enrichment methods (Jensen et al. 1998). The first 

enrichment was carried out by mixing and incubating 2 mL 

filtrate of phage sample, 1 mL of LB [10], 2 mL of UPEC 

culture (OD600nm=1), collectively at 37 oC for 24 h. Sample 

was centrifuged at 10,000 g for 15 min. Filtrate was 

treated for the second enrichment by adding 1 mL of LB 

[10], 5 mL of UPEC culture (OD600nm=1), collectively and 

incubated at 37 oC for 24 h. Each filtration process was 

done by using a 0.22 μm membrane filter. The lytic phage 

presence was observed by the formation of plaques in 

double layer agar (Carey et al. 2006). The mixture of 100 

μL of phage stock solution and 100 μL of UPEC culture 

(OD600nm=1) was incubated for 10 min at room temperature 

then it was added into a tube containing 5 mL at 47°C soft 

agar (1% agar) before pouring it into LB agar. The double 

layer agar was incubated at 37 °C for 24 h. Phage was 

purified by taking a single clear plaque then it was treated 

by double layer plaque technique (Carey et al. 2006). 

Purified phage was stored at 4°C in a sterile tube contained 

phosphate buffer saline (PBS) pH 7.4 as stock solution. 

Quantification of phage 

Purified phage stock was diluted serially from 10-1 up to 

10-8 in PBS pH 7.4, then it was overlaid with soft agar (1% 

agar) as the upper layer on LB agar. The plaque presence 

on a double layer agar with a number between 30-300 was 

enumerated as plaque forming units per milliliter 

(PFU/mL) (Carey et al. 2006). 

Phage morphological observation by transmission 

electron microscope 

Phage morphology was observed by using a 

transmission electron microscope JEM-1010 (JEOL, 

Tokyo, Japan), which was operated in 80 kV within 

80,000 magnification in negative staining. 

Analysis of protein molecule weight 

The molecular weight of phage protein was analyzed by 

Sodium Dodecyl Sulphate-PolyAcrilamide Gel 

Electrophoresis (SDS-PAGE) (Laemmli 1970). Marker 

used in SDS-PAGE was 3-color broad range protein 

marker (SMOBIO, Hsinchu City, Taiwan) with variations 

of molecular weight (~5, 10, 15, 20, 25, 35, 45, 60, 72, 100, 

140, 180 and 245 kDa). Separating gel with 10% 

polyacrylamide was allowed in order to make it solid as the 

bottom layer and the collecting gel with 4% 

polyacrylamide added as the top layer. Each phage sample 

and marker were mixed into sample buffer (4:1) then it was 

incubated for 24 h. The solution was boiled for 5 minutes 

before, 60 μL of it was loaded on SDS-PAGE wells. The 

electrophoresis process was operated in 25 mA and 70 V 

for 2.5 h and stopped when the sample dye reached at 0.5 

cm from the end part of the gel. Gel was taken from glass 

and visualized by silver staining (Sigma-Aldrich, St. Louis, 

USA). 

Phage effectivity in lysing bacterial population in vitro 

The effectiveness of phage to lyse UPEC cells was 

analyzed by modified method (Budiarti et al. 2011). About 

100 μL of UPEC cultures (OD600nm=1) was infected by 100 

μL purified phage solution, which then called as treated 

culture. The growth of 100 μL of UPEC culture without 

phage treatment was used as control. Both of controlled 

culture and treated culture were incubated in LB at 37 °C, 

then the UPEC population were monitored in serial time of 

incubation (0, 5, 10, 15, 20, 25 hours) by plating on LB 

agar. Plates were incubated at 37 ºC for 24 h.  

RESULTS AND DISCUSSION 

Host-bacterial isolate characteristic  

The morphology and physiology of host bacteria 

(UPEC) was very similar to the characterization of E. coli 

(Table 1). UPEC could grow in selective and differential 

EMBA and result in purple blackish with green sheen 

colonies. UPEC produced β-hemolysin toxin which was 

able to lyse the erythrocyte contained on media, then 
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forming clear zone around the bacterial colony. Some tests 

of antimicrobial susceptibility showed that UPEC was 

resistant for some tested antibiotics such as ampicillin, 

chloramphenicol, ciprofloxacin, clindamycin, and 

cotrimoxazole, but it proved an intermediate effect to 

doxycycline (Table 2).  

Lytic phage diversity based on plaque formation 

Two selected plaques formed in double layer agar and 

then they were further mentioned as FU1 and FU3 (Figure 

1). Phage capabilities and rate to replicate (lysis time) by 

FU1 and FU3 in bacterial cells were not too varied 

although they showed difference in plaque size. FU3 

plaque was larger than FU1 plaque, namely 1.5 mm and 1 

mm, respectively in 24 h incubation. Serial dilution test of 

purified phage stock showed that FU3 had a higher 

quantity than FU1, namely 1.4  107 PFU/mL and 1.6  107 

PFU/mL, respectively. 

Phage morphological characteristics 

The morphological observation of FU3 phage using a 

transmission electron microscope showed FU1 and FU3 

phage consists of icosahedral capsid (47.2 and 40) nm and 

very short non-contractile tail (12.5 and 20) nm, 

respectively (Figure 2). These characteristics had similarity 

with the members of Podoviridae family of Caudovirales 

order. 

Molecule weight of phage protein 

The protein molecule weight of FU1 and FU3 was 

measured using SDS-PAGE 10%. The comparison between 

marker band and sample band showed that FU1 and FU3 

protein contained molecular weight ranges from 10-76 kDa 

and 8-120 kDa, respectively (Figure 3). 
 

Table 1. The biochemical properties and characteristic of the 

isolate determined as UPEC 

 

Kind of test Result 

Gram staining Gram-negative, 

rod-shaped  

Fermentation / oxidation (lactose)  Positive 

Indol production Positive 

Citrate utilization Negative 

Methyl red (mix acid fermentation)  Positive 

Voges Proskauer (fermentation of butanediol) Negative 

 

 

Table 2. UPEC antibiotic sensitivity pattern 

 

Antibiotic 

Disk 

content 

(μg/mL) 

* 

Interpretation of 

zone diameter 

(nm)* 

Mean of 

zone 

diameter 

(nm) 

Note 

S I R 

Ampicillin 10 >17 14-16 <13 0 R 

Chloramphenicol 30 >18 13-17 <12 0 R 

Ciprofloxacin 5 >21 16-20 <15 0 R 

Clindamycin 30 >15 12-14 <11 10.7 R 

Doxycycline 30 >14 11-13 <10 12.5 I 

Cotrimoxazole 23.75 >16 11-15 <10 0 R 

Note: *(CLSI 2016). S: sensitive, R: resistant, I: intermediate 

Phage effectiveness to lyse host bacteria cells in vitro 

The ability of FU3 phage in lysing host bacteria cells 

was very effective in decreasing UPEC population. The 

effectiveness of FU3 in multiplicity of infection value 0.9 

between phages (1.6  107 PFU/mL) and UPEC (1.7  107 

CFU/mL) was able to reduce UPEC population become 

lower than infected limitation value (< 105 CFU/mL) in 

only 25 h incubation (Figure 4). 

 

 

 

 
 

Figure 1. UPEC culture in double layer agar which was incubated 

at 37oC for 24 h: A. Without phage infection; B. With phage 

infection that resulted in various plaque size: FU1 (i), FU3 (ii) 

 

 

 

 

Figure 3. Protein molecule weight ranges in 10% concentration of 

SDS-PAGE: 1. Marker (SMOBIO PM 2700); 2. FU3: 120 kDa 

(i), 99 kDa (ii), 74 kDa (iii), 54 kDa (iv), 36 kDa (v), 11 kDa (vi), 

8 kDa (vii); 3. FU1: 76 kDa (viii), 60 kDa (ix), 52 kDa (x), 37 

kDa (xi), 32 kDa (xii), 30 kDa (xiii), 28 kDa (xiv), 13 kDa (xv), 

11 kDa (xvi), 10 kDa (xvii) 
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Figure 2. TEM image with negative staining by 2% uranyl acetate in magnification of 80000: A. FU1 phage, B. FU3 phage 

 

  

 

 

 
 

 

Figure 4. Growth pattern of UPEC; control ( ), treatment by 

FU3 infection ( )  
 

Discussion 

Uropathogenic E. coli (UPEC) is the predominant 

antibiotic resistant-bacteria infected urinary tract (Kirecci 

et al. 2015). Escherichia coli belongs to the 

Enterobacteriaceae group which is known as one of human 

microbiome. In this study, the bacterial isolate has been 

reconfirmed and showed very identical with E. coli such as 

Gram-negative, lactose and mixed acid fermentor bacteria 

and it is able to produce tryptophanase (TnaA) to catalyze 

indole group of tryptophan. E. coli has these characteristics 

which differentiate it from other Gram-negative bacteria 

(Welch 2006). This bacterium could produce hemolysin 

toxin as its virulent factor which makes pathogenic E. coli 

different to the unpathogenic one. Haemolysin in vivo 

could take iron from red blood cell, damage phagocyte and 

it was a toxin for host tissue (Vandenesch et al. 2012). 

Therefore, UPEC population become one of the most 

dangerous bacteria that must be controlled.  

Interestingly, from antimicrobial resistance test in vitro 

gives information that this UPEC has been resistant to five 

antibiotics in a different mechanism of action (ampicillin, 

chloramphenicol, ciprofloxacin, clindamycin, 

A 

B 
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cotrimoxazole). These antibiotics are commonly applied to 

UTI patients (Jancel and Dudas 2002). Based on the data 

from all WHO regions, E. coli that cause urinary tract 

infections have a very high rate of resistance (WHO 2014). 

Consequently, an alternative agent is very needed for 

controlling multidrug-resistant UPEC, for example, is by 

utilizing lytic phage.  

Lytic phage specific to UPEC could be isolated by 

adding water sample from Cisadane river to the broth 

media contained UPEC host. This method aimed to 

facilitate the lytic phage contained in the water sample to 

reproduce inside its compatible host (UPEC) then it 

increased the quantity of new mature lytic phages. The 

presence of lytic phages was determined by the formation 

of a clear zone (plaque) in double layer agar media. The 

plaque size was in accordance to replication time of the 

phage and it affected to the phage quantity (Gallet et al. 

2011). The lytic bacteria cell was caused by the destruction 

of β-1.4-glycosidic bond between N-acetyl glucosamine 

and N-acetyl muramic acid of peptidoglycan which was 

supported by the holin-lysine protein produced by lytic 

phage (Daniel et al. 2007). Lysed bacteria cells caused 

bacteria death so that lytic phage can be used as an 

alternative agent for killing UPEC population. High UPEC 

phage concentration in Cisadane river may indicate this 

river has been contaminated by UPEC so it will risk using 

this water directly before any sterilizing process. 

Phage diversity based on the morphological 

characteristic can be observed using TEM with negative 

staining to give a contrast image between sample and dark 

background (Nugroho et al. 2016). Morphological 

characteristics can be used to classify a phage into a family 

based on the group members’ similarities. Actually, tailed 

phages vary in size of tail length and head diameter, 

namely 10-800 nm for tail length and 30-160 nm for head 

diameter (Ackermann 2009). The tail length of FU1 and 

FU3 which was less than 40 nm becomes one of the 

parameters for grouping the phage into family Podoviridae 

(Jurczak-Kurek et al. 2016).  

The unique information, although both FU1 and FU3 

were indicated in the same family, they showed different 

based on the characteristic of the protein molecule weight. 

The variation of protein molecular weight of FU1 (10-76 

kDa) and FU3 (8-120 kDa). These different ranges were 

still similar with protein molecular weight of T7-like phage 

protein which composed of at least 9 proteins from 13-150 

kDa with a major capsid protein at 38 kDa (ICTV 2015). 

In addition, our study chose FU3 phage to represent test 

about its capability to reduce UPEC population in vitro. 

FU3 phage was chosen because it showed bigger plaque 

size formation than FU1 phage at the same duration of 

incubation, moreover, their phage concentrations were not 

too different. Phage FU3 had given a great contribution in 

decreasing UPEC population since the first five hours' 

incubation (96.16%) but the line graph still showed a slight 

increased. This was caused by some bacteria that had not 

been infected by lytic phage still able to grow normally. 

They were presumed to have low latent time and slow 

introduction rate of FU3 phage to host receptors, so that the 

infection process was delayed. Another assumption is the 

host population was less dense so that the chance of phage 

receptors to stick to the host receptors become smaller.  

The ability of lytic phage to infect and lyse a host cell 

were greatly varied (28.3-63.0 minutes) (Wang 2006). 

Physical and chemical factors such as temperature, pH, 

salinity, and ions also affected the effectiveness of phage 

infection (Jonczyck et al. 2011). However, the effectiveness 

of lytic phage (FU3) in 25 h incubation was able to 

decrease UPEC population become 104 CFU/mL (Figure 

4). This value has been lower for tolerance limits of 

bacteria present in healthy urine because one of the 

characteristics of urine from patient which were indicated 

as UTI, namely the bacterial concentration in urine was 

clinically enumerated > 105 CFU/mL and 10 

leukocytes/mm3 (Pappas 1991). The in vitro FU3 

effectivity may give more yield promising result in further 

research to be developed become an alternative agent in 

controlling UPEC population in urinary tract or in other 

UPEC-contaminated environments such as in water river.  

This manuscript becomes the first information about the 

UPEC lytic phage diversity in Indonesia, especially from 

Cisadane River. Two phages (FU1 and FU3) chosen from 

all plaque formations had different figure observed by 

TEM and also showed different morphology size and 

protein molecule weight. Interestingly, both of these lytic 

phages were still belonging to the same family and having 

capability to lyse the same host, namely UPEC. The 

abundance and densities of bacteriophages proposed as 

bacterial host indicators in the river waters (Lucena et al. 

2003). 
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Abstract. Safitri A, Herlinda S, Setiawan A. 2018. Entomopathogenic fungi of soils of freshwater swamps, tidal lowlands, peatlands, 

and highlands of South Sumatra, Indonesia. Biodiversitas 19: 2365-2373. Ecosystems of lowlands and highlands in South Sumatra have 

specific characteristics of soils and vegetations that can affect the availability of entomopathogenic fungi. This study aimed to explore 

and identify species and to determine inoculum potentials of the entomopathogenic fungi from soils of freshwater swamps, tidal 

lowlands, peatlands, and highlands. Baiting of entomopathogenic fungi on soil samples used the larvae of Tenebrio molitor. The 

entomopathogenic fungi species found in this research were Beauveria bassiana and Metarhizium anisopliae. The number of the fungal 

isolates were 30 isolates consisting of nine isolates of B. bassiana and 21 isolates of M. anisopliae.The highest number of isolates was 

found in the highland ecosystem (11 isolates) and the lowest was found in peatland ecosystem (4 isolates). The highest percentage 

average of inoculum potentials of the fungi was found in the high land ecosystem (4.04%) and the lowest one was found in freshwater 

swamps ecosystem (2.11%). Based on the vegetation type, the soil planted with mustard in Talang Patai-Pagaralam (highland 

ecosystem) had the highest inoculum potentials (9.33%). These fungi will make an important contribution to the biological control for 

insect pests in lowland to highland ecosystems in Indonesia. 

Keywords: Beauveria bassiana, lowlands, Metarhizium anisopliae, peat soils, wetlands 

INTRODUCTION 

Many parts of lowlands and highlands of Indonesia are 

used for agriculture. Lowlands consisting of freshwater 

swamps, tidal lowlands, and peatlands are the ecosystems 

having water saturated condition for the whole year 

(Sudana 2005). The lowland ecosystems for agricultural 

purposes in Indonesia are distributed in Sumatra, 

Kalimantan, and Papua Islands covering 11 million ha of 

tidal lowlands, comprising 9.2 million ha of freshwater 

swamps, and 14.9 million ha of peatlands, respectively 

(Mulyani and Sarwani 2013). While the highland 

ecosystems managed for agriculture with the area of 16.15 

million ha are distributed all over Indonesia islands (Center 

for Agriculture Data and Information System, Secretariat 

General 2017).  

Soils between lowlands and highlands in Indonesia have 

different characteristics, especially in the moisture, texture, 

and acidity (pH).  The specific characteristics of lowland 

and highland soils at the four typologies of ecosystems 

consist of the freshwater swamp, tidal lowlands, peatlands, 

and highland closely related to specific cultivated 

vegetations or crops. Paddy usually is cultivated at 

freshwater swamps (Herlinda et al. 2018; Lakitan et al. 

2018a; Lakitan et al. 2018b). There is only a small part of 

soils in peatlands that can be cultivated with seasonal crops 

and most peatlands in Indonesia are utilized for forestry and 

conservation areas (Suriadikarta and Sutriadi 2007). 

Highlands area usually planted with various types of 

seasonal and annual crops. Specific vegetation or crop 

plants could affect the soil microorganisms associated with 

plant and crop roots (El-Ghany 2015). 

Microorganisms such as fungi are found in freshwater 

swamps and highlands of South Sumatra and can be used to 

control insect pest called entomopathogenic fungi such as 

Beauveria bassiana and Metarhizium anisopliae (Herlinda et 

al. 2008; 2010). The entomopathogenic fungi are proven to 

be an effective agent to control some insect pests (Chinniah 

et al. 2016), and they are not harmful toward natural 

enemies of insect pests (Gholamzadeh-Chitgar et al. 2017). 

However, there is no complete information for fungi of tidal 

lowlands and peatlands in that region. B. bassiana and M. 

anisopliae were found to kill insect pests such as 

Crocidolomia pavonana (Hasyim et al. 2009), Aphis 

gossypii (Herlinda 2010), Plutella xylostella (Loc and Chi 

2007), Lygus spp. (Leland et al. 2005), and Oryctes 

rhinoceros (Moslim et al. 2009). Entomopathogen, such as 

entomopathogenic fungi can be explored in soils (El-Ghany 

2015). Certain entomopathogen species have adaptation 

capability in certain soils (Bugeme et al. 2008). 

Entomopathogen already adapted in freshwater swamp soils 

or highland soils generally has the specific advantage, i.e., it 

can adapt more effectively in this soil environment (Erler 

and Ates 2015). Exploration of entomopathogen starting 
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from lowland to highland ecosystems will produce the high 

variation of species and genetics that can be utilized in the 

extended area and specific location. The purposes of this 

study were to explore and identify species and to determine 

inoculum potentials of the entomopathogenic fungi of soils 

of freshwater swamps, tidal lowlands, peatlands, and 

highlands in South Sumatra. 

MATERIALS AND METHODS 

Study area  

Soil sampling was carried out in December 2017. The 

study sites were selected in the agricultural center with 

specific typology ecosystems in some locations of South 

Sumatra (Figure 1 and Table 1). The sites consisted of 

freshwater swamps, tidal lowlands, peatlands, and highlands. 

Those ecosystems chosen for explorations of 

entomopathogenic fungi aimed to obtain the fungi adapting 

in lowland and highland soils. The selected freshwater 

swamp locations were in Gandus and Musi Subdistricts of 

Palembang City; Rambutan Subdistrict of Banyuasin 

District, and Pemulutan Subdistrict of Ogan Ilir District. 

The selected locations of tidal lowlands were Mulya Sari, 

Telang Sari, Muara Sungsang Subdistricts of Banyuasin 

District. The selected peatland locations were in Talang 

Dabok, Sepucuk, and Kedaton Subdistricts of Ogan 

Komering Ilir District. The selected highland locations 

were in Lematang, Tanjung Payang, and Pulau Pinang of 

Lahat District, and Rimau and Talang Patai of Pagaralam 

City. 

Fungal isolation, purification, and identification were 

conducted from January to March 2018 in the Laboratory 

of Entomology, Department of Plant Pest and Disease, 

College of Agriculture, Sriwijaya University, Indonesia. 

Supporting data were recorded in terms of soil sampling 

period, village or city names, coordinate points, and 

vegetation types or crop plants for each exploration 

locations (Figure 1 and Table 1). The pH of soil samples 

was measured by using a method of Kartika et al. (2018). 

In this survey, the application of pesticides in the sampling 

locations was also monitored. 

 

Procedures 

Observation of inoculum potentials of entomopathogenic 

fungi in the soil 

Inoculum potential observation of the 

entomopathogenic fungi in this research was conducted by 

exploration of fungi in soils of the freshwater swamps, tidal 

lowlands, peatlands, and highlands. Entomopathogenic 

fungi exploration was carried out by modifying the 

methods of Anwar et al. (2015), i.e., using newly-moulting-

third instar of Tenebrio molitor (Yellow mealworm beetle) 

as insect bait (Tenebrio bait method) which was infested on 

fungal inoculum of soil samples.  

The soil samples were collected from some crop fields 

in the sampling locations (Table 1). Soils were taken from 

each location at the diagonal position. Soil samples of 5000 

g were obtained by digging soil at the depth of 5-15 cm in 

the vicinity of crop roots, and then they were put into the 

plastic pouch and labeled with the information of period of 

the sampling and crop plants. 

 

 

 

 

 

 

 

 
 

Figure 1. Locations of exploration for entomopathogenic fungi of soils in ecosystems of South Sumatra, Indonesia: point 1 = tidal 

lowlands (S 02°40.866’ E 104°44.298’), point 2 = freshwater swamps (S 03°02.581' E 104°51.231'), point 3= peatlands (S 03°24.840’ E 

104°53.362’), and point 4 = highlands (S 03°48.063’ E 103°32.072’ and S 03°50.174’ E 103°31.293’) 
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Table 1. Locations of exploration for entomopathogenic fungi in South Sumatra, Indonesia 

 

Ecosystems  Village or city Vegetation or crop plants Height from sea level (m) 

Freshwater 

swamps 

Rambutan, Banyuasin Paddy 15 

Gandus, Palembang Paddy 12 

Musi Dua, Palembang Paddy 16.67 

Pemulutan, Ogan Ilir Paddy 22 

Tidal lowlands Mulya Sari, Banyuasin Corn, paddy, watermelon 16.33 

Telang Sari, Banyuasin Corn, coconut, corn + coconut 18.33 

Muara Sungsang, Banyuasin Coconut, banana, pineapple 15 

Peatlands Talang Dabok, Ogan Komering Ilir Palm, rubber, pineapple 24 

Sepucuk, Ogan Komering Ilir Oil palm, rubber, pineapple 23 

Kedaton, Ogan Komering Ilir Oil palm  19.67 

Highlands Talang Patai, Pagaralam Cabbage 170 

Pulau Pinang, Lahat Rubber + coffee 161 

Tanjung Payang, Lahat Rubber 121 

Lematang, Lahat Paddy 121.3 

Rimau, Pagaralam Tea 1,326 

 

 

 

 

Previously, soil samples were sieved by using 5-mesh 

siever to separate them from crop roots. Then, samples 

were put into plastic tray (size of 32 cm x 25 cm x 5 cm) 

and yielded 1000 g of finer soil sample. The finer soil 

samples were subsequently moisted with sterile aquadest 

until they obtained the soil moisture of 80-90% using the 

method of Chen et al. (2014). The number of larvae used 

per sampling location was 150 larvae (5 plastic trays each 

containing 30 larvae) (Table 1), so the total larvae per 

ecosystem type was as follows: in the freshwater swamps it 

was 1,800 (150 larvae x 12 sampling locations), in tidal 

lowlands it was 1,350 (150 larvae x 9 sampling locations), 

in peatlands it was 1,350 (150 larvae x 9 sampling 

locations), and in highlands it was 2,250 (150 larvae x 15 

sampling locations).  

The larvae were sterilized with 70% alcohol, and put on 

soil-sample surface in a plastic tray. The body of larvae 

was sprinkled using soil sample of about 5 mm thick. 

Subsequently, the plastic trays containing soil samples 

were covered with black cloth and sprayed with sterile 

aquadest to maintain humidity of soil samples. The larvae 

were incubated within soil sample for seven days to 

provide enough time for entomopathogenic fungi to infect 

them. Then, the dead larvae infected by the 

entomopathogenic fungi were recorded daily to determine 

inolum potential. The inoculum potentials of 

entomopathogenic fungi in this research were measured 

according to the percentage of infected Tenebrio bait or 

hosts (Hofgaard et al. 2016). The inoculum potential (IP) 

was calculated using the equation below:   

 

 
 

ib was the number of infected Tenebrio bait, and tb was 

the total number of Tenebrio baits.  

Entomopathogen isolation 

The dead Tenebrio baits were subsequently isolated and 

purified by using the methods of Herlinda (2010). 

Entomopathogenic fungi infecting and growing on 

integument of Tenebrio bait were isolated and grown on 

medium of Sabouraud Dextrose Agar (SDA, Merck). The 

integument surface of larvae infected by the 

entomopathogenic fungi was previously sterilized using the 

modified method of Nuraini et al. (2017) with 1% natrium 

hypochlorite for 3 minutes and subsequently was rinsed 

three times with sterile aquadest and air dried on sterile 

filter paper. The larvae were put into a Petri dish containing 

sterile humid tissue paper and then incubated in order to 

stimulate the growth of entomopathogenic fungi. Conidia 

of entomopathogenic fungi emerging from the dead larvae 

body were taken by using sterile ose needle and moved into 

a Petri dish containing SDA medium, and incubated for 

seven days at the constant temperature of 25 oC within the 

incubator.  

Identification of Entomopathogen Fungi 

The purified fungi were identified according to 

macroscopic and microscopic characteristics using the 

method of  Guilherme et al. (2015). Fungi growing on SDA 

medium with the area of 1 cm2 were taken by using ose 

needle and put into preparations containing SDA medium, 

incubated for three days and then microscopically 

observed. Furthermore, fungi were identified by using 

books of Humber (2005) and El-Ghany (2015). 

Data analysis  

Data on inoculum potentials based on percentage of 

Tenebrio bait which was infected by the entomopathogenic 

fungi among the treatments were analyzed descriptively. 

RESULTS AND DISCUSSION 

Insect characteristics infected by entomopathogenic fungi 

The fungi obtained in this study were identified as B. 

bassiana and M. anisopliae. There were only 30 isolates 

found from these two fungal species (Table 2). These 30 

isolates were isolated from 223 infected larvae of Tenebrio 
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bait by the entomopathogenic fungi (Table 3-7); however a 

lot of larvae were failed to be isolated due to contamination 

mostly by aerial fungi and Trichoderma spp. These 30 

isolates consisted of nine isolates of B. bassiana and 21 

isolates of M. anisopliae. 

Tenebrio bait infected by the entomopathogenic fungi 

showed macroscopic and microscopic characteristics or 

symptoms that could be used to confirm the determination 

of the entomopathogenic fungal species. Sick or dead 

Tenebrio bait infected by B. bassiana showed symptoms as 

follows: insect body was dry and wrinkle, its outer 

integument was coated by white mycelia similar to silk, 

rigid, easily broken and no smell (Figure 2). The Tenebrio 

bait attacked by M. anisopliae showed symptoms as 

follows: dry and wrinkle, no smell, brittle and easily 

broken, but its outer integument was coated by mycelia 

having greenish white to dark green or dark color (Figure 

3).  

The pure isolate was obtained from dead Tenebrio bait 

body which was attacked by entomopathogenic fungi with 

colony characteristics for each species as follows; colony 

of B. bassiana had the white color similar to cotton, but 

gradually its color changed into yellowish white as fungi 

become older. Colony of M. anisopliae initially had white 

color similar to color of B. bassiana, but the color changed 

into greenish and dark green or dark as fungi become older 

(Figure 4). Conidia of B. bassiana and M. anisopliae with 

specific characteristics were obtained from each colony 

species of entomopathogenic fungi. Conidia of B. bassiana 

has a single cell and a round shape, whereas conidia of M. 

anisopliae also has a single cell but with a cylindrical shape 

(Figure 5). Mycelia of B. bassiana and M. anisopliae 

insulate with upright, branches, and layers of 

conidiophores. 

 

Inoculum potentials of entomopathogenic fungi in the 

soil of South Sumatra 

Inoculum potentials of entomopathogenic fungi in this 

research were measured according to the percentage of 

infected Tenebrio bait. The inoculum potentials of 

entomopathogens fungi derived from the freshwater swamp 

soil, tidal lowlands, peat soils, and high land each was 

different among the survey locations (Tables 3-6). The 

value of inoculum potential in soil of freshwater swamps, 

tidal lowlands, peatlands and high lands were in the range 

of 0.67-3.33%, 2.67-7.33%, 0-4%, and 1.33-9.33%, 

respectively.  

From the freshwater swamp soils, we only could obtain 

five isolates of the entomopathogenic fungi isolated from 

35 infected tenebrio baits (Table 3). A lot of the infected 

Tenebrio baits were failed to be isolated due to the 

contamination by other fungi. The inoculum potentials of 

the entomopathogenic fungi from the tidal lowlands gained 

were only 10 isolates (Table 4). The peat soils in sepucuk, 

Ogan Komering Ilir were planted with rubber had higher 

inoculum potentials (Table 5). The highland soils in Talang 

Patai, Pagaralam were planted with mustard also had 

higher inoculum potential (Table 6). The highest 

percentage of inoculum potentials of the fungi was found in 

the highland ecosystem and the lowest one was found in 

the freshwater swamp ecosystem. However, the highest 

number of isolates was found in highland ecosystem (11 

isolates) and the lowest one found in peatland ecosystem (4 

isolates) (Table 7). 
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Figure 2. Tenebrio bait infected by Beauveria bassiana (A) and 

healthy Tenebrio (B) 
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Figure 3. Tenebrio bait infected by Metarhizium anisopliae (A) 

and healthy Tenebrio (B) 
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Figure 4. Colony of Beauveria bassiana (A) and Metarhizium 

anisopliae (B)  
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Figure 5. Conidia of Beauveria bassiana (A) and Metarhizium 

anisopliae (B) (400x magnification) 
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Table 2. Species and isolates of entomopathogenic fungi found in South Sumatra, Indonesia  

 

Ecosystems Species of fungi Number of isolate Vegetation or crop plants Village or city 

     

Freshwater swamps M. anisopliae 3 Paddy Rambutan 

Freshwater swamps M. anisopliae 1 Paddy Pemulutan 

Freshwater swamps B. bassiana 1 Paddy Rambutan 

Tidal lowlands M. anisopliae 1 Corn + coconut Telang Sari 

Tidal lowlands M. anisopliae 2 Corn Telang Sari 

Tidal lowlands M. anisopliae 2 Corn Mulya Sari 

Tidal lowlands M. anisopliae 3 Paddy Mulya Sari 

Tidal lowlands B. bassiana 1 Corn Telang Sari 

Tidal lowlands B bassiana 1 Watermelon Mulya Sari 

Peatlands B bassiana 4 Oil palm Talang Dabok 

Highlands M. anisopliae 1 Rubber + coffee Pulau Pinang 

Highlands M. anisopliae 4 Cabbage Talang Patai 

Highlands M anisopliae 4 Mustard Talang Patai 

Highlands B. bassiana 1 Rubber + coffee Pulau Pinang 

Highlands B. bassiana 1 Cabbage Talang Patai 

     

 

 

 

 

Table 3. Inoculum potentials of entomopathogenic fungi in the freshwater swamp soils of South Sumatra, Indonesia 

 

Village or city 

Vegetation 

or crop 

species 

GPS (coordinat) 

Inoculum potentials (%) 

Number of 

isolate 
B. bassiana M. anisoplia 

Fungi 

(total) 

       

Rambutan, Banyuasin Paddy S 03°02.581', E 104°51.231' 0 0.00 (0) 0.67 (1) 0.67 (1) 

Rambutan, Banyuasin Paddy S 03°02.591', E 104°51.217' 2 0.67 (1) 2.00 (3) 2.67 (4) 

Rambutan, Banyuasin Paddy S 03°02.586', E 104°51.201' 2 0.67 (1) 0.67 (1) 1.33 (2) 

Gandus,Palembang Paddy S 03°00.401', E 104°42.380' 0 1.33 (2) 2.00 (3) 3.33 (5) 

Gandus, Palembang Paddy S 03°00.632', E 104°42.532' 0 0.67 (1) 0.67 (1) 1.33 (2) 

Gandus,Palembang Paddy S 03°00.632', E 104°42.801' 0 1.33 (2) 1.33 (2) 2.67 (4) 

Musi Dua, Palembang Paddy S 03°02.120', E 104°43.021' 0 0.67 (1) 1.33 (2) 2.00 (3) 

MusiDua, Palembang Paddy S 03°02.150', E 104°43.612' 0 1.33 (2) 2.00 (3) 3.33 (5) 

Musi Dua, Palembang Paddy S 03°02.510', E 104°43.120' 0 1.33 (2) 1.33 (2) 2.67 (4) 

Pemulutan, Ogan Ilir  Paddy S 03°03.148', E 104°46.230' 0 0.67 (1) 0.67 (1) 1.33 (2) 

Pemulutan, Ogan Ilir Paddy S 03°03.115', E 104°46.218' 0 0.67 (1) 0.67 (1) 1.33 (2) 

Pemulutan, Ogan Ilir Paddy S 03°03.113', E 104°46.201' 1 1.33 (2) 1.33 (2) 2.67 (4) 

       

 

 

 

 

Table 4. Inoculum potentials of entomopathogenic fungi in the tidal lowland soils of South Sumatra, Indonesia 

 

Village or city 
Vegetation or 

crop species 
GPS (coordinat) 

Inoculum potentials (%) 

Number of 

isolate 
B. bassiana M. anisoplia 

Fungi 

(total) 

       

Mulya Sari, Banyuasin Corn S 02°40.866’, E 104°44.298’ 2 1.33 (2) 2.67 (4) 4.00 (6) 

Mulya Sari, Banyuasin Paddy S 02°40.944’, E 104°44.621’ 3 1.33 (2) 2.00 (3) 3.33 (5) 

Mulya Sari, Banyuasin Watermelon S 02°40.896’, E 104°44.676’ 1 1.33(2) 2.00 (3) 3.33 (5) 

Telang Sari, Banyuasin Corn S 02°38.842’, E 104°45.369’ 2 1.33 (2) 2.67 (4) 4.00 (6) 

Telang Sari, Banyuasin Coconut S 02°38.813’, E 104°45.801’ 1 0.67 (1) 1.33 (2) 2.00 (3) 

Telang Sari, Banyuasin Corn + coconut S 02°38.875’, E 104°44.495’ 1 2.00 (3) 5.33 (8) 7.33 (11) 

Muara Sungsang, Banyuasin Coconut S 02°21.736’, E 104°50.635’ 0 1.33 (2) 4.00 (6) 5.33 (8) 

Muara Sungsang, Banyuasin Banana S 02°21.823’, E 104°50.632’ 0 0.67 (1) 2.00 (3) 2.67 (4) 

Muara Sungsang Pineapple S 02°22.542’, E 104°50.324’ 0 0.67 (1) 2.00 (3) 2.67 (4) 
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Table 5. Inoculum potentials of entomopathogenic fungi in the peatland soils of South Sumatra, Indonesia 

 

Village or city 

Vegetation 

or crop 

plants 

GPS (coordinat) 

Inoculum potentials (%) 

Number of 

isolate 
B. bassiana 

M. 

anisoplia 

Fungi 

(Total) 

Talang Dabok, Ogan Komering Ilir Oil palm S 03°23.570’, E 104°51.498’ 4 3.33 (5) 1.33 (2) 4.67 (7) 

Talang Dabok, Ogan Komering Ilir Rubber S 03°25.673’, E 104°53.258’ 0 2.67 (4) 1.33 (2) 4.00 (6) 

Talang Dabok, Ogan Komering Ilir Pineapple S 03°25.280’, E 104°52.940’ 0 2.00 (3) 0.67 (1) 2.67 (4) 

Sepucuk, Ogan Komering Ilir Oil palm S 03°24.840’, E 104°53.362’ 0 2.00 (3) 1.33 (2) 3.33 (5) 

Sepucuk, Ogan Komering Ilir Rubber S 03°23.715’, E 104°52.275’ 0 3.33 (5) 2.00 (3) 5.33 (8) 

Sepucuk, Ogan Komering Ilir Pineapple S 03°23.535’, E 104°51.780’ 0 1.33 (2) 1.33 (2) 2.67 (4) 

Kedaton, Ogan Komering Ilir Oil palm S 03°23.308’, E 104°51.487’ 0 1.33 (2) 2.00 (3) 3.33 (5) 

Kedaton, Ogan Komering Ilir Oil palm S 03°23.277’, E 104°51.398’ 0 1.33 (2) 0.67 (1) 2.00 (3) 

Kedaton, Ogan Komering Ilir Oil palm S 03°23.204’, E 104°51.459’ 0 1.33 (2) 0.67 (1) 2.00 (3) 

 

 

 

Table 6. Inoculum potentials of entomopathogenic fungi in the highland soils of South Sumatra, Indonesia 

 

Village or city 
Vegetation or crop 

plants 
GPS (coordinat) 

Inoculum potentials (%) 

Number of 

isolate 

B. 

bassiana 
M. anisoplia 

Fungi 

(total) 

Pulau Pinang, Lahat Rubber + coffee (A) S 03°48.819’, E 103°32.677’ 2 1.33 (2) 1.33 (2) 2.67 (4) 

Pulau Pinang, Lahat Rubber + coffee (B) S 03°48.852’, E 103°32.698’ 0 1.33 (2) 2.00 (3) 3.33 (5) 

Pulau Pinang, Lahat Rubber + coffee (C) S 03°48.883’, E 103°32.688’ 0 0.67 (1) 0.67 (1) 1.33 (2) 

Tanjung Payang, Lahat Rubber (A) S 03°48.094’, E 103°32.145’ 0 0.67 (1) 1.33 (2) 2.00 (3) 

Tanjung Payang, Lahat Rubber (B) S 03°48.122’, E 103°32.162’ 0 3.33 (5) 2.67 (4) 6.00 (9) 

Tanjung Payang, Lahat Rubber (C) S 03°48.177’, E 103°32.166’ 0 2.00 (3) 2.67 (4) 4.67 (7) 

Lematang, Lahat  Paddy S 03°48.063’, E 103°32.072’ 0 0.67 (1) 1.33 (2) 2.00 (3) 

Lematang, Lahat Paddy S 03°48.051’, E 103°32.069’ 0 3.33 (5) 4.00 (6) 7.33 (11) 

Lematang, Lahat Paddy S 03°48.020’, E 103°32.064’ 0 1.33 (2) 1.33 (2) 2.67 (4) 

Talang Patai, Pagaralam Cabbage S 03°50.180’, E 103°31.325’ 2 4.00 (6) 4.67 (7) 8.67 (13) 

Talang Patai, Pagaralam Cabbage S 03°50.174’, E 103°31.313’ 3 0.67 (1) 1.33 (2) 2.00 (3) 

Talang Patai, Pagaralam Mustard S 03°50.174’, E 103°31.293’ 4 4.67 (7) 4.67 (7) 9.33 (14) 

Rimau, Pagaralam Tea S 04°02.161’, E 103°10.484’ 0 2.00 (3) 2.00 (3) 4.00 (6) 

Rimau, Pagaralam Tea S 04°02.144’, E 103°10.487’ 0 1.33(2) 1.33(2) 2.67 (4) 

Rimau, Pagaralam Tea S 04°02.136’, E 103°10.485’ 0 0.67 (1) 1.33(2) 2.00 (4) 

 

 

 

Table 7. Inoculum potentials of entomopathogenic fungi in the soil of South Sumatra, Indonesia 

 

Ecosystems 
Inoculum potentials (%) 

Number of isolate B. bassiana M. anisoplia Fungi (total) 

Freshwater Swamps 5 0.89 (16) 1.22 (22) 2.11 (38) 

Tidal Lowlands 10 1.18 (16) 2.67 (36) 3.85 (52) 

Peatlands 4 2.07 (28) 1.25 (17) 3.33 (45) 

Highlands 11 1.87 (42) 2.17 (49) 4.04 (91) 

 

 

 

 

Discussion 

Entomopathogenic species found in this research were 

B. bassiana and M. anisopliae. Macroscopic and 

microscopic characteristics of both entomopathogenic 

fungi found in this research matched with the previous 

studies. Humber (2005) stated that mycelia of B. bassiana 

appeared from exoskeleton of hosts insect, and covered all 

parts of the exterior surface of host integument, so that host 

body has white color, reverse pale to yellow colony, 

hyaline or colorless, single cell, and globular and conidia as 

well as insulate hypha. M. anisopliae causes integument 

which has colors of whitish green to dark green because its 

mycelia cover exoskeleton of hosts insect; it has green to 

yellow conidia, single cell and cylindrical conidia as well 

as insulate hypha (Driver et al. 2000; Humber 2005). 

Beauveria bassiana and M. anisopliae have parasitic 

and saprophytic phases during the killing process of their 

host insect (Augustyniuk-Kram and Kram 2012; El-Ghany 

2015). Parasitic phase starts viz, the fungal conidia attach 

to the host insect cuticle, and then the conidia germinate on 

the host cuticle (El-Ghany 2015). The fungal penetration 

into the insect cuticle can be performed in producing 
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specific infection hyphae originating at appressoria of the 

fungus (Fernandes et al. 2007; El-Ghany 2015). Gürlek et 

al. (2018) reported that both species could produce germ 

tubes growing over the surface of the insect cuticle until the 

tubes contacted weakness area of cuticle where penetration 

could easily be achieved. After the fungus successfully 

penetrated, then mycelia distributed into the hemolymph by 

the formation of blastospores (El-Ghany 2015). Finally, the 

host insect would die within four days of penetration 

(Gürlek et al. 2018). Saprophytic phase starts viz, the 

fungus grew mechanically in the dead insect body, 

retrieved nutrients from the insect body, and then the 

fungus produced toxins (El-Ghany 2015). 

The success of both fungi in conducting the process of 

parasitic and saprophytic phases was affected by several 

external factors such as moisture, pH, temperature, 

ultraviolet (UV) radiation, and vegetation (El-Ghany 2015). 

This research showed that highland soil planted with 

cabbage and mustard in Talang Patai, Pagaralam had more 

inoculum potentials of entomopathogenic fungi than other 

locations because cabbage and mustard were inhabited by 

insect pests dominated by Lepidoptera, such as Plutella 

xylostella, Crocidolomia binotalis, Spodoptera litura, and 

Chrysodeixis chalcites; while the larvae of Lepidoptera 

were the most suitable hosts for entomopathogenic fungi 

(Godonou et al. 2009; Nunilahwati et al. 2012). This study 

also found that a lot of infected larvae of the insect pests 

hung above of the mustard and cabbage canopy. The host 

insects attacked by entomopathogenic fungi on the cabbage 

canopy at highlands, South Sumatra were generally 

dominated by P. xylostella, S. litura, and C. chalcites. The 

symptoms of sick or infected insect larvae were dry and in 

the stiff condition, white or greenish white in color and 

attached on the upper surface of cabbage leaves. The 

infected larvae which showed the symptoms of dry and 

stiff condition as mummy and covered with white fungal 

mycelia was larvae attacked by B. bassiana, whereas larvae 

body covered by fungal mycelia having greenish white or 

dark green color was symptoms of larvae attacked by M. 

anisopliae. Symptoms of larvae attacked by B. bassiana 

and M. anisopliae in this research matched to the 

symptoms reported by El-Ghany (2015) and Mora et al. 

(2017).  

In this research, more inoculum potentials of the 

entomopathogenic fungi were found in the highlands and 

tidal lowlands than that in freshwater swamps and 

peatlands because it was affected by soil pH and moisture. 

Zhong et al. (2010) reported that soil pH had a more 

significant role in determining the existence of fungal 

propagules within soils than that of soil texture and organic 

matter. However, Inubushi et al. (2003) had stated that soil 

moisture is one of the most important controlling factors 

for biological reactions in the soil. Soil pH in this research 

was in the range of 4 to 4.5 in freshwater swamps, 4.3 to 5 

in tidal lowlands, 3.60 to 4 in peatlands, and 5 to 6.7 in 

highlands. Kodir and Juwita (2016) stated that the pH value 

of soil in freshwater swamps in Indonesia are in the ranges 

of 4 to 4.5, pH 4.17 to 5.35 in tidal lowlands (Marlina et al. 

2016), and 3.60 to 3.95 in peatlands (Utami et al. 2009), and 

5 to 6 in highlands (Supriadi et al. 2016). The variation of 

pH values of soils at each location could affect the 

adaptation capability of entomopathogenic fungi surviving 

(Bugeme et al. 2008). The conidial viability of 

entomopathogenic fungi, such as B. bassiana and M. 

anisopliae were affected by pH of in-vitro medium for 

entomopathogenic fungi. Rizkie et al. (2017) reported that 

high acidity (pH < 4) of in-vitro medium for fungus 

growing significantly decrease the conidial viability of B. 

bassiana and M. anisopliae. Therefore, inoculum potentials 

of the entomopathogenic fungi from peatland soil and 

freshwater swamp soil were lower than that from the soil in 

the tidal lowlands and highlands.  

In addition to soil pH and moisture, soil texture also 

determines the existence and distribution of fungal 

propagules. Soil texture has low clay content, and sandy 

soil texture tends to have the low capability in maintaining 

the existence of fungal propagules (El-Ghany 2015) as well 

as the water saturated soil (Garrido-Jurado et al. 2011). 

Soils from freshwater swamps and peatlands in South 

Sumatra had lower clay content and in water saturated 

condition (Marlina et al. 2016; Kartika et al. 2018). The 

low existence of fungal propagules finding at freshwater 

swamp and peatland soils was due to both factors. Soils in 

freshwater swamps are water saturated for more than 6 to 7 

months per year usually occurred from November to April 

(Herlinda et al. 2018) and soil moisture in the peatlands 

reach 500% (Maftu’ah and Susanti 2009).  

Peatlands have soil pore saturated with water all year 

long resulting in the anaerobic condition of the soil. Peat 

soil has no clay, sand, and silt content, but it has organic 

matter (Sudana 2005). The high organic matter finally can 

decrease the pH of the soil (Utami et al. 2009). Rizkie et al. 

(2017) confirmed that pH < 4 within medium in-vitro for 

growing fungi could decrease the ability to live of fungal 

propagules. In highland ecosystems, the portion of the soil 

texture among clay, sand, and silt fractions was found in the 

same composition or balance (Utomo et al. 2013; Supriadi et 

al. 2016). While tidal lowlands contain silt from 

sedimentation mixture of river water and seawater with 

balance clay and sand fractions (Marlina et al. 2016). Higher 

inoculum potentials in highlands and tidal lowlands in this 

research was due to balance or higher of clay texture and 

organic soils than that of freshwater swamps and peatlands.  

The balance or higher of clay texture and organic soils 

are capable of maintaining the existence of fungal 

propagules (Garrido-Jurado et al. 2011). Zhong et al. 

(2010) stated that soil in ecosystems which apply 

composted manure or no synthetic fertilizer had higher 

propagules content of B. bassiana than that of soil in the 

ecosystem which applies synthetic fertilizers. Also, the 

application of synthetic pesticides is capable of decreasing 

the existence of entomopathogenic fungi within the soil 

(Mietkiewski et al. 2010). Local farmers in freshwater 

swamp and peatland areas of South Sumatra usually do not 

apply synthetic pesticides, whereas many local farmers in 

tidal lowland and highland areas apply synthetic pesticides 

(Herlinda et al. 2018). Although no synthetic pesticides 

were applied in the freshwater swamp and peatland areas, 

fungal propagules or inoculum potentials in these areas 

were lower than those of tidal lowlands and highlands 
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areas. In this study, there was no evidence that having no 

synthetic pesticide application in freshwater swamp and 

peatland areas can cause the high existence of fungal 

propagules. However, soil pH and soil texture have more 

effect on the existence of propagules of B. bassiana and M. 

anisopliae in lowland swamp and peatland ecosystems.  

Higher inoculum potentials in highlands and tidal 

lowlands in this research were closely related to specific 

cultivated vegetations or crops. Most peatlands in Indonesia 

were utilized for forestry and conservation areas 

(Suriadikarta and Sutriadi 2007). Paddy generally is 

cultivated at freshwater swamps (Herlinda et al. 2018; 

Lakitan et al. 2018a; Lakitan et al. 2018b) as well as in tidal 

lowlands; however, paddy cultivation at tidal lowlands was 

more intensive (with two to three planting indices) than that 

of freshwater swamps (one planting index). Thus, diverse 

species of vegetation or crop plants could affect abundant 

and diverse species of the soil microorganisms associated 

with plant and crop roots (El-Ghany 2015).  

This research found two species of entomopathogenic 

fungi from soils in South Sumatra i.e., B. bassiana and M. 

anisopliae. The highest percentage of the inoculum 

potentials and prevalence of both fungi occurred in the 

highland ecosystems and the lowest percentage of the 

inoculum potentials of the fungi was found in the peatland 

ecosystems. In highland ecosystems, the percentage of the 

inoculum potentials was affected by the locations and the 

vegetation or the crop plants. These fungi will make an 

important contribution to the biological control for insect 

pests from lowland to highland ecosystems in Indonesia.  
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Abstract. Erlinawati I, Abinawanto, Salamah A, Rugayah. 2018. Genetic diversity analysis of daluga (Cyrtosperma merkusii) using 

Sequence-Related Amplified Polymorphism in Siau, Sangihe and Talaud Islands, North Sulawesi, Indonesia. Biodiversitas 19: 2374-

2380. Daluga or the giant swamp taro (Cyrtosperma merkusii (Hassk.) Schott, a member of Araceae, is one of the minor tuber crops in 

Indonesia. It has high nutritional value for alternative food. Sequences-Related Amplified Polymorphism (SRAP) primers combinations 

were used for the first time to assess the genetic diversity among 36 of daluga accessions from several locations in Siau, Sangihe and 

Talaud islands, North Sulawesi, Indonesia. All of the samples were successfully extracted from silica-gel dried leaves using CTAB 

methods with minor modifications. Using six SRAP primer combinations, a total of 80 DNA fragments were yielded, varied from 75-

1500 bp. The scoring of the fragments resulted in 68 (85.03%) polymorphic bands. Amongst four populations studied, Siau Island 

population has the highest level of genetic variation with mean values of Na = 1.9375±0.2436, Ne = 1.6409 ± 0.3255, PPL = 93.75%, H 

= 0.3614 ± 0.1516 and I = 0.5299 ± 0.1978. Meanwhile, Salibabu, Talaud Island population has the lowest level of genetic variation 

with mean values of Na = 1.5125 ± 0.5030, Ne = 1.3075 ± 0.3723 , PPL = 51.25%, H = 0.1800 ± 0.1989 and I = 0.2700 ± 0.2855. The 

high of polymorphic bands were generated by SRAP markers suitable for further analysis method in applied and basic of the genetic 

study on Cyrtosperma species and also related genera. This new genetic information can be used for baseline data for further research 

especially to improving the variation of daluga and for the conservation of daluga in the future. 

Keywords: Cyrtosperma merkusii, daluga, genetic diversity, SRAP.  

INTRODUCTION  

Cyrtosperma merkusii (Hassk.) Schott, which is called 

daluga in Sulawesi or giant swamp taro, is one of the 

important food belongs to aroid family (Araceae) which 

has not been cultivated in Indonesia. C. merkusii is an 

interesting crop which has received too little scientific 

attention. Daluga can produce food under conditions where 

other crops fail such as the conditions of drought, floods, 

fresh, and brackish water swamps. This ability makes 

daluga become a very useful plant in Oceania (Evangelio 

1996). This species also become a major crop in the Pacific 

(Rao et al. 2014). Many uses are reported for this species, 

such as the leaves are eaten for vegetables and also used as 

a food wrapper (Plucknett 1977; Manner 2011). Daluga 

also has been used in traditional medicine, such as in 

Karibiti, specialist used a yellow mold from sliced and 

sundried corms to treat skin infections. The tubers are eaten 

after boiling, steaming or roasting, and they can be 

preserved by peeling, slicing, scalding and drying in the 

sun for future use. Starch and flour also can be produced 

from these tubers (Manner 2011). In Siau, Sangihe and 

Talaud islands, people sometimes boiled daluga tuber and 

sometimes mixed with palm sugar, coconut, and water. In 

Sangihe Island, people also made a traditional cuisine 

namely ‘ketang-ketang” where the tuber of daluga coarse 

grated or thinly sliced and then fried with coconut oil, 

mixed with melted palm sugar and formed round like balls 

(pers.comm.). 

Dingan et al. (1994) stated that per 100 g edible portion 

of the raw tuber of daluga contains 75 g of water, 308 kcal 

(75kJ) of energy, 0.5 g of protein, 0.2 g of total fat, 18 g of 

available carbohydrates, 2.8 g of dietary fibre, 72 mg of 

sodium, 67 mg of potassium, 182 mg of calcium, 21 mg of 

magnesium, 0.6 mg of iron, 2.1 mg of zinc, equivalent 5 µg 

of total vitamin A, equivalent 30 µg of ß-carotene, 0.03 mg 

of thiamine, 0.02 mg of riboflavin, 15.7 mg of vitamin C 

and 2 mg of vitamin E. The high nutritional value for this 

species make daluga is potential to be developed as an 

alternative food to ensure food security, especially in small 

islands in Indonesia.  

Study on daluga in Indonesia is still limited. The 

morphological studies have been conducted by Julianti et 

al. (2012) in Sangihe Island and Erlinawati et al. (2018) in 

Siau, Sangihe and Talaud Islands. The genetic variation of 

daluga has been studied by Julianti et al. (2015) which only 

restricted in Sangihe Island and concluded that DNA 

barcoding of daluga from Sangihe based on the matK gene 

could not distinguish variations intraspecies.  
Molecular markers based on DNA are stable, detectable 
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in all tissues and independent of environmental or seasonal 

conditions. They can be used for cultivar identification, 

diversity analysis, assessment of parentage, patent issues 

and quality control of rootstock-seed lots (Ahmad et al. 

2004). A variety of molecular techniques have been 

developed for measuring genetic variability, such as RAPD 

(Random Amplified Polymorphic DNA), AFLP 

(Amplification Fragment Length Polymorphism), RFLP 

(Restriction Fragment Length Polymorphism), SNP (Single 

Nucleotide Polymorphism), SSR (Simple Sequence 

Repeats), ISSR (Inter Simple Sequence Repeats), and 

SRAP (Sequences Related Amplified Polymorphism). 

According to Ahmad et al. (2004), RAPD markers have 

poor reproducibility and low multiplexing output limit their 

use. AFLP markers have a multiplexing ratio, but their 

main disadvantage is the complexity and requirement of 

licensing for commercial purposes. SSR markers have 

disadvantages in time consuming and expensive for the 

developmental cost. Meanwhile, RFLP and NSP markers 

have disadvantages in high running cost. 

One of the most reliable PCR based molecular marker 

systems is SRAP. SRAP is a novel marker which 

preferentially amplifier ORFs (Open Reading Frames) and 

combines simplicity, reliability, moderate multiplexing 

ability and facile sequencing of selected bands (Li and 

Quiros 2001; Ahmad et al. 2004). SRAP is a PCR-based 

marker system that uses two primers. The first type of 

primer is called forward with 17 bp long and contains fixed 

sequences of 14 nucleotides which rich in C and G contents 

and three selected bases at the 3’ end. This primer 

preferentially amplifies exonic regions, which tend to be 

rich in these nucleotides. The second ones is called reverse 

with 18 bp long and contains sequences of 15 nucleotides, 

rich in A and T and three selected bases at the 3’ end. This 

primer preferentially amplifies intronic regions with 

promoters, rich in these nucleotides. The observed 

polymorphism fundamentally originates in the variation of 

the length of these introns, promoters, and spacers, both 

among individuals and among species (Li and Quiros 

2001). 

The SRAP marker system was developed primarily for 

Brassica species, but also tested in other crops such as 

potato, rice, apple, citrus, cherry, plum, garlic, lettuce and 

celery (Li and Quiros 2001). According to Ahmad et al. 

(2004), SRAP markers appears to be much more effective, 

quicker and less expensive than are SSR markers in peach 

and nectarine cultivars. SRAP markers is also a useful 

DNA fingerprinting tool for evaluation of genetic diversity 

of species, cultivars and breeding line such as in cumin 

(Amar et al. 2011; Bhatt et al. 2017), Vigna radiata (Aneja 

et al. 2013), tuber crop Dioscorea spp. (Wu et al. 2014), 

and Bouea macrophylla accessions (Kaewpongumpai et al. 

2016).  

The genetic diversity of daluga in Siau and Talaud has 

not been reported before. In our study, SRAP markers were 

used for the first time to analyze genetic diversity on giant 

swamp taro (daluga) so the objective of recent research was 

to determine genetic diversity among daluga in Siau, 

Sangihe and Talaud Islands (Karakelang and Salibabu), 

North Sulawesi using SRAP. 

MATERIALS AND METHODS 

Study area and plant materials 

Thirty six of daluga accessions were collected on 28 

April 2017-18 Mei 2017 from different sites in Siau, 

Sangihe and Talaud Islands, North Sulawesi (Table 1, 

Figure 1). Talaud Islands in this study consisted of 

Salibabu and Karakelang Islands. 

The microclimate measurement indicated that daluga in 

Siau Island grew at 104-207 m above sea level (asl.), 

temperature 30-320C, air humidity 30-35%, soil humidity 

20-30% and pH 6.8-7, whereas in Sangihe island, daluga 

grew at 7-143 m asl., temperature 31-36C, air humidity 

48-51%, soil humidity 20-50%, and pH 6.2-7. Meanwhile 

in Talaud islands, daluga grew at 7-61 m asl., temperature 

29-350C, air humidity 60-73%, soil humidity 30-50%, and 

pH 6.6-7 (Erlinawati et al. 2018). 

 
Table 1. Accessions of daluga from Siau, Sangihe and Talaud 

(Salibabu and Karakelang) Islands, North Sulawesi, Indonesia 

  

Population no./ 

accessions no. 
Population 

Accession 

no. 

1/1 Balirangin, Siau IE 548a 

1/2 Balirangin, Siau IE 548b 

1/3 Balirangin, Siau IE 548c 

1/4 Balirangin, Siau IE 549 

1/5 Tanaki, Siau IE 550 

1/6 Tanaki, Siau IE 551 

1/7 Tanaki, Siau IE 552 

1/8 Tanaki, Siau IE 553 

1/9 Tanaki, Siau IE 554 

1/10 Dusun Tiga, Siau IE 555 

1/11 Dusun Tiga, Siau IE 556 

Total of accessions  11 

2/12 Lelipambeh, Sangihe IE 564 

2/13 Balaneh, Sangihe IE 565a 

2/14 Balaneh, Sangihe IE 565b 

2/15 Balaneh, Sangihe IE 565c 

2/16 Hesang, Sangihe IE 567 

2/17 Hesang, Sangihe IE 568 

2/18 Hesang, Sangihe IE 569 

2/19 Hesang, Sangihe IE 570 

2/20 Mahena, Sangihe IE 571 

2/21 Mahena, Sangihe IE 572 

2/22 Naha, Sangihe IE 575 

2/23 Naha, Sangihe IE 576 

Total of accessions  12 

3/24 Bantik, Karakelang IE 577 

3/25 Bantik, Karakelang IE 578 

3/26 Bantik, Karakelang IE 579 

3/27 Niyampak, Karakelang IE 580a 

3/28 Niyampak, Karakelang IE 580b 

3/29 Niyampak, Karakelang IE 580c 

3/30 Niyampak, Karakelang IE 586 

Total of accessions  7 

4/31 Musi, Salibabu IE 587 

4/32 Pertamina Camp, Salibabu IE 588 

4/33 Pertamina Camp, Salibabu IE 589 

4/34 Moronge, Salibabu IE 590 

4/35 Moronge, Salibabu IE 591 

4/36 Ds. Salibabu, Salibabu IE 594 

Total of accessions  6 

Total of all accessions  36 
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Figure 1. Sampling sites of daluga in Siau, Sangihe and Talaud (Salibabu and Karakelang) Islands, North Sulawesi, Indonesia 

 

 

 

The molecular work was conducted in Molecular 

Systematic Laboratory, Botany Division, Research Center 

for Biology, Indonesian Institute of Sciences on 13 

December 2017-19 April 2018. 

Procedures 

DNA extraction and amplification 

Total DNA was extracted from silica-gel dried leaves 

by minor modification of CTAB method (Doyle and Doyle 

1987; Ardiyani et al. 2014). DNA quality and quantity 

were determined on 1% agarose gel. Primers pairs used in 

this study were synthesized by Ward Medic Ltd., Part. 

Thailand (Table 2). Firstly, eight SRAP primer 

combinations were screened in three representative samples 

(IE 548a, IE 554, and IE 555). Under the optimized 

condition, six primer combinations, generated strong and 

clear amplified bands, were selected for further 

investigations. 

 The primers pair combinations were me1F+em2R, 

me2F+em2R, me3F+em2R, me2F+em3R, me3F+em3R, 

and me4F+em2R. The PCR was performed using a 

TaKaRa PCR Thermal Cycler. The PCR reaction mixtures 

with total volumes 15 µL consisted of 1 µL template DNA, 

7.8 µL Gmm, 5.4 µL dH2O, and 0.4 µL of each primer. The 

SRAP amplification process was started with heat shock at 

94oC for 5 minutes then DNA was denaturized at 94oC for 

1 minute, annealing at 35oC for 1 minute and DNA 

extension was done at 72oC for 1 minute for the first 5 

cycles and followed by 35 cycles of 1 minute at 94oC 

(denaturation), 1 minute at 50oC (annealing) and 1 minute 

at 72oC (extension) (Li et al. 2013; Bhatt et al. 2017). The 

final extension was performed at 72oC for 8 minutes. After 

35 cycles, the profile was linked on hold at 25oC. The PCR 

reactions were repeated twice for each primer pair to 

ensure reproducibility. 

 
Table 2. Sequences of SRAP forward and reverse primers. 

 

Primer code Type Sequences 5’-3’ 

me1 Forward TGA GTC CAA ACC GGA TA 

me2 Forward TGA GTC CAA ACC GGA GC 

me3 Forward TGA GTC CAA ACC GGA AT 

me4 Forward TGA GTC CAA ACC GGA CC 

em2 Reverse GAC TGC GTA CGA ATT TGC 

em3 Reverse GAC TGC GTA CGA ATT GAC 

1 
2 3 

9 

6 
4 

5 

8 

7 

10 

11 

14 
13 

12 
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Data analysis 

The SRAP products were analyzed using 1.5% agarose 

gel in 160 mL TBE and stained with 8 µL gel red. The gels 

were viewed and photographed using a Gel Documentation 

System (Bioinstrument-Atto). The size of each DNA band 

was inferred by comparison with a 100 bp DNA ladder 

(Promega) to determine SRAP profiles. The amplified 

products of SRAP markers (Fig. 1) were scored as 1 and 0, 

where 1 = presence of band and 0 = absence of band. 

Genetic similarity between genotypes was calculated by 

SimQual program with distance coefficient and 

Unweighted Pair Group Method Average (UPGMA) 

dendrogram was constructed using SAHN clustering 

algorithm in NTSYSpc.v.2.20 (Rohlf 2005). 

RESULTS AND DISCUSSION 

Daluga (Cyrtosperma merkusii) is very potential to be 

one of an alternative food to ensure food security in 

Indonesia, particularly in small islands, such as Siau, 

Sangihe, Talaud (Karakelang and Salibabu) Islands 

(Erlinawati et al. 2018). A series of researches need to be 

done. The genetic diversity analysis is necessary in plant 

breeding, plant systematics, and evolution also in plant 

pathology (Li et al. 2013). Genetic variability on daluga 

has been previously studied using different molecular 

marker by Julianti et al. (2015), but they concluded that 

DNA barcoding of daluga from Sangihe based on the matK 

gene could not distinguish variations intraspecies. The 

Sequence-Related Amplified Polymorphism (SRAP) is the 

new marker technique based on PCR. This study is the first 

application of SRAP markers as a technique for estimating 

genetic diversity on daluga in Siau, Sangihe, Talaud 

(Karakelang and Salibabu) Islands.  

Polymorphism and primer evaluation 

The six primer combinations of Sequence-Related 

Amplified Polymorphism (SRAP) were used on daluga 

from Siau, Sangihe and Talaud Islands resulted PCR 

product that can be read and scored for further analysis. 

The primer combinations and total bands product which are 

yielded were shown in Table 3. A representative of the 

molecular profile of daluga generated with one of SRAP 

combination primer (me3F + em3R) were performed in 

Figure 2. 

Analysis of genetic diversity using six SRAP primer 

combinations on 36 accessions of daluga from 4 wild 

populations generated a total of 80 bands, of which 68 

(85.03%) were polymorphic bands. The number of 

polymorphic bands varied from 7 in primer combination 

me4F+em2R to 15 in primer combination me3F+em2R 

with the average of polymorphic bands were 11.33. The 

size of amplified bands ranged from 75-1500 bp (Table 3). 

This result indicated that SRAP marker has a high level 

of polymorphism with more than 50% bands are 

polymorphic bands, therefore, SRAPs can supply rich 

genetic information for daluga and are a suitable method 

since it is an efficient, low cost, simple, and reliable 

method for molecular analysis to evaluate the genetic 

diversity. The extent polymorphism is important to identify 

accurate associations among accessions (Bhatt et al. 2017). 

The level of polymorphism was comparatively higher than 

previous studies on many crops such as in Pinus, the level 

of polymorphism is 55% (Feng et al. 2009) and 57.27% in 

Bouea macrophylla (Kaewpongumpai et al. 2016).  
 

Table 3. Features of SRAP amplified products used for analysis 

of genetic diversity of daluga 

 

Primer 

combinations 

Band size 

(base 

pairs) 

Total 

bands 

Poly-

morphic 

bands 

% Poly-

morphism 

me1F+em2R 100-1500 12 10 83.33 

me2F+em2R 75-1500 12 11 91.67 

me2F+em3R 80-1500 13 12 92.31 

me3F+em2R  100-1500 15 15 100 

me3F+em3R 100-1500 14 13 92.86 

me4F+em2R 75-1500 14 7 50.00 

Total 75-1500 80 68  

Mean  13.33 11.33 85.03 

 

 

 
Figure 2. An example of the molecular profile of daluga generated with SRAP combination primer me3F + em3R. Notes: 1= IE565b, 

2= IE 565c, 3=IE 566, 4= IE567, 5= IE 568, 6= IE569, 7= IE570, 8= IE571, 9= IE572, 10= IE575, 11= IE576, 12=IE577, 13=IE 578, 

14=IE579, 15=IE580a, 16=IE580b, 17=IE580c, 18=IE586, 19=IE587, 20=IE588, 21=IE589, 22=IE590, 23=IE591, 24=IE 598, and M = 

DNA marker (100 bp ladder Promega) 
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Cluster analysis 

The UPGMA cluster analysis from 36 accessions of 

daluga based on the SRAP data showed separation of 

accessions into two major clusters, cluster A with similarity 

coefficient value is 0.65 and cluster B with similarity 

coefficient value is 0.54 (Figure 3). This clustering in line 

with morphological studied was done by Erlinawati et al. 

(2018) that grouped daluga based on the length of 

peduncle. Cluster A consisted of all accessions with long 

peduncle (˃ 1 m), whereas cluster B consisted of 25 

accessions with short peduncle (≤ 1 m) except 3 accessions 

with long peduncle (IE 566, IE 568 and IE 569). This result 

needs further analysis by combining the morphology and 

molecular data.  

Most of the accessions are grouped based on their 

provenances, but some of the accessions are grouped 

randomly. Cluster A comprising two subcluster (E and F) 

which are consisted of accessions from Siau and only one 

accession from Sangihe (IE 565a). Cluster B comprising 

two subcluster (C and D). Subcluster C consisted of rest 

accessions from Siau and only one accession from 

Karakelang, Talaud (IE 580c). Subcluster D consisted of 

two sub subcluster ( I and J) and consisted of several small 

groups, where the majority are grouped based on their 

provenance (K and N), and cluster randomly (L and M). 

Subcluster K consisted of IE 578, IE 579, IE 580a, and IE 

580b from Karakelang, Talaud Islands. Subcluster N 

consisted of IE 589, IE 590, IE 591, and IE 594 from 

Salibabu, Talaud Islands. Whereas subcluster L and M 

consisted of accessions from different sites, but genetically 

was similar. Subcluster L showed cluster randomly 

between accessions from Salibabu (IE 587 and IE 588) and 

Karakelang, Talaud Islands (IE 586). Sub cluster M also 

showed cluster randomly between accessions from Sangihe 

(11 accessions) and Karakelang, Talaud Islands (IE 577). 

According to Santosa et al. (2012), this phenomenon is 

probably that clonal propagation might common in past 

time. 

Genetic diversity analysis 

The knowledge about the genetic diversity of crop is 

essential in genetic improvement programs (Wu et al. 

2014), can assist the development of efficient germplasm-

management and utilization strategies (Kaewpongumpai et 

al. 2016) and the keys of success of breeding programs 

(Kumar et al. 2017). Several parameters are used for 

analyzing the genetic diversity, that is the mean of the 

observed number of alleles (Na), the mean of an effective 

number of alleles (Ne), the percentage of polymorphic loci 

(PPL), Nei’s gene diversity (H) and Shannon's Information 

index (I). 

The genetic diversity from each population is shown in 

Table 4. Amongst four populations of daluga were studied, 

Siau Island population has the highest level of genetic 

variation with mean values of Na = 1.9375±0.2436, Ne = 

1.6409 ± 0.3255, PPL = 93.75%, H = 0.3614 ± 0.1516 and 

I = 0.5299±0.1978. Meanwhile, Salibabu, Talaud Island 

population has the lowest level of genetic variation with 

mean values of Na = 1.5125 ± 0.5030, Ne = 1.3075 ± 

0.3723, PPL = 51.25%, H = 0.1800 ± 0.1989 and I = 

0.2700±0.2855.  

 

 

 
Figure 3. Dendrogram of genetic similarity among 36 accessions of daluga based on UPGMA algorithm 
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Table 4. Genetic diversity of four populations of daluga 

 

Population 
Sample 

size 
Na Ne 

Percentage of 

Polymorphic Loci (PPL) 
H I 

Siau 11 1.9375±0.2436 1.6409±0.3255 93.75 0.3614±0.1516 0.5299±0.1978 

Sangihe 12 1.800±0.4025 1.4792±0.3761 80.00 0.2766±0.1911 0.4130±0.2620 

Karakelang, Talaud 7 1.7625±0.4282 1.4255±0.3727 76.25 0.2500±0.1901 0.3785±0.2618 

Salibabu, Talaud 6 1.5125±0.5030 1.3075±0.3723 51.25 0.1800±0.1989 0.2700±0.2855 

Notes: Na : Mean of the observed number of alleles; Ne: Mean of the effective number of alleles (Kimura and Crow 1964); PLP: 

Percentage of Polymorphic Loci; H: Nei's (1973) gene diversity; I: Shannon's Information index (Lewontin 1972) 

 

 

 

Within most of the studied populations, a relatively 

high level of genetic diversity has detected (PPL values 

ranged from 51.25 to 93.75%, H ranged from 0.1800 to 

0.3614, and I ranged from 0.2700 to 0.5299) compared to 

the results obtained for other tuber crop from the same 

family (Araceae), namely Amorphophallus konjac using 

AFLP with PPL values ranged from 29.3 to 67%, H ranged 

from 0.066 to 0.202, and I ranged from 0.113 to 0.313 (Pan 

et al. 2015). 

The highest level of genetic variation on Siau 

population with mean values of Na = 1.9375±0.2436, Ne = 

1.6409 ± 0.3255, PPL = 93.75%, H = 0.3614 ± 0.1516 and 

I = 0.5299±0.1978 indicated that Siau Island is probably 

one of the center of origin of daluga in Indonesia. 

According to Vavilov (1951), the center of origin is a 

geographical area where a group of organisms, either 

domesticated or wild, first developed its distinctive 

properties. It is also considered as centers of diversity. This 

high level of genetic variation on Siau Island is probably 

caused by occurs out-crossing pollination more than self-

pollination. The flowers of Cyrtosperma spp. are pollinated 

by insects. It is the host plant for the brown tussock moth, 

namely Olene mendosa (NParks Flora&FaunaWeb 2013). 

According to Pan et al. (2015), the transfer of pollen by 

insect pollinators between different plants may increase the 

possibility of out-crossing and, subsequently, would 

increase the genetic diversity in the studied populations.  

The genetic diversity of a plant species is determined by 

several factors, such as mating systems, life history, 

evolutionary history, geographic distribution range, and 

environmental factors (Loveless and Hamrick 1984; 

Hamrick and Godt 1990, 1996; Pan et al. 2015). The high 

levels of genetic diversity found in populations of daluga in 

this area study may be explained firstly by its mating 

systems. Although daluga is a clonal plant and reproduces 

asexually through tubers, it can also reproduce sexually by 

out-crossed seeds, similar with Amorphophallus variabilis 

(Santosa et al. 2012) and A. konjac (Pan et al. 2015). 

The grouping of genetic diversity between four 

populations of daluga were analyzed using Nei’s genetic 

distance (1978) with UPGMA methods (Figure 4). In 

general, daluga formed into two major groups. Group I 

consisted of population 4 (Salibabu, Talaud Islands) and 

group II included of population 2 (Sangihe Island) which 

are grouped itself and population 1 (Siau Island) and 

population 3 (Karakelang, Talaud Island) which are 

clustered into one group (Figure 3). This result indicated 

that Siau and Karakelang have the similar genetic properties. 

 
 

Figure 4. Dendrogram of four populations of daluga according to 

Nei’s genetic distance (1978)  

 

 

 
Table 5. Nei’s genetic distance (Nei 1978) for four populations of 

daluga 

 

Population 1 2 3 4 

1 ****    

2 0.1663 ****   

3 0.1059 0.1444 ****  

4 0.2787 0.1785 0.1704 **** 

Notes: Population 1 = Siau, 2 = Sangihe, 3 = Karakelang, Talud, 4 

= Salibabu, Talaud 

 

The genetic distance among populations 

The Nei’s genetic distance (Nei 1978) for four 

populations of daluga performed in Table 5. The highest 

genetic distance (0.2787) has occurred between population 

1 (Siau Island) and population 4 (Salibabu, Talaud Island), 

meanwhile, the lowest genetic distance (0.1059) was 

between population 1 (Siau Island) and population 3 

(Karakelang, Talaud Island).  

The Nei’s genetic distance (Nei 1978) for four 

populations of daluga ranged from 0.1059 until 0.2787. 

The highest genetic distance (0.2787) has occurred between 

the population of Siau Island and the population of 

Salibabu, Talaud Islands. This value indicated that there is 

great barrier geography between Siau and Salibabu 

population. It’s also interpreted that small possibility of 

these two populations derived from a common ancestor. On 

the contrary, the lowest genetic distance (0.1059) has 

occurred between Siau and Karakelang which indicated 

that these two populations could have the same genetic 

background. 

The results of current study concluded that SRAP 

molecular marker is a suitable approach to analyze the 

genetic variation of daluga in Siau, Sangihe, and Talaud 
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(Karakelang and Salibabu) Islands. SRAP has been shown 

to be a quick, simple, economical, and reproducible method 

for identification and grouping of daluga accessions. The 

relatively high level of genetic diversity generated using 

SRAP marker was responsible for the large genetic 

variation on daluga. This genetic information can be used 

for baseline data for further research especially to 

improving the variation of daluga through plant breeding, 

so it produces the accession with higher genetic diversity. 

This result is very important for conservation of daluga in 

the future as an alternative food, particularly in small 

islands of Indonesia. 
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Abstract. Wulandari YRE, Yogiara, Lizar M. 2018. Short Communication: Detection of lectin gene (MLL1 and M35) in mulberry plant 

(Morus spp.) from Bogor, West Java, Indonesia Biodiversitas 19: 2381-2384. Plant species contains carbohydrate-binding protein 

known as lectin or agglutinin. Lectin binds to specific carbohydrates, such as monosaccharides or oligosaccharides and initiates 

agglutination process. Lectin plays an important role as plant defense, so that it can be used to prevent pest attacks. Mulberry leaf lectin 

1 (MLL1) from young leaves of Morus alba can be used against phytopathogenic bacteria, Pseudomonas syringae pv. mori. Mannose-

binding lectin (M35) was found on stems of M. nigra as protein storage. M35 is also produced on roots of M. alba and induced by 

mulberry stem cuttings. This research purpose was to isolate and analyze lectin gene expression (MLL1 and M35) in M. alba var. 

multicaulis, M. cathayana, M. bombycis var. lembang, and M. alba var. kanva-2 from Bogor, West Java, Indonesia. Different plant 

organ including leaves, stems, and roots were used as source of samples and analyze using Reverse Transcription Polymerase Chain 

Reaction (RT-PCR). Our results showed that all of MLL1 genes were expressed in young leaves, but not expressed in stems and roots of 

mulberry plant samples. The M35 gene was expressed in young leaves, stems, and roots of all mulberry plant samples. Reverse 

Transcription PCR of MLL1 gene exhibited a 350 bp DNA band, while M35 gene exhibited a 99 bp DNA band. 

Keywords: 1-deoxynojirimycin, antiherbivory, mulberry, Morus, plant-defense, RT-PCR 

INTRODUCTION 

Mulberry (Morus spp.) is a shurb and distributed 

worldwide, from tropical to temperate regions. Mulberry is 

traditionally used in Chinese medicines as a pharmaceutical 

and known for its nutritional benefits. Mulberry fruits are 

rich in phenolic compound, including flavonoids, 

anthocyanin, and carotenoids while the leaves are rich in 

chlorogenic acid, polyphenolic acid, quercetin, and 1-

deoxynojirimycin (DNJ). The fruits can be consumed 

directly, while the leaves can be used as herbal tea for 

prevent diabetes. Mulberry leaves can also be used as feeds 

for ruminants because the leaves are digestible (Huang et 

al. 2013; Geniola 2016).  

Mulberry is often associated with the development of 

sericulture industry. Sericulture is an agro-based industry 

and involves rearing of silkworms for the silk production. 

Mulberry silk comes from the silkworm, Bombyx mori 

Linnaeus. which solely feeds on the leaves of mulberry 

plant. Sericulture industry often disturbed by pest 

population. It causes extensive damage to host plants and 

fluctuation in cocoon production. The major insects orders 

known to be the pest of mulberry plant are Lepidoptera, 

Hemiptera, Coleoptera, Thysanoptera, Orthoptera, and 

Isoptera (Avhad and Hiware 2013). Pest populations can be 

managed by using chemical pesticides, but if used 

excessively can harm the plants itself, and other organisms 

as well. The high risk groups exposed to chemical 

pesticides includes production workers and agricultural 

farm workers. Pesticides also contaminate environment 

such as soil, air, and water (Aktar et al. 2009). Therefore, 

other compounds that can be used as a plant defense are 

needed so as to reduce the use of chemical pesticides. 

Some studies have found that lectin content of plants 

can be used as antibacterial, antiinsecticidal, antiherbivory, 

and antifungal to prevent pest attacks (Peumans and 

Damme 1995). Lectin are carbohydrate-binding proteins 

present in most of the plants and in some animal. Lectin 

can be found at seeds, bulbs, leaves, stems, and roots of the 

plants. Mulberry leaf lectin 1 (MLL1) which is isolated 

from young leaves of M. alba. It has a specificity to N-

glycolylneuraminic acid (NeuGc) and against a specific 

phytopatogenic bacteria, Pseudomonas syringae pv. mori 

(Ratanapo et al. 1998, 2001). Other studies (Van Damme et 

al. 2002; Du et al. 2016) reported that mannose-binding 

lectin (M35) has a binding specificity to mannose that was 

found on stems and roots of Morus nigra or Black 

Mulberry. This study aimed to isolate and analyze lectin 

gene expression (MLL1 and M35) on different organ from 

the mulberry plant species using Reverse Transcription 

Polymerase Chain Reaction (RT-PCR) method. 

MATERIALS AND METHODS 

Sample preparation 

A total of 10 mulberry stem cuttings from M. alba var. 

multicaulis, M. cathayana, M. bombycis var. lembang, and 
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M. alba var. kanva-2 as the mother plant were taken from 

University Farm belong to Bogor Agricultural University 

(IPB) in Sukamantri, Bogor, West Java, Indonesia and 

grown in the green house of Faculty of Biotechnology, 

Atma Jaya Catholic University of Indonesia. 

RNA isolation 

Samples were taken and weighed as much as 100 mg 

from young leaves, stems, and roots organ from different 

species of mulberry plants. Total RNA was isolated from 

these samplesusing GeneJET Plant RNA Purification Mini 

Kit (ThermoScientific, USA) following manufacture’s 

protocol. The quality of isolated RNA was checked for by 

using agarose gel electrophoresis with 1 % agarose 

concentration and run at 90 volt for 60 min. The 

concentration and purity of RNA isolates were measured 

by using NanoDrop 2000 UV-Vis Spectrophotometer 

(ThermoScientific, USA). 

cDNA synthesis 

Synthesis of first strand cDNA was done by using 

RevertAid First Strand cDNA Synthesis Kit 

(ThermoScientific, USA). The cDNA synthesis was 

performed for all RNA samples and reference (GAPDH 

RNA). The reaction mixtures were incubated at 42 °C for 

60 min. The reaction was terminated by incubation at 70 °C 

for 5 min. The reaction product can be directly used for 

PCR or can be stored at a temperature of -20 °C at freezer, 

or it can be stored at a -80 °C freezer. The cDNA synthesis 

were completed by mixing first strand cDNA with each of 

MLL1 and M35 primer pairs (Table 1), and KAPA2G Fast 

Ready Mix PCR Kit (KAPABiosystems, USA).  

The optimum condition for PCR of MLL1 and M35 

consisted of initial denaturation 94 oC, 5 min; denaturation 

94 oC, 30 sec; annealing 52 oC, 1 min for MLL1 and 55 oC, 

1 min for M35; extension 72 oC, 1 min; final extension 72 
oC, 7 min, and total 35 cycles. The cDNA synthesis was 

confirmed by amplification of GAPDH, 18S rRNA, and 

rbcL. 18S rRNA and rbcL genes were plant genes internal 

control. The condition PCR of GAPDH, 18S rRNA, and 

rbcL were as follow: initial denaturation 94 oC, 5 min; 

denaturation 94 oC, 30 sec; annealing 58 oC, 30 sec for 

GAPDH or 51 oC, 30 sec for 18S rRNA and rbcL; 

extension 72 oC, 2 min; final extension 72 oC, 7 min, and 

total 35 cycles. 

Verification of the PCR products was performed using 

agarose gel electrophoresis with 2 % agarose. 

Electrophoresis was run at 80 Volt for 90 min followed by 

EtBr staining for 30 min and destained in ddH2O for 10 

min. The agarose gel is exposed to Ultraviolet (UV) light 

on the Gel Doc ™ EQ System (BioRad, US) for visualization. 

RESULTS AND DISCUSSION 

RNA isolation 

RNA was isolated from roots sample were visualized 

by using agarose gel electrophoresis yielded two bands 28S 

rRNA and 18S rRNA (Figure 1). The presence of these two 

bands indicates that RNA is isolated intact and can be used 

for first strand synthesis of cDNA. 

Based on the results of the measurement of the quantity 

and purity of RNA can be seen that the young leaves organ 

might yield RNA concentration higher than stems and roots 

organ (Table 2).  

First strand synthesis of cDNA 

RNA isolates were synthesized into cDNA and 

verification of cDNA synthesis is amplified by 18S rRNA 

and rbcL primer. The cDNA amplification of samples with 

18S rRNA (Figure 2) and rbcL (Figure 3) primer as an 

internal control of plant RNA is done. All samples were 

successfully amplified by 18S and rcbL primer and 

produce a 500 bp band. The results obtained are in 

accordance with the previous study that rbcL gene is about 

599 bp (Smit et al. 1999; Marghali et al. 2014). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. RNA isolation visualization results from roots of: 1. M. 

alba var. multicaulis, 2. M. cathayana, 3. M. bombycis var. 

lembang, 4. M. alba var. kanva-2 

 

 

 
Table 2. RNA quantity and purity measurements 

  

Species Organ 
[RNA] 

ng/µL 
260/280 260/230 

      

M. alba var. 

multicaulis 

Leaves 163.8 1.95 1.80 

Stems 102 2.10 1.77 

Roots 50.8 2.01 1.65 

M. cathayana Leaves 246.8 1.87 2.00 

Stems 71.1 2.15 1.75 

Roots 96.3 2.02 1.67 

M. bombycis var. 

lembang 

Leaves 296.6 1.89 2.18 

Stems 158.2 2.00 1.81 

Roots 154.1 1.95 1.97 

M. alba var. kanva-2 Leaves 173.3 1.81 2.07 

Stems 78.4 2.11 1.71 

Roots 68.4 2.03 1.60 

  
    

 

18S 

28S 

  1        2        3       4 
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Table 1. List of primer for cDNA synthesis 

 

Gene 

name 

Genbank  

accession 

Number 

Forward/reverse primer sequence (5′-3′) Size Source 

MLL1 JF745131.1 GG (A/C)GT (G/C)GC (A/C)TT (C/T)GA (C/T)G 

A (C/T)GG / CCTTTGAATCC (A/G) (A/G)C (A/G)AT 

 (C/T) (A/T) (A/T)GC 

350 bp  (Kankamol et al. 2012) 

M35 AAL10685.1 ATCCATAAGAGCAAGCA 

CC / GTTGGCTGAGGATAGG TTC 

99 bp  (Du et al. 2016) 

 

 
 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 
 

 

 

 
 

Figure 2. 18S rRNA gene visualization results. 1Kb DNA ladder 

(M); cDNA sample from M. alba var. multicaulis (1, 5, 9), M. 

cathayana (2, 6, 10), M. bombycis var. lembang (3, 7, 11), and M. 

alba var. kanva-2 (4, 8, 12) 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. rcbL gene visualization results. 1Kb DNA ladder (M); 

cDNA sample from M. alba var. multicaulis (1, 5, 9), M. 

cathayana (2, 6, 10), M. bombycis var. lembang (3, 7, 11), and M. 

alba var. kanva-2 (4, 8, 12) 

 

 

 
 

 

Figure 4. MLL1 gene visualization results. 1Kb DNA ladder (M); 

GAPDH as the control kit (G); cDNA sample from M. alba var. 

multicaulis (1, 5, 9), M. cathayana (2, 6, 10), M. bombycis var. 

lembang (3, 7, 11), and M. alba var. kanva-2 (4, 8, 12) 

 

               

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5. M35 gene visualization results. 1Kb DNA ladder (M); 

GAPDH as the control kit (G); cDNA sample from M. alba var. 

multicaulis (1, 5, 9), M. cathayana (2, 6, 10), M. bombycis var. 

lembang (3, 7, 11), and M. alba var. kanva-2 (4, 8, 12) 
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cDNA amplification and verification 

cDNA amplification of lectine genes were done by 

using MLL1 (Figure 4) and M35 (Figure 5) primer as the 

gene target. All samples were successfully amplified by 

MLL1 primer and produce a 350 bp band, while by M35 

primer produce a 99 bp band.  

cDNA of GAPDH were successfully amplified with 

MLL1 and M35 primer as shown by the appearance of a 

496 bp DNA band of control and all samples. Young leaves 

samples from M. cathayana, M. bombycis var. lembang, 

and M. alba var. kanva-2 produced a 350 bp band. 

However, young leaves sample from M. alba var. 

multicaulis also stems and roots from M. alba var. 

multicaulis, M. cathayana, M. bombycis var. lembang, and 

M. alba var. kanva-2 with MLL1 primer did not show any 

bands. This indicated that cDNA samples can not be 

amplified using MLL1 primer because there was no match 

of cDNA samples with sequence of primer (Slack 2006). 

The results were similiar with the previous study that 

MLL1 gene size is 350 bp (Kankamol et al. 2012). In 

addition, all samples were successfully amplified with M35 

primer and produce a 99 bp band. This indicates all 

samples are compatible with the primer sequences so that 

they can be well amplified. The results obtained are in 

accordance with the literature that M35 gene size is 99 bp 

(Du et al. 2016). This preliminary study successfully 

detected MLL1 and M35 gene through PCR amplification. 

To confirm that the amplicons were correctly belongs to 

MLL1 and M35, DNA sequencing should be performed.  

Based on PCR detection method, we conclude that M35 

and MLL1 gene were found in mulberry species from 

Bogor, West Java. MLL1 gene might be expressed on the 

young leaves organ of Morus cathayana, M. bombycis var. 

lembang, and M. alba var. kanva-2. However, MLL1 might 

not be expressed in young leaves of M. alba var. 

multicaulis, and in the stems and roots organ of all 

mulberry plant species. Meanwhile, M35 gene might not be 

expressed on the young leaves, stems, and roots organ in all 

mulberry plant species. 
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Abstract. Devy L, Anita-Sari I, Susilo AW, Wachjar A, Sobir. 2018. Genetic diversity and indirect selection of fine cacao (Theobroma 

cacao) based on bean color. Biodiversitas 19: 2385-2392. Specialty fine cacaos performed higher price than the bulk thereby the 

breeding of fine cacao clones become essential. However as perennial tree, cacao clones will be delivered in 15-20 years. Therefore, 

early detection marker and genetic diversity information will support the fine cacao breeding program. This study aimed to determine 

genetic parameters and early selection marker of leave flush trait to differentiate fine and bulk cacaos based on white bean 

percentage/pod (WBP). The research was conducted on 4 fine and 4 bulk cacao clones in two seasons with different rainfall intensities. 

Observations performed on WBP, flush color (L*, a*, b*, C*, Ho), anthocyanin content (A), SPAD value (S), A/S and S/A. Analysis of 

variance and T-test result showed that b* and C* were able to differentiate fine from bulk cacaos and stable in two seasons. Almost all 

traits showed narrow genetic variability except WBP. However, three of them showed high heritability. Traits correlated with WBP 

were L*, a*, b*, C* and anthocyanin content. However, the trait with high heritability, stable in two seasons, performed differently in 

two cacao types based on T-test and showing high direct correlation with WBP was only b* (yellow color). Fine cacao showed higher 

b* than the bulk. Therefore b* of the flush could be considered as a selection marker of fine cacao.  

Keywords: Anthocyanin, chlorophyll, colorimeter, fine cacao, path analysis 

Abbreviations: WBP: white bean percentage/pod, A/S: ratio of anthocyanin content/SPAD value, S/A: ratio of SPAD value/ 

anthocyanin content 

INTRODUCTION 

As the third largest cacao producer in the world (ICCO 

2017), Indonesian cacao (Theobroma cacao L) 

improvement through plant breeding program should be 

managed comprehensively. Cacao as one of the three most 

important estate crops in Indonesia (BPS 2017) consisted 

of bulk and fine cacao. Indonesian fine cacao, well-known 

as Java A or Java Fine-Flavor Cocoa was considered as one 

of the high-priced specialty cacaos in the world (Susilo et 

al. 2011). However, this cacao type was less vigorous than 

the bulk cacao. The Indonesian Coffee and Cocoa Research 

Institute (ICCRI) is to conduct a breeding program of fine 

cacao for the sustainable use of this important germplasm.  

In a breeding program, the availability of genetic 

resources and the assessment of their diversity is very 

important (Hoisington et al. 1999). Therefore, assessment 

of genetic diversity along with selection trait assessment 

will be beneficial for the achievement of a breeding target. 

Trait assessment, as part of the selection process, is one of 

the crucial stages in plant breeding. To date, selection trait 

of fine and bulk cacao was differentiated by their bean 

(cotyledon) color. Clone categorized as fine cacaos 

contained more than 80% white bean/pod (Anita-Sari et al. 

2013). This marker is simple but could only be detected 

after the generative stage occurred. Therefore, early 

selection marker to differentiate fine and bulk cacaos based 

on white bean percentage/pod is necessary for enhancing 

the selection process. 

To accelerate the selection process by early detection, 

estimation of generative traits could be conducted through 

vegetative traits. Cacao leaves flush was potential to be 

utilized for early selection marker of fine cacao, due to 

their different color tendency (Anita-Sari et al. 2016a). 

Correlation and path analysis between cacao leaf flush and 

white bean percentage/pod, which partitioning the 

correlation coefficient into direct and indirect effect (Singh 

and Chaudhary 1985), will support the selection of 

appropriate vegetative traits. Path analysis on cacao for 

some desired character has been reported (Anita-Sari and 

Susilo 2013; Thondaiman and Rajamani 2014; Wardiana 

and Rubiyo 2015; Susilo et al. 2017; Santos et al. 2018) but 

none of them performed on path analysis between 

vegetative traits and white bean percentage/pod.  

Anita-Sari et al. (2016a) reported that fine, and bulk 

cacao showed different anthocyanin and chlorophyll 

content where fine cacao flush contained higher 

chlorophyll level and bulk cacao flush contained higher 

anthocyanin level. A simple method for detection of 

anthocyanin and chlorophyll would be a solution for rapid 

selection assessment of cacao leaves flush. Anthocyanin 



 B IODIVERSITAS 19 (6): 2385-2392, November 2018 

 

2386 

content could be detected by colorimetric measurement 

using chromameter with CIELab color parameters (L*, a*, 

b*, Ho, C*). Han et al. (2008) identified 14 monomeric 

anthocyanins from wine samples, and all were negatively 

correlated with the L*, b* and H values, but positively 

correlated with a* and C values. Assessment on L*, a*, b* 

and anthocyanin content of several cacao clones and found 

that L* and b* of fine cacaos were higher than the bulk 

cacaos while anthocyanin content showed opposite trend 

(Anita-sari et al. 2016b). However, the study only 

conducted in one season. Colorimetric measurement was 

widely used for several other purposes such as determining 

the fermentation degree of cocoa beans (Aculey et al. 2010; 

Romero-Cortes et al. 2013; Ndukwu and Udofia 2016), 

color changes of dragon fruit (Jamaludin et al. 2011), color 

of bell pepper (Romano et al 2012), color of peony (Zhao 

et al. 2012) and color indicator for removal of the violet 

color produced by anthocyanins in cacao extract (Wallace 

and Giusti 2011). 

Another rapid and non-destructive analysis for the 

detection of chlorophyll content is through assessment of 

leaf characters by using SPAD chlorophyll meter. 

Arunyanark et al. (2008) reported a highly significant and 
positive relationships between SPAD value with 
chlorophyll content per unit leaf area and transpiration 
efficiency of groundnut. Therefore this reading is 
recommended to be used as a rapid assessment of relative 
chlorophyll status and as an indirect selection trait for 
groundnut drought tolerance. This SPAD reading was also 
an effective non-destructive tool for assessing total 
chlorophyll concentration and content across a range of 
genotypes, growing conditions and plant ages (Hawkins 
2009). Other studies also mentioned a positive and 

significant correlation between SPAD reading and 

chlorophyll content such as in Arabidopsis (Ling et al. 

2011), thirteen tree species of tropical rainforest in French 

Guiana (Coste et al. 2010), cacao (Ofori et al. 2014), salad 

and parsley (Tuncay 2011) and butterhead lettuce (León et 

al. 2014). The combination of chroma meter and SPAD 

measurement on cacao leaf flush in correlation with white 

bean percentage/pod will be investigated in this study.  

The objectives of this study were to assess genetic 

diversity and parameter of cacao leaf flush and white bean 

percentage/pod and to explore indirect selection criteria of 

leaves flush to white bean percentage/pod for supporting 

early selection marker development in fine cacao breeding 

program. The experiment conducted in two contrasting 

seasons, in order to reveal more information on genetic 

diversity of fine and bulk cacaos.  

MATERIALS AND METHODS 

Study area  

The harvesting of cacao pod and leaves flush were 

conducted at Kaliwining Experimental Station, Indonesian 

Coffee and Cocoa Research Institute (ICCRI), Jember, East 

Java, Indonesia (8°15'29''S, 113°36'41''E) at 45 m above 

sea level. This site soil type was low humic gley, the soil 

texture was silty clay loam and the Schmidt-Ferguson 

climate type was D. Eight cacao genotypes used consisted 

of four bulk cacaos (KW 617, PA 191, SUL 01, MCC 02) 

and four fine cacaos (DR 2, DRC 16, PNT 16, PNT 17). 

These are the collection of ICCRI. Harvesting time 

conducted in two seasons, November 2017 and April 2018, 

respectively. Leaves were harvested in flush stage and pods 

in the mature stage. This experiment arranged in a 

randomized complete block design with three replications. 

Standard cacao culture procedures were used for field 

maintenance (PPKKI 2004). 

Procedures 

SPAD (Soil Plant Analysis Development) value 

The SPAD-502Plus (Konika Minolta, Inc.) chlorophyll 

meter was used for measurement of total chlorophyll 

content of cacao leaves flush. Observations performed on 

five leaves flush for each replicate and each value obtained 

was the average of five readings per flush, one reading 

around the midpoint and four readings of points 3 cm apart 

from the midpoint (Jinwen et al. 2009). A measurement of 

SPAD conducted by inserting a leaf flush into the end of 

the instrument and clamped down. The SPAD measures the 

transmittance of a leaf flush at two wavelengths for 

producing a value of leaf chlorophyll (Parks et al. 2012). 

Calibration of chlorophyll meter was performed by using 

the manufacturer reading checker. 

Chromameter reading 

Chromameter Minolta CR-300 (Konika Minolta, Inc.) 

was used for the determination of CIELab color parameters 

(L*, a*, b*, C* and Ho value) of the leaves flush. Lightness 

index L* measures from no reflection (0=black) to perfect 

reflection (100=white), a* takes positive values for reddish 

colors, and negative values for greenish ones; and b* takes 

positive values for yellowish colors and negative values for 

bluish ones. The values of a* and b* were converted into 

the saturation index or chroma (C*= ) which 

indicates saturation or color purity where high values are 

more vivid and the hue angle (Ho = arctan b*/a*) as a 

measure of tone or color where 0o or 360o was red, 90o was 

yellow, 180o was green, and 270o was blue (Romero-Cortes 

et al. 2013; Hernández-Herrero and Frutos 2015). Prior to 

analysis, the instrument was calibrated with a standard 

white tile (L* = 97.5; a* = 0.4; b* = 1.9) (Madeira et al. 

2003). 

Anthocyanin content  

Determination of anthocyanin content was conducted 

using destruction method (Giusti and Wrolstad 1996). 

Cacao leaves flush were grinded using liquid nitrogen and 

extracted using aqueous acetone (30:70 v/v). This extract 

then re-extracted in chloroform (1:2 acetone:chloroform 

v/v) and stored overnight at 17 oC. The aqueous portion 

was collected and placed in a Büchi rotavapor at 407 oC (5 

to 10 min) until all residual acetone was evaporated. 

Shimadzu UV-2600 UV-VIS spectrophotometer (Shimadzu 

Corp.) was used for spectral measurements at 420, 510 and 

700 nm. Pigment content was calculated as Pelargonidin-3-

glucoside using an extinction coefficient of 31,600 L cm-1 

mg-1 and molecular weight of 433.2 g L-1. 
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Figure 1. Diagram of a*, b*, hue angle Ho and saturation index or 

chroma C* (Madeira et al. 2003) 

 

 

 
       White   Pale  Purple 

  

Figure 2. Gradation of cacao bean color from white to purple 

(Anita-Sari et al. 2013) 

 

 

White bean percentage/pod 

The pod was opened, each bean was de-pulped and 

washed. The white bean percentage per pod was calculated 

as the number of white and or pale color bean (Figure 2) 

per total bean number in each pod (Anita-Sari et al. 2013). 

Temperature and rainfall observation 

The temperature was observed three times a day at 7, 13 

and 18 local times. Average temperature per day was 

calculated from those time. Rainfall intensity was observed 

every day using ombrometer. The measurement of 

temperature, rainfall intensity and the number of rainy days 

were conducted in dasarian (per 10 days). Observations 

performed at Kaliwining Research Station of ICCRI, 

Jember, East Java, Indonesia. 

Data analysis 

Analysis of variance (Anova) was used to reveal the 

seasonal variation and genotype. A T-test was subjected to 

all traits for exploring the distinct trend of the two cacao 

types. This test was also conducted on temperature, rainfall 

intensity and rainy days between two harvesting seasons. 

Measurement of genetic parameter consisted of genetic 

variance (2
g), phenotypic variance (2

p), broad sense 

heritability ( ), the genotypic coefficient of variation 

(GCV), the phenotypic coefficient of variation (PCV) and 

deviation of the genetic variance (2
g).  

Estimation of 
2

g, 2
p and  were based on the 

partition of the Anova for the experiment of several 

seasons in one location (Syukur et al. 2012) as follows: 

 
𝑔

2= [(MSG) – (MSE)]/rs 

𝑝
2  = 𝑔

2  + (𝑔𝑠
2 /s) + (𝑒

2/rs), where 𝑔𝑠
2 =[(MSGS) – (MSE)]/r 

ℎ𝑏𝑠
2 = (𝑔

2 /𝑝
2) x 100 

 
 

Note: =broad sense heritability; 2
g =genotypic 

variance; 2
p =phenotypic variance; MSE=environmental 

variance (Mean Square Error from Anova); MSG=Mean 

Square of Genotypes; MSGS=Mean Square of Genotypes x 

Season; r=number of replications; s=number of seasons. 

 

Estimation of GCV and PCV was conducted as follow: 

 

GCV =  
 𝑔

2

𝑥 
  x 100 

 

PCV =  
 𝑝

2

𝑥 
  x 100 

 

where 𝑥 = mean of a trait  
 

Deviation of genetic variance estimation conducted 

according to Anderson and Bancroft (1952) as follow: 

 

𝟐𝒈 =  
2

𝑟2
 
𝑀𝑆𝐺

2

(𝑑𝑓
𝐺

+ 2)
+ 

𝑀𝑆𝐸
2

(𝑑𝑓
𝐸

+ 2)
  

 
 

Note: 2
g = deviation of genetic variance; MSG = 

Mean Square of Genotypes, MSE = environmental variance; 

r = number of replications; dfG = freedom degree of 

genotypes, dfE = Freedom degree of environmental 

variance. 

 

Correlation of all traits was analyzed then partitioned 

by path analysis (Singh and Chaudhary 1985). Data 

analysis performed with R Studio ver. 1.1.442 and SAS ver 

9.4. 

RESULTS AND DISCUSSION 

Seasonal trend 

Almost all traits showed stability in different seasons 

except anthocyanin content, SPAD value and A/S (Table 

1). Caliskan and Pola (2012) also reported a significant 

interaction between genotype and environment in fig 

phytochemical properties including the anthocyanin 

content. The instability of the SPAD trend in this study also 

showed by spring wheat genotypes planted in a different 

environment. Barutçular et al. (2016) stated that SPAD 
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values were affected by location, sowing time, irrigation, 

and developmental stage where some genotypes showed 

differences in SPAD values at different locations. 

The two harvesting seasons trend was significantly 

different in their temperature, rainfall intensity and the 

number of rainy days according to the T-test (Figure 3). 

Season 1 tend to have a lower daily temperature, rainfall 

intensity/10 days (dasarian) and the number of rainy 

days/dasarian than those of season 2. The onset of rainy 

season in East Java is determined by rainfall intensity ≥ 50 

mm and total rainy days ≥3 days per dasarian, while the 

onset of the dry season is determined by rainfall intensity < 

50 mm and the total of rainy days <3 days per dasarian 
(Ulfah and Sulistya 2015). Therefore season 2 could be 

considered as rainy season and season 1 as dry season.  

Variation of two cacao types 

The tested genotypes performed different respond in all 

traits except for L*, a*, and Ho. However, only six traits 

showed different grouping based on T-test, i.e., L*, a*, b*, 

C*, anthocyanin content and white bean percentage/pod 

(Table 1). The variability of those six traits in fine cacaos 

was higher than that of bulk cacaos (Table 2). The L*, b*, 

C* and white bean percentage/pod value of bulk cacao was 

lower than that of the fine cacao while a* and anthocyanin 

content showed an opposite trend (Table 2). Previous 

studies (Han et al. 2008; He et al. 2011; Liang et al. 2011; 

Stommel et al. 2014; Xue et al. 2016) reported the same 

trend where anthocyanin content showed a positive 

correlation with a* value and negative correlation with L* 

and b* value.  

Anita-Sari et al. (2016b) stated that based on L* and b* 

value, the anthocyanin level of fine cacao was lower than 

that of bulk cacao. That trend was similar to the T-test 

result in this study. The anthocyanin level was proven 

unstable in this two seasons experiment (Table 1) where 

the average in a dry season was 268.37 ppm and in the 

rainy season was 136.64 ppm. This result is in accordance 

with McCallum et al. (2010) where the total anthocyanin 

content of raspberry was affected by seasonal variation, 

and a higher anthocyanin content may be due to the higher 

number of sunshine hours. Compared to the dry season, the 

rainy season in this study showed higher temperature and 

lower anthocyanin accumulation. Man et al. (2015) 

reported that the inhibition of anthocyanin accumulation in 

red-fleshed kiwi was due to high temperature. 

Genetic parameters 

A breeding program required information on the 

variability of a population. Such variability depends on the 

genetic variation and parental inheritance to the progeny 

that determined the appropriate selection method for trait 

improvement and genetic gain prediction (Poehlman et al. 

1995). Heritability was useful to estimate whether a 

character is mostly influenced by genetic or environmental 

factors. High heritability value indicated that genetic 

factors influence was higher than environmental factors 

that affect the phenotypic characters (Syukur and Rosyidah 

2014). 

 

 

 
 

 

Figure 3. Weather conditions of season 2 compared to season 1 

showed (A) warmer temperature, (B) heavier rainfall intensity and 

(C) more rainy days. 

 

 

 

 
Table 1. Analysis of variance and T-test result of eight cacao clones leaf traits and white bean percentage/pod in two harvesting seasons 

showed different stability and variability 

 

Traits 
Mean Square Error 

CV (%) 
T-test 

 (bulk vs fine)  Season (E) Genotype (G)  G*E 

L* 15.803 ns 25.425 ns 20.305 ns 10.44 -2.79 * 

a* 4.080 ns 195.284 ns 267.806 * 65.26 2.15 * 

b* 168.526 ns 91.094 ** 45.706 ** 15.10 -4.00 ** 

C* 221.709 ns 74.691 ** 24.602 ** 11.05 -3.81 ** 

Ho 5.249 ns 0.412 ns 0.557 ns 84.88 1.57 ns 

Anthocyanin (ppm) 178323.920 * 50981.638 ** 28524.257 ** 26.05 2.22 * 

SPAD 290.703 * 15.722 ** 19.663 ** 19.70 0.81 ns 

A/S 4073.112 * 595.583 ** 747.589 ** 27.31 1.36 ns 

S/A 0.028 ns 0.003 ** 0.004 ** 27.72 -1.28 ns 

WBP (%) 56.578 ns 11379.090 ** 7.137 ns 11.99 -35.20 ** 

Note: ans= not significantly different, *=significant at α 5%, **=highly significant at α 1% 

 

A B 

 T-test value (Season 1 vs Season 2) 

Rainfall intensity =-4.39** 

Rainy days =-4.53** 

Temperature =-5.11** 

C 
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Table 2. Descriptive statistic of bulk and fine cacaos harvested in two seasons 

 

Traits 
 Bulk    Fine  

 Mean   Range  SE   Mean   Range  SE 

L* 31.03 26.38-34.81 0.48  34.08 28.61-43.74 0.87 

a* 6.73 2.81-12.19 0.58  3.94 -6.91-12.53 1.03 

b* 13.83 9.59-21.63 0.62  19.74 11.03-30.29 1.20 

C* 1.12 0.81-1.34 0.04  0.71 -1.56-1.56 0.23 

Ho 15.63 11.83-23.00 0.62  20.86 12.55-31.07 1.09 

Anthocyanin (ppm) 277.62 99.41-585.11 29.84  173.21 62.51-562.9 30.90 

SPAD  10.85 5.60-18.50 0.88  9.88 4.80-19.20 0.71 

A/S 31.37 5.43-82.94 4.99  21.17 5.47-69.49 3.92 

S/A 0.06 0.01-0.18 0.01  0.08 0.01-0.18 0.01 

WBP (%) 0.34 0-5.88 0.27   90.26 56.25 - 100.00 2.32 

  

 

 

Table 3. Genetic parameters of bulk and fine cacaos leaf characteristic and white bean percentage/pod harvested in two seasons showed 

wide variability and moderated to high heritability 

         

Traits Mean 2
g 2

p 
  h2

bs (%) 

 

2  GCV PCV 
  Value Criteria   Value Criteria 

L* 32.56 0.85 4.24  20.14 moderate  8.44 narrow 2.8 6.3 

a* 5.33 -1.73 4.65  0 low  9.21 narrow 0 40.4 

b* 16.78 7.56 15.18  50.03 high  28.69 narrow 16.4 23.2 

C* 18.2400 8.35 12.45  67.06 high  23.53 narrow 15.8 19.3 

Ho 0.9200 -0.02 0.07  0 low  1.35 narrow 0 28.5 

Anthocyanin (ppm) 225.41 3742.90 8496.94  44.05 moderate  16037.67 narrow 27.1 40.9 

SPAD 10.38 -0.66 2.62  0 low  5.19 narrow 0 15.6 

A/S 24.07 -25.33 99.26  0 low  187.44 narrow 0 41.4 

S/A 0.07 0.000 0.001  0 low  1.333 narrow 0 31.5 

WBP (%) 45.30 1895.33 1896.51  99.94 high  3576.11 wide 96.1 96.1 

 

 

 
Table 4. The correlation coefficient between leaf traits and white bean percentage/pod of fine and bulk cacaos showed a different trend 

but mostly were correlated with white bean percentage/pods 

 

 a* b* Ho C* ANT CLO A/S S/A WBP 

L* -0.65 ** 0.75 ** -0.64 ** 0.67 ** -0.22  -0.13 -0.26  0.24  0.44 ** 

a* 1.00  -0.50 ** 0.42 * -0.30  0.31  0.12 0.25  -0.31  -0.36 * 

b*   1.00  -0.50 ** 0.96 ** -0.41 * 0.14 -0.43 ** 0.46 ** 0.57 ** 

Ho     1.00  -0.53  0.17  -0.18 0.20  -0.30  -0.25  

C*       1.00  -0.37 * 0.21 -0.40 * 0.44 ** 0.54 ** 

ANT         1.00  -0.31 0.94 ** -0.70 ** -0.39 * 

CLO           1.00 -0.53 ** 0.75 ** -0.16  

A/S            1.00  -0.76 ** -0.29  

S/A              1.00  0.23  

Note: aL*=lightness, a*= red-blue color, b*= yellow-green color, Ho=hue, C*=chroma, ANT=leaf anthocyanin content, CLO=leaf 

SPAD, A/S=ratio anthocyanin/SPAD, S/A=ratio SPAD /anthocyanin, WBP=white bean percentage/pod 

 

 

 

Table 5. Direct (diagonal) and indirect correlation of leaf traits to white bean percentage/pod performed various trends 

 

 b* C* Anthocyanin content SPAD 

rXY 

(Correlation with 

white bean percentage/pod) 

b* 0.413 0.099 0.090 -0.042 0.569 

C* 0.396 0.103 0.074 -0.064 0.537 

Anthocyanin content  -0.182 -0.037 -0.205 0.094 -0.390 

SPAD 0.058 0.022 0.064 -0.303 -0.155 
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According to Stansfield (1991), heritability values were 

categorized as low (<20%), moderate (20-50%) and high 

(>50%). Traits showing high heritability were b* ( = 

50.03%), C* ( = 67.06%) and white bean percentage/pod 

( = 99.94%), which means that the percentage of genetic 

variance was higher than the environmental variation in 

these traits (Table 3). This result is similar to that of Anita-

sari et al. (2016b) where flush L* and b* showed higher 

genetic variation and a* showed higher environmental 

variation.  

This study showed low to high heritability range. 

Anthocyanin heritability in this study was 44.05 (Table 3). 

This value is following a previous study (Onomo et al. 

2015) where heritability of anthocyanin (cyanidine-3-

galactoside and cyanidine-3-arabinoside) were 42-57%. 

The heritability value range of cacao found in this study 

was also showed in Phytophthora megakarya tolerance in 

two populations of cacao with  value 47.6-76.5% 

(Manga et al. 2018) and cacao under drought stress 

condition with  value 43-63% (Ofori et al. 2015). 

Multisite and multiyear cacao experiment was also 

performed a moderate range of heritability ranged from 

0.37 to 0.64 for yield and its components and from 0.03 to 

0.16 for disease resistance traits (DuVal et al. 2017). Low 

to high heritability value (7.45-57.91%) also showed in a 

study on the phenology of flowering and pod maturity on 

some cocoa clones (Anita-Sari and Susilo 2015).  

All traits except for the white-colored bean 

percentage/pod showed narrow genetic variability (Table 

3). The wide variability of cocoa bean color was observed 

by previous research (Asna et al. 2014). Anderson and 

Bancroft (1952) mentioned that wide genetic variance 

happened for a genotypic variation that was twice higher 

than the genotypic variance deviation (2
g > 2 ) while 

low genetic variation showed the opposite trend. 

Meanwhile, high PCV value showed by most of the 

observed trait except L*, C* and SPAD (Table 3). 

However only anthocyanin content (27.1%) and white bean 

percentage/pod (96.1%) performed high GCV. Deshmukh 

et al. (1986) stated that PCV and GCV values considered as 

high for more than 20%, medium 10-20% and low for 

values less than 10%. 

Correlation between leaf traits and white bean 

percentage/pod 

The correlation showed L* (r= 0.44), a* (r=-0.36), b* 

(r= 0.57), C* (r= 0.54) and anthocyanin content (r=-0.39) 

correlated with white bean percentage/pod as the 

benchmark for the distinction of bulk and fine cacao (Table 

4). SPAD value was not correlated with any traits while 

anthocyanin content correlated with b* (r=-0.41) and C* 

(r=-0.37). However, this correlation might not be able to 

describe the relationship between selection traits and the 

main trait, in this study the white bean percentage/pod. 

Therefore, the partitioning of direct and indirect effect 

through path analysis will reveal the real correlation of 

some traits to the targeted trait (Singh and Chaudhary 

1985). 
 

 
 

Figure 4. Leaf b* (yellow-green color) was able to differentiate 

white bean percentage/pod 

 

 

Before subjected to path analysis, data were checked for 

the multicollinearity. Multicollinearity happened when 

samples are correlated which cause the variances 

associated to path coefficient estimate became too high and 

unreliable. Therefore, the selective elimination of variables 

from the regression model could be conducted to minimize 

the problem (Bizeti et al. 2004). According to Montgomery 

et al. (2012) multicollinearity degree of the X ́X matrix was 

established based on its condition number (CN-the ratio 

between the largest and smallest eigenvalue). 

Multicollinearity was considered weak and was not a 

serious problem in the analysis when CN < 100, moderate 

to strong when 100 > CN > 1000 and severe when CN > 

1000. Multicollinearity was found in this study so that only 

some traits involved in the path analysis of this study, i.e., 

b*, C*, anthocyanin content, SPAD value, and white bean 

percentage/pod. 

The results from path analysis revealed that the highest 

direct effect (Table 5) to white bean percentage/pod 

performed by b* (r= 0.413), followed by SPAD value (r=-

0.303), anthocyanin content (r=-0,205) and C* (r= 0.103). 

They showed the same trend between the correlation and 

the direct effect. The positive direct effect of b* to white 

bean percentage/pod indicated that high b* value correlated 

with high white bean percentage/pod. The C* showed the 

high positive indirect effect to white bean percentage/pod 

via b* (r= 0.396). This result proposed the b* traits as 

potential selection trait of fine cacao. Stommel et al. (2014) 

stated that b* and L* inheritance was additive-dominant. 

The b* value in this study fell between yellow-green 

color, which was higher in the fine cacaos but bulk cacaos 

showed relatively more uniform value (Figure 4, Table 2). 

This result was similar to that of Anita-Sari et al. (2016) 

study where fine cacao flush color was lighter with high 

green-yellow level while bulk cacao flush was darker and 

dominantly performed red color with lower yellow color. 

Usenik et al. (2009) also mentioned correlation coefficients 

between anthocyanins and color parameters in ripe plums 

depend on the genotype. 

To conclude, information on genetic diversity and the 

relationship between desired traits will support the 

selection process in plant breeding. Early selection of fine 
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cacaos will support the Indonesian fine-flavor cacao 

breeding. However, this study showed that the genetic 

variability of all vegetative traits was narrow while the 

white bean percentage/pod was wide. High heritability only 

performed by b*, Co and white bean percentage/pod. Only 

b* trait is showing some criteria needed for a selection 

trait. This trait met the selection criteria in cacao breeding 

to differentiate the bulk and fine cacaos based on their 

white bean percentage/pod. This was due to its stability in 

two distinct seasons, high heritability, high correlation and 

direct effect with white bean percentage/pod and 

significant difference between genotypes and two cacao 

types based on analysis of variance and T-test. 

ACKNOWLEDGEMENTS 

The first author is wishing to acknowledge Indonesia 

Endowment Fund for Education (LPDP) Ministry of 

Finance, the Republic of Indonesia for the financial support 

and Indonesian Coffee and Cocoa Research Institute 

(ICCRI) for providing the genetic materials. 

REFERENCES 

Aculey PC, Snitkjaer P, Owusu M, Bassompiere M, Takrama J, Nørgaard 

L, Petersen MA, Nielsen DS. 2010. Ghanaian cocoa bean 
fermentation characterized by spectroscopic and chromatographic 

methods and chemometrics. J Food Sci. 75 (6): S300-S307. 

Anderson RL, Bancroft TA. 1952. Statistical Theory in Research. 
McGraw-Hill Book Company, New York. 

Anita-Sari I, Faizal I, Susilo AW, Marcelinus AS, Nugroho RAP. 2016a. 

Anthocyanin and chlorophyll content in flush as selection markers on 
fine flavor cocoa (Theobroma cacao L.). Pelita Perkebunan 32 (3): 

171-180. 

Anita-Sari I, Setyawan B, Adhiwibawa MAS, Susilo AW. 2016b. 
Chromatographic identification of leaf color characteristics on fine-

flavor and bulk cacao as selection indicator. Pelita Perkebunan 32 (1): 
1-9. 

Anita-Sari I, Susilo AW, Yusianto. 2013. Metode penentuan warna biji 

dalam seleksi klon unggul kakao mulia. Warta Puslitkoka 25 (2): 6-
10. [Indonesian] 

Anita-Sari I, Susilo AW. 2013. Pengembangan kriteria seleksi karakter 

berat biji pada tanaman kakao (Theobroma cacao L.) melalui 
pendekatan analisis sidik lintas. (Development of selection criteria on 

bean weight character of cocoa (Theobroma cacao L.) through path 

analysis approach). Pelita Perkebunan 29 (3): 174-181. [Indonesian] 
Anita-Sari I, Susilo AW. 2015. Phenology of flowering and pod maturity 

on some cocoa clones (Theobroma cacao L). Pelita Perkebunan 31 

(2): 73-80. 
Arunyanark A, Jogloy S, Akkasaeng C, Vorasoot N, Kesmala T, 

Nageswara Rao RC, Wright GC, Patanothai A. 2008. Chlorophyll 

stability is an indicator of drought tolerance in peanut. J Agron. Crop 
Sci. 194 (2): 113-125. 

Asna AC, Presannakumari KT, Minimol JS, Krishnan S. 2014. Variability 

analysis in bean characters of selected accessions of cocoa 
(Theobroma cacao L.). J Plant. Crops (India) 42 (2): 246-251 

Barutçular C, Yıldırım M, Koç M, Akıncı C, Toptaş I, Albayrak O, 

Tanrıkulu A, El Sabagh A. 2016. Evaluation of SPAD chlorophyll in 
spring wheat genotypes under different environments. Fresenius 

Environ Bul 25 (4): 1258-1266. 

Bizeti HS, Carvalho CGPD, Souza JRPD, Destro D. 2004. Path analysis 
under multicollinearity in soybean. Braz Archives Biol Technol 47 

(5): 669-676. 

BPS [Badan Pusat Statistik]. 2017. Ekspor Komoditi Pertanian 
Berdasarkan Kode HS, Sub Sektor Perkebunan Januari-Desember 

2016. BPS, Jakarta. [Indonesian] 

Caliskan O, Polat AA. 2012. Effects of genotype and harvest year on 

phytochemical and fruit quality properties of Turkish fig genotypes. 

Spanish J Agric Res 10 (4): 1048-1058. 
Coste S, Baraloto C, Leroy C, Marcon É, Renaud A, Richardson AD, 

Roggy JC, Schimann H, Uddling J, Hérault B. 2010. Assessing foliar 

chlorophyll contents with the SPAD-502 chlorophyll meter: a 
calibration test with thirteen tree species of tropical rainforest in 

French Guiana. Ann For Sci 67 (6): 607-607. 

Deshmukh SN, Basu MS, Reddy PS. 1986. Genetic variability, character 
association and path coefficient analysis of quantitative traits in 

Virginia bunch varieties of groundnut. Indian J Agric Sci 56: 816-

821.  
DuVal A, Gezan SA, Mustiga G, Stack C, Marelli J, Chaparro J, 

Livingstone III D, Royaert S, Motamayor J. 2017. Genetic parameters 

and the impact of off-types for Theobroma cacao L. in a breeding 
program in Brazil. Front Plant Sci 8: 2059. 

Giusti MM, Wrolstad RE. 1996. Characterization of red radish 

anthocyanins. J Food Sci 61 (2): 322-326. 
Han FL, Zhang WN, Pan QH, Zheng CR, Chen HY, Duan CQ. 2008. 

Principal component regression analysis of the relation between 

CIELAB color and monomeric anthocyanins in young Cabernet 
Sauvignon wines. Molecules 13 (11): 2859-2870. 

Hawkins TS, Gardiner ES, Comer GS. 2009. Modeling the relationship 

between extractable chlorophyll and SPAD-502 readings for 
endangered plant species research. J Nat. Conserv. 17 (2): 123-127. 

He Q, Shen Y, Wang M, Huang M, Yang R, Zhu S, Wang L, Xu Y, Wu 

R. 2011. Natural variation in petal color in Lycoris longituba revealed 
by anthocyanin components. PLoS One 6 (8): e22098. DOI: 

10.1371/journal.pone.0022098. 

Hernández-Herrero JA, Frutos MJ. 2015. Influence of rutin and ascorbic 
acid in color, plum anthocyanins and antioxidant capacity stability in 

model juices. Food Chem 173: 495-500. 

Hoisington D, Khairallah M, Reeves T, Ribaut JM, Skovmand B, Taba, S, 
Warburton M. 1999. Plant genetic resources: What can they 

contribute toward increased crop productivity?. Proc Natl Acad Sci 

USA 96 (11): 5937-5943.   

ICCO [International Cocoa Organization]. 2017. Production of Cocoa 

Beans 2015/2016. Quarterly Bulletin of Cocoa Statistics, Vol. XLIII 
(3). Cocoa year 2016/17. ICCO, Abidjan.  

Jamaludin NA, Ding P, Hamid AA. 2011. Physico‐chemical and structural 

changes of red‐fleshed dragon fruit (Hylocereus polyrhizus) during 
fruit development. J Sci Food Agric 91 (2): 278-285. 

Jinwen L, Jingping Y, Pinpin F, Junlan S, Dongsheng L, Changshui G, 

Wenyue C. 2009. Responses of rice leaf thickness, SPAD readings, 
and chlorophyll a/b ratios to different nitrogen supply rates in paddy 

field. Field Crops Res 114 (3): 426-432. 

León AP, Viña SZ, Frezza D, Chaves A, Chiesa A. 2007. Estimation of 
chlorophyll contents by correlations between SPAD‐502 Meter and 

chromameter in butterhead lettuce. Commun Soil Sci Plant Anal 38 

(19-20): 2877-2885. 
Liang Z, Sang M, Fan P, Wu B, Wang L, Yang S, Li S. 2011. CIELAB 

coordinates in response to berry skin anthocyanins and their 

composition in Vitis. J Food Sci 76 (3): C490-C497. 
Ling Q, Huang W, Jarvis P. 2011. Use of a SPAD-502 meter to measure 

leaf chlorophyll concentration in Arabidopsis thaliana. Photosynth 

Res 107 (2): 209-214. 
Madeira AC, Ferreira A, de Varennes A, Vieira MI. 2003. SPAD meter 

versus tristimulus colorimeter to estimate chlorophyll content and leaf 

color in sweet pepper. Commun Soil Sci Plant Anal 34 (17-18): 2461-
2470. 

Man YP, Wang YC, Li ZZ, Jiang ZW, Yang HL, Gong JJ, He SS, Wu SQ, 

Yang ZQ, Zheng J, Wang ZY. 2015. High‐temperature inhibition of 
biosynthesis and transportation of anthocyanins results in the poor red 

coloration in red‐fleshed Actinidia chinensis. Physiol Plant 153 (4): 

565-583. 
Manga JN, Ondobo ML, Djoko JC, Djocgoue PF. 2018. Heterosis, 

heterobeltiosis, narrow-sense and broad-sense heritabilities for 

Phytophthora megakarya tolerance in two populations of Theobroma 
cacao L. Afr J Biotechnol 17 (14): 495-504. 

McCallum S, Woodhead M, Hackett CA, Kassim A, Paterson A, Graham 

J. 2010. Genetic and environmental effects influencing fruit colour 
and QTL analysis in raspberry. Theor Appl Genet 121 (4): 611-627. 

Montgomery DC, Peck EA, Vining GG. 2012. Introduction to Linear 

Regression Analysis (4th ed). John Wiley and Sons, New Jersey. 



 B IODIVERSITAS 19 (6): 2385-2392, November 2018 

 

2392 

Ndukwu MC, Udofia M. 2016. Kinetics of change in colour and some 

biochemical composition during fermentation of cocoa bean. Cogent 

Food Agric 2 (1): 1268743. 
Ofori A, Konlan S, Dadzie MA, Amoah FM. 2014. Genotypic 

performance of cocoa (Theobroma cacao L.) during establishment 

under natural drought stress. J Crop Improv 28 (6): 804-824. 
Ofori A, Padi FK, Acheampong K, Lowor S. 2015. Genetic variation and 

relationship of traits related to drought tolerance in cocoa (Theobroma 

cacao L.) under shade and no-shade conditions in Ghana. Euphytica 
201 (3): 411-421. 

Onomo PE, Niemenak N, Djocgoue PF, Ondobo ML, Ndoumou DO. 

2015. Heritability of polyphenols, anthocyanins and antioxidant 
capacity of Cameroonian cocoa (Theobroma cacao L.) beans. Afr J 

Biotechnol 14 (36): 2672-2682. 

Parks SE, Irving DE, Milham PJ. 2012. A critical evaluation of on-farm 
rapid tests for measuring nitrate in leafy vegetables. Sci Hortic 134: 1-

6. 

Poehlman JM, Sleper DA, Rudd J. 1995. Breeding Field Crops. Vol. 378. 
Iowa State University Press, Ames, Iowa. 

PPKKI [Pusat Penelitian Kopi dan Kakao Indonesia]. 2004. Panduan 

Lengkap Budi Daya Kakao. AgroMedia Pustaka, Jakarta. 
[Indonesian] 

Romano G, Argyropoulos D, Nagle M, Khan MT, Müller J. 2012. 

Combination of digital images and laser light to predict moisture 
content and color of bell pepper simultaneously during drying. J Food 

Eng 109 (3): 438-448. 

Romero-Cortes T, Salgado‐Cervantes MA, García‐Alamilla P, 
García‐Alvarado MA, del C Rodríguez‐Jimenes G, Hidalgo‐Morales 

M, Robles‐Olvera V. 2013. Relationship between fermentation index 

and other biochemical changes evaluated during the fermentation of 
Mexican cocoa (Theobroma cacao) beans. J Sci Food Agric 93 (10): 

2596-2604. 

Santos EAd, Almeida A-AFd, Branco MCdS, Santos ICd, Ahnert D, 
Baligar VC, Valle RR. 2018. Path analysis of phenotypic traits in 

young cacao plants under drought conditions. PLoS ONE 13 (2): 

e0191847. DOI: 10.1371/journal.pone.0191847. 

Singh RK, Chaudhary BD. 1985. Biometrical Methods in Quantitative 

Genetic Analysis. Kalyani Publishers, New Delhi. 
Stansfield WD. 1991. Theory and Problems of Genetics. Macmillan, New 

York. 

Stommel JR, Pushko M, Haynes KG, Whitaker BD. 2014. Differential 
inheritance of pepper (Capsicum annuum) fruit pigments results in 

black to violet fruit colour. Plant Breed 133 (6): 788-793. 

Susilo AW, Ainurrachmah A, Anita-Sari I, Setyawan B, Taryono T. 2017. 

Heterosis analysis of leaf stomatal characteristics on F 1 population of 

cocoa (Theobroma cacao L.) related to vascular-streak dieback 
resistance. Pelita Perkebunan 33 (3): 147-155. 

Susilo AW, Zhang D, Motilal LA, Mischke S, Meinhardt LW. 2011. 

Assessing genetic diversity in Java fine-flavor cocoa (Theobroma 
cacao L.) germplasm by using simple sequence repeat (SSR) markers. 

Trop Agric Dev 55 (2) 84-92. 

Syukur M, Rosidah S. 2014. Estimation of genetic parameter for 
quantitative characters of pepper (Capsicum annuum L.). J Trop Crop 

Sci 1: 1-7. 

Syukur M, Sujiprihati S, Yunianti R. 2012. Teknik Pemuliaan Tanaman 
(Plant Breeding Technique). Penebar Swadaya, Jakarta. [Indonesian] 

Thondaiman V, Rajamani K. 2014. Correlation and path coefficient 

analysis of yield components in cocoa (Theobroma cacao L.). J Plant. 
Crops (India) 42 (3): 358-363. 

Tuncay O. 2011. Relationships between nitrate, chlorophyll and 

chromaticity values in rocket salad and parsley. Afr. J Biotechnol 10 
(75): 17152-17159. 

Ulfah A, Sulistya W. 2016. Penentuan Kriteria Awal Musim Alternatif di 

Wilayah Jawa Timur (Determining the alternative onset of season 
criteria in East Java area). J Meteorologi Geofisika 16 (3): 145-153. 

[Indonesian] 

Usenik V, Štampar F, Veberič R. 2009. Anthocyanins and fruit colour in 
plums (Prunus domestica L.) during ripening. Food Chem 114 (2): 

529-534. 

Wallace TC, Giusti MM. 2011. Selective removal of the violet color 
produced by anthocyanins in procyanidin‐Rich unfermented cocoa 

extracts. J Food Sci 76 (7): C1010-C1017. 

Wardiana E, Rubiyo R. 2015. Seleksi karakter vegetatif yang berpengaruh 
terhadap jumlah bunga dan buah kakao pada agroekosistem iklim 

kering, Nusa Tenggara Timur. (Selection of vegetative characters 

affecting the number of flowers and fruits of cacao in dry climatic 
agroecosystems, East Nusa Tenggara). Bul Plasma Nutfah 21 (1): 1-8. 

[Indonesian] 

Xue L, Wang Z, Zhang W, Li Y, Wang J, Lei J. 2016. Flower pigment 

inheritance and anthocyanin characterization of hybrids from pink-

flowered and white-flowered strawberry. Sci Hortic 200: 143-150. 
Zhao D, Hao Z, Tao J. 2012. Effects of shade on plant growth and flower 

quality in the herbaceous peony (Paeonia lactiflora Pall.). Plant 

Physiol Biochem 61: 187-196. 

 



 
 

 
 
 
 
 
 

  
Short Communication: Second record of Eumops chiribaya (Chiroptera, Molossidae) in 
Peru  
CÉSAR EDGARDO MEDINA, DARWIN RONALD DÍAZ, BRIAN ANDREW MALAGA, 
YASMY KARINA MEDINA, EVARISTO LÓPEZ 

1979-1984 

Anoa, dwarf buffalo from Sulawesi, Indonesia: Identification based on DNA barcode 
DWI SENDI PRIYONO, DEDY D. SOLIHIN, ACHMAD FARAJALLAH, 
DIAH IRAWATI DWI ARINI 

1985-1992 

Genetic diversity and population structure of Siganus fuscescens across urban reefs 
of Seribu Islands, Northern of Jakarta, Indonesia 
ADITYA BRAMANDITO, BEGINER SUBHAN, TRI PRARTONO, NURLITA PUTRI 
ANGGRAINI, HEDI INDRA JANUAR, HAWIS H. MADDUPPA  

1993-2002 

Ethnoecology: The traditional landscape of Osing Tribe in Banyuwangi, Indonesia 
BUDI PRASETYO, TATIK CHIKMAWATI, EKO BAROTO WALUJO, ERVIZAL AMZU 

2003-2009 

Assessing the status of pinuchu as indicator of socio-ecological resilience of Chaya 
Socio-Ecological Production Landscape, Ifugao, Philippines 
JHOANNA O. SANTIAGO, INOCENCIO E. BUOT JR 

2010-2019 

Spatio-temporal influence of physicochemical parameters on phytoplankton 
assemblage in coastal brackish lagoon: Gomishan Lagoon, Caspian Sea, Iran 
MOHAMMAD JABBARI, MORTEZA SALAHI, RASOUL GHORBANI 

2020-2027 

The diversity of endophytic fungi associated with Piper ningrum in the tropical areas: 
A recent study from Kutai Kartanegara, Indonesia  
SOPIALENA, SUYADI, MUHAMAD SAHIL, JULI NURDIANA 

2028-2034 

Morphometric characteristics of two seagrass species (Enhalus acoroides and 
Cymodocea rotundata) in four small islands in North Maluku, Indonesia 
YUNITA RAMILI, DIETRIECH G. BENGEN, HAWIS H. MADDUPPA, MUJIZAT KAWAROE 

2035-2043 

Ethnobotany of tree ferns in Pasir Menyan Hamlet, Sukamandi Village, Subang, West 
Java, Indonesia  
SURYANA, JOHAN ISKANDAR, PARIKESIT, RUHYAT PARTASASMITA 

2044-2051 

Short Communication: Isolation and identification of actinomycetes potential as the 
antagonist of Dickeya zeae pineapple soft rot in Lampung, Indonesia 
TITIK NUR AENY, JOKO PRASETYO, RADIX SUHARJO, SUSKANDINI R. DIRMAWATI, 
EFRI, AININ NISWATI 

2052-2058 

Ethnobotany of banana plants (Musa x paradisiaca) of Palintang Hamlet, Cipanjalu 
Village, Bandung, West Java, Indonesia.  
JOHAN ISKANDAR, JOKO KUSMORO, MIRA MUBAROKAH, RUHYAT PARTASASMITA 

2059-2072 

Short Communication: Development of selected PGPR consortium to control Ralstonia 
syzygii subsp. indonesiensis and promote the growth of tomato 
YULMIRA YANTI, WARNITA, REFLIN, HASMIANDY HAMID 

2073-2078 

Chromosome numbers of some Asteraceae species from Universitas Indonesia 
Campus, Depok, Indonesia  
ANDI SALAMAH, RIRIN OKTARINA, EKA AYU AMBARWATI, DWI FAUZIYAH PUTRI, 
ASTARI DWIRANTI, NOVIAR ANDAYANI  

2079-2087 

ISSN: 1412-033X  
E-ISSN: 2085-4722 

 
 
 



The mixed cropping of Anthocephalus cadamba and Glycine max for rehabilitating 
sloping lands 
KARYATI, SRI SARMINAH, KARMINI, GUNAWAN SIMANGUNSONG, JEKSON TAMBA 

2088-2095 

Rapid expansion and biodiversity impacts of the red devil cichlid (Amphilophus 
labiatus, Günther 1864) in Lake Sentani, Papua, Indonesia 
HENDERITE L. OHEE, PUGUH SUJARTA, SURIANI BR. SURBAKTI, HOLLY BARCLAY 

2096-2103 

Phytoplankton community structure in the Estuary of Donan River, Cilacap, Central 
Java, Indonesia 
HESTI PRATIWI, ARIO DAMAR, SULISTIONO 

2104-2110 

Short Communication: Cyrtodactylus elok Dring, 1979 (Sauria, Gekkonidae): A first 
country record for Thailand 
YODCHAIY CHUAYNKERN, PECHRKAWIN NURNGSOMSRI, CHANTIP CHUAYNKERN, 
PRATEEP DUENGKAE, SUNATE KARAPHAN 

2111-2117 

Chromosome numbers of some species of Pteris (Pteridaceae) in Java, Indonesia  
TITIEN NGATINEM PRAPTOSUWIRYO, MUGI MUMPUNI 

2118-2126 

Antifungal activity of soybean rhizosphere actinomycetes producing bioactive 
compounds against Fusarium oxysporum  
HIMA DEWI MARIASTUTI, SRI LISTIYOWATI, ARIS TRI WAHYUDI 

2127-2133 

A checklist of medically important flies (Order: Diptera) in the central region of 
Thailand  
TANAWAT CHAIPHONGPACHARA, SEDTHAPONG LAOJUN, NITIWOOT 
JONGVISUTTISAN, PATCHARAPRON TUBSAMUT, APICHAYA DASOM 

2134-2139 

Short Communication: Ethnozoology – The perception of Tobelo Dalam tribal 
community in Saolat Village, East Halmahera, Indonesia towards cuscus 
(Phalangeridae) 
ELIZABETH NOVI KUSUMANINGRUM, JATNA SUPRIATNA, ABINAWANTO, ANOM 
BOWOLAKSONO 

2140-2146 

A checklist of Bombyliidae (Diptera) from Mordovia, Russia and variation of wing 
shape in Bombylius species  
MARIYA ALEXANDROVNA CHURSINA, ALEXANDER BORISOVICH RUCHIN 

2147-2156 

Molecular characterization of Plant Growth Promoting Rhizobacteria using 16S rRNA 
sequences in the organic rice field of Sukorejo Village, Central Java, Indonesia 
SLAMET SANTOSA, SUTARNO, EDI PURWANTO, SURANTO, SAJIDAN 

2157-2162 

Vegetation analysis along the altitudinal gradient of Mt. Ilong, Halcon Range, Mindoro 
Island, Philippines 
ELAINE LOREEN C. VILLANUEVA, INOCENCIO E. BUOT, JR. 

2163-2174 

Population genetics and ecology of Sumatran camphor (Dryobalanops aromatica) in 
natural and community-owned forests in Indonesia 
FAUJIAH NURHASANAH RITONGA, FIFI GUS DWIYANTI, CECEP KUSMANA, ULFAH 
JUNIARTI SIREGAR, ISKANDAR ZULKARNAEN SIREGAR 

2175-2182 

Planting coffee and take care of forest: A case study on coffee cultivation in the forest 
carried out among people of Palintang, Highland of Bandung, West Java, Indonesia 
BUDIAWATI SUPANGKAT ISKANDAR, JOHAN ISKANDAR, RUHYAT PARTASASMITA, 
RAHMAN LATIF ALFIAN 

2183-2195 

Antimicrobial activities of actinomycete isolates from rhizospheric soils in different 
mangrove forests of Torosiaje, Gorontalo, Indonesia 
YULIANA RETNOWATI, SUKARTI MOELJOPAWIRO, TJUT SUGANDAWATY DJOHAN, 
ENDANG SUTARININGSIH SOETARTO 

2196-2203 

Short Communication: Identification of Mildew Locus O (MLO) genes in Durio 
zibethinus genome corresponding with the Powdery Mildew disease 
RAHMAT AZHARI KEMAL, ERIC BERNARDUS L. SANDJAJA, AUDI PUTRA SANTOSA, 
JEREMIAS IVAN 

2204-2212 



Short Communication: Trees species diversity and indicator species in Bedugul forest 
ecosystem, Bali, Indonesia  
SUTOMO, I DEWA PUTU DARMA, ARIEF PRIYADI, RAJIF IRYADI  

2213-2218 

Ideal planting space for merbau (Intsia bijuga) forest plantations in Papua based on 
distance-dependent competition  
ELIESER VIKTOR SIRAMI, DJOKO MARSONO, RONGGO SADONO, MUHAMMAD ALI 
IMRON 

2219-2231 

Knowledge and perception of pelung keepers’s toward chicken contests in West Java, 
Indonesia  
INDRAWATI Y. ASMARA, DANI GARNIDA, MARINA SULISYTATI, SAFITRI TEJANINGSIH, 
RUHYAT PARTASASMITA 

2232-2237 

Molecular identification, abundance and distribution of the coral-killing sponge Terpios 
hoshinota in Bengkulu and Seribu Islands, Indonesia  
RISNITA TRI UTAMI, NEVIATY P. ZAMANI, HAWIS H. MADDUPPA 

2238-2246 

Short Communication: Growth and mortality rate of Black Pomfret Parastromateus 
niger (Bloch, 1795) and Silver Pomfret Pampus argenteus (Euphrasen, 1788) in Paloh 
Waters, West Kalimantan, Indonesia 
ADRIAN DAMORA, DWI ARIYOGAGAUTAMA, RONNY I. WAHJU, HENDRO SUSANTO, 
JOHN WANG 

2247-2251 

Ichthyofauna checklist (Chordata: Actinopterygii) for indicating water quality in 
Kampar River catchment, Malaysia 
CASEY KEAT-CHUAN NG, PETER AUN-CHUAN OOI, WEY-LIM WONG, GIDEON KHOO 

2252-2274 

Bycatch composition of cutlassfish trawlers during fishing season in Bushehr and 
Hormozgan, Persian Gulf, Iran 
AHMAD FOULADI SABET, SEYED YOUSEF PAIGHAMBARI, MOJTABA POULADI, HADI 
RAEISI, REZA ABBASPOUR NADERI 

2275-2282 

Studies on the diversity of macrofungus in Kodaikanal region of Western Ghats, Tamil 
Nadu, India 
BOOBALAN THULASINATHAN, MOHAN RASU KULANTHAISAMY, ARUMUGAM 
NAGARAJAN, SARAVANAN SOORANGKATTAN, JOTHI BASU MUTHURAMALINGAM, 
JEYAKANTHAN JEYARAMAN4, ALAGARSAMY ARUN  

2283-2293 

Inventory of traditional medicinal plants and their uses from Atinggola, North 
Gorontalo District, Gorontalo Province, Indonesia 
NOVRI YOULA KANDOWANGKO, MUKHLISULFATIH LATIEF, RAMPI YUSUF 

2294-2301 

Short Communication:  
Genetic variability of local corn cultivars from Kisar Island, Maluku, Indonesia based 
on morphological characters 
HERMALINA SINAY, RITHA L. KARUWAL 

2302-2307 

Profiles of water quality at Menjangan Besar Island, Karimunjawa, Central Java 
Province, Indonesia 
BAMBANG SULARDIONO, CHURUN A’IN, MAX RUDOLF MUSKANANFOLA 

2308-2315 

Geometric morphometrics species discrimination within the Genus Nemipterus from 
Malaysia and its surrounding seas 
AYESHA IMTIAZ, DARLINA MD NAIM,  

2316-2322 

Characterization of phytochemicals and yield components in various okra 
(Abelmoschus esculentus) genotypes  
MUHARAMA YORA, MUHAMAD SYUKUR, SOBIR 

2323-2328 

Smallholder farmers livestock production on the face of climate change in Bahir Dar, 
Zuria District, Northwestern Ethiopia 
BIMREW ASMARE, FENTAHUN MEHERET 

2329-2334 



Lichen diversity in geothermal area of Kamojang, Bandung, West Java, Indonesia and 
its potential for medicines and dyes  
JOKO KUSMORO, IIN SUPARTINAH NOER, MUHAMAD FEISAL JATNIKA, RIRIN EKA 
PERMATASARI, RUHYAT PARTASASMITA 

2335-2343 

Short Communication: Correlation, path analysis, and heritability of phenotypic 
characters of bread wheat F2 populations 
YUDIWANTI WAHYU, NURWANITA EKASARI PUTRI, TRIKOESOEMANINGTYAS, 
SURJONO HADI SUTJAHJO, AMIN NUR 

2344-2352 

Mass vegetative propagation of rare and endangered tree species of Indonesia by 
shoot cuttings by KOFFCO method and effect of container type on nursery storage of 
rooted cuttings  
HENTI HENDALASTUTI RACHMAT, ATOK SUBIAKTO, ARIDA SUSILOWATI 

2353-2358 

Diversity of uropathogenic Escherichia coli lytic phage from Cisadane River, West 
Java, Indonesia based on morphology and protein molecular weight characteristics  
HAFIZAH ILMI SUFA, SRI BUDIARTI, IMAN RUSMANA 

2359-2364 

Entomopathogenic fungi of soils of freshwater swamps, tidal lowlands, peatlands, and 
highlands of South Sumatra, Indonesia 
AYU SAFITRI, SITI HERLINDA, ARUM SETIAWAN 

2365-2373 

Genetic diversity analysis of daluga (Cyrtosperma merkusii) using Sequence-Related 
Amplified Polymorphism in Siau, Sangihe and Talaud Islands, North Sulawesi, 
Indonesia 
INA ERLINAWATI, ABINAWANTO, ANDI SALAMAH, RUGAYAH 

2374-2380 

Short Communication: Detection of lectin gene (MLL1 and M35) in mulberry plant 
(Morus spp.) from Bogor, West Java, Indonesia 
YASINTA RATNA ESTI WULANDARI, YOGIARA, MICHAEL LIZAR 

2381-2384 

Genetic diversity and indirect selection of fine cacao (Theobroma cacao) based on 
bean color 
LUKITA DEVY, INDAH ANITA-SARI, AGUNG WAHYU SUSILO, ADE WACHJAR, SOBIR 

2385-2392 

 
 
  
 
 
 



GUIDANCE FOR AUTHORS 
 

Aims and Scope Biodiversitas, Journal of Biological Diversity or abbreviated 
as Biodiversitas encourages submission of manuscripts dealing with all 
biodiversity aspects of plants, animals and microbes at the level of the gene, 
species, and ecosystem as well as ethnobiology. 

Article types The journal seeks original full-length research papers, reviews, 
and short communication. Manuscript of original research should be written in 
no more than 8,000 words (including tables and picture), or proportional with 
articles in this publication number. Review articles will be accommodated, while, 
short communication should be written at least 2,000 words, except for pre-study. 

Submission The journal only accepts online submission, through open 
journal system (https://smujo.id/biodiv/about/submissions) or email to the 
editors at unsjournals@gmail.com. Submitted manuscripts should be the 
original works of the author(s). The manuscript must be accompanied by a 
cover letter containing the article title, the first name and last name of all the 
authors, a paragraph describing the claimed novelty of the findings versus 
current knowledge. Submission of a manuscript implies that the submitted 
work has not been published before (except as part of a thesis or report, or 
abstract); and is not being considered for publication elsewhere. When a 
manuscript written by a group, all authors should read and approve the final 
version of the submitted manuscript and its revision; and agree the submission 
of manuscripts for this journal. All authors should have made substantial 
contributions to the concept and design of the research, acquisition of the data 
and its analysis; drafting of the manuscript and correcting of the revision. All 
authors must be responsible for the quality, accuracy, and ethics of the work.  

Ethics Author(s) must obedient to the law and/or ethics in treating the 
object of research and pay attention to the legality of material sources and 
intellectual property rights. 

Copyright If and when the manuscript is accepted for publication, the 
author(s) still hold the copyright and retain publishing rights without 
restrictions. Authors or others are allowed to multiply article as long as not for 
commercial purposes. For the new invention, authors are suggested to manage 
its patent before published. 

Open access The journal is committed to free-open access that does not 
charge readers or their institutions for access. Readers are entitled to read, 
download, copy, distribute, print, search, or link to the full texts of articles, as 
long as not for commercial purposes. The license type is CC-BY-NC-SA. 

Acceptance The only articles written in English (U.S. English) are 
accepted for publication. Manuscripts will be reviewed by editors and invited 
reviewers(double blind review) according to their disciplines. Authors will 
generally be notified of acceptance, rejection, or need for revision within 1 to 2 
months of receipt. The manuscript is rejected if the content does not in line 
with the journal scope, does not meet the standard quality, inappropriate format, 
complicated grammar, dishonesty (i.e. plagiarism, duplicate publications, 
fabrication of data, citations manipulation, etc.), or ignoring correspondence in 
three months. The primary criteria for publication are scientific quality and 
biodiversity significance. Uncorrected proofs will be sent to the corresponding 
author by email as .doc or .docx files for checking and correcting of typographical 
errors. To avoid delay in publication, corrected proofs should be returned in 7 
days. The accepted papers will be published online in a chronological order at 
any time, but printed in January, April, July and October. 

A charge Starting on January 1, 2017, publishing costs waiver is granted 
to foreign (non-Indonesian) authors who first publish the manuscript in this 
journal, especially for graduate students from developing countries. However, 
other authors are charged USD 250 (IDR 3,500,000). 

Reprints The sample journal reprint is only available by special request. 
Additional copies may be purchased when ordering by sending back the 
uncorrected proofs by email. 

Manuscript preparation Manuscript is typed on A4 (210x297 mm2) 
paper size, in a single column, single space, 10-point (10 pt) Times New 
Roman font. The margin text is 3 cm from the top, 2 cm from the bottom, and 
1.8 cm from the left and right. Smaller lettering size can be applied in 
presenting table and figure (9 pt). Word processing program or additional 
software can be used, however, it must be PC compatible and Microsoft Word 
based (.doc or .rtf; not .docx). Scientific names of species (incl. subspecies, 
variety, etc.) should be written in italic, except for italic sentence. Scientific 
name (genera, species, author), and cultivar or strain should be mentioned 
completely for the first time mentioning it in the body text, especially for 
taxonomic manuscripts. Name of genera can be shortened after first 
mentioning, except generating confusion. Name of the author can be 
eliminated after first mentioning. For example, Rhizopus oryzae L. UICC 524, 
hereinafter can be written as R. oryzae UICC 524. Using trivial name should be 
avoided, otherwise generating confusion. Biochemical and chemical 
nomenclature should follow the order of the IUPAC - IUB. For DNA 
sequence, it is better used Courier New font. Symbols of standard chemical 
and abbreviation of chemistry name can be applied for common and clear 
used, for example, completely written butilic hydroxyl toluene (BHT) to be 
BHT hereinafter. Metric measurement use IS denomination, usage other 
system should follow the value of equivalent with the denomination of IS first 
mentioning. Abbreviations set of, like g, mg, mL, etc. do not follow by dot. 
Minus index (m-2, L-1, h-1) suggested to be used, except in things like "per-
plant" or "per-plot". Equation of mathematics does not always can be written 
down in one column with text, in that case can be written separately. Number 

one to ten are expressed with words, except if it relates to measurement, while 
values above them written in number, except in early sentence. The fraction 
should be expressed in decimal. In the text, it should be used "%" rather than 
"percent". Avoid expressing ideas with complicated sentence and verbiage, 
and used efficient and effective sentence. 

Title of the article should be written in compact, clear, and informative 
sentence, preferably not more than 20 words. Name of author(s) should be 
completely written. Name and institution address should also be completely 
written with street name and number (location), postal code, telephone number, 
facsimile number, and email address. Manuscript written by a group, author for 
correspondence along with address is required. First page of the manuscript is 
used for writing above information.  

Abstract should not be more than 200 words. Keywords is about five 
words, covering scientific and local name (if any), research theme, and special 
methods which used; and sorted from A to Z. All important abbreviations 
must be defined at their first mention. Running title is about five words. 
Introduction is about 400-600 words, covering the background and aims of 
the research. Materials and Methods should emphasize on the procedures and 
data analysis. Results and Discussion should be written as a series of 
connecting sentences, however, for manuscript with long discussion should be 
divided into subtitles. Thorough discussion represents the causal effect mainly 
explains for why and how the results of the research were taken place, and do 
not only re-express the mentioned results in the form of sentences. 
Concluding sentence should be given at the end of the discussion. 
Acknowledgments are expressed in a brief; all sources of institutional, private 
and corporate financial support for the work must be fully acknowledged, and 
any potential conflicts of interest are noted.  

Figures and Tables of maximum of three pages should be clearly 
presented. Title of a picture is written down below the picture, while title of a 
table is written above the table. Colored figures can only be accepted if the 
information in the manuscript can lose without those images; chart is preferred 
to use black and white images. Author could consign any picture or photo for 
the front cover, although it does not print in the manuscript. All images 
property of others should be mentioned source. There is no appendix, all data 
or data analysis are incorporated into Results and Discussions. For broad data, 
it can be displayed on the website as a supplement. 

References Author-year citations are required. In the text give the authors 
name followed by the year of publication and arrange from oldest to newest 
and from A to Z. In citing an article written by two authors, both of them 
should be mentioned, however, for three and more authors only the first author 
is mentioned followed by et al., for example: Saharjo and Nurhayati (2006) or 
(Boonkerd 2003a, b, c; Sugiyarto 2004; El-Bana and Nijs 2005; Balagadde et 
al. 2008; Webb et al. 2008). Extent citation as shown with word "cit" should 
be avoided. Reference to unpublished data and personal communication 
should not appear in the list but should be cited in the text only (e.g., Rifai MA 
2007, pers. com. (personal communication); Setyawan AD 2007, unpublished 
data). In the reference list, the references should be listed in an alphabetical 
order (better, if only 20 for research papers). Names of journals should be 
abbreviated. Always use the standard abbreviation of a journal's name 
according to the ISSN List of Title Word Abbreviations (www.issn.org/2-
22661-LTWA-online.php). The following examples are for guidance. 
Journal:  
Saharjo BH, Nurhayati AD. 2006. Domination and composition structure 

change at hemic peat natural regeneration following burning; a case study 
in Pelalawan, Riau Province. Biodiversitas 7: 154-158. 

Book: 
Rai MK, Carpinella C. 2006. Naturally Occurring Bioactive Compounds. 

Elsevier, Amsterdam. 
Chapter in book: 
Webb CO, Cannon CH, Davies SJ. 2008. Ecological organization, 

biogeography, and the phylogenetic structure of rainforest tree 
communities. In: Carson W, Schnitzer S (eds) Tropical Forest Community 
Ecology. Wiley-Blackwell, New York. 

Abstract: 
Assaeed AM. 2007. Seed production and dispersal of Rhazya stricta. 50th 

annual symposium of the International Association for Vegetation 
Science, Swansea, UK, 23-27 July 2007. 

Proceeding: 
Alikodra HS. 2000. Biodiversity for development of local autonomous 

government. In: Setyawan AD, Sutarno (eds.) Toward Mount Lawu 
National Park; Proceeding of National Seminary and Workshop on 
Biodiversity Conservation to Protect and Save Germplasm in Java Island. 
Universitas Sebelas Maret, Surakarta, 17-20 July 2000. [Indonesian] 

Thesis, Dissertation: 
Sugiyarto. 2004. Soil Macro-invertebrates Diversity and Inter-Cropping Plants 

Productivity in Agroforestry System based on Sengon. [Dissertation]. 
Universitas Brawijaya, Malang. [Indonesian] 

Information from internet: 
Balagadde FK, Song H, Ozaki J, Collins CH, Barnet M, Arnold FH, Quake 

SR, You L. 2008. A synthetic Escherichia coli predator-prey ecosystem. 
Mol Syst Biol 4: 187. www.molecularsystemsbiology.com 

 



 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Front cover: Calf of lowland anoa (Bubalus depressicornis) 
  (PHOTO: CHESTER ZOO) 

 

Published bimonthly PRINTED IN INDONESIA 

E-ISSN: 2085-4722 
 

ISSN: 1412-033X  
 


