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Abstract. Hedayati A, Pouladi M, Vazirizadeh A, Qadermarzi A, Mehdipour N. 2017. Seasonal variations in abundance and diversity of
copepods in Mond River estuary, Bushehr, Persian Gulf. Biodiversitas 18: 447-452. The present study was carried out to investigate the
abundance and biodiversity of copepods from Mond River (MR) estuary, Bushehr, the Persian Gulf during 4 seasons and their
relationships with environmental factors. The water samples were collected in mid-season from spring 2012 to winter 2013 for one year
period. Copepod samples were collected by using of 140 µm plankton net with 25 cm mouth diameter and vertical towing in all stations.
Copepod assemblages were comprised of 4 orders, 13 families, and 10 genera. Orders were included; Calanoida, Cyclopoida,
Poecilostomatoida, Harpacticoida and Genera were included: Cathocalanus, Acrocalanus, Paracalanus, Subeucalanus, Centropages,
Temora, Calanopia, Labidocera, Pontella, Acartia, Oithona, Oncaea, Corycaeus, Microsetella, Microsetella and Euterpina. The order
Calanoida with 10 genera was the most diverse and dominant order between Identified orders. The means (±SE) of copepods abundance
were recorded in spring (5853.4±1826.19 Individual m-3), in summer (6707.6±1930.15 Ind. m-3), in fall (4393.6±1263.37 Ind. m-3) and
in winter (3400±763.98 Ind. m-3), respectively. Simpson and Shannon-Wiener biodiversity indices were obtained in spring (0.87±0.11
and 2.86±0.19), in summer (0.89±0.006 and 3.11±0.15), in fall (0.86±0.13 and 2.66±0.2) and in winter (0.83±0.12 and 2.39±0.15),
respectively. The copepod assemblages had most amounts of diversity and abundance at station 5 in all seasons. Pearson correlation
showed a significant correlation between copepod diversity and abundance with salinity, pH and temperature. Results showed that
salinity factor was more effective environmental factor on Simpson (0.01> P and r=0.783) and Shannon-Weiner indices (0.01> P and
r=0.727), and copepods abundance (0.01> P and r=0.664) in MR estuary.
Keywords: Abundance, copepod, diversity, environmental factor, Mond Estuary

INTRODUCTION
Estuaries form a transfer region between marine
environments and rivers and are subject to both marine
influences such as waves, tides, and the invasion of saline
water and riverine influences, such as currents of fresh
water and sediment. The currents of both fresh water and
sea water prepare high levels of nutrients in the water
column and sediment, making estuaries among the most
productive natural habitats (McLusky and Elliott 2004;
Lam-Hoai et al. 2006). Zooplankton communities are ideal
candidates for the study of the ecosystem reaction to
climate variations because their life cycles are short, then
assemblages have the potential to respond and reflect
event-scale and seasonal variations in environmental
situations. Moreover, many zooplankton taxa are known to
be indicator species whose presence or absence may
illustrate the relative influence of different water types on
ecosystem structure. Thus zooplankton may serve as
sentinel taxa that reflect changes in marine environments
by preparing early indications of a biological response to
climate changes (Mackas et al. 2001; Hays et al. 2005;
Hooff and Peterson 2006).
Copepods are playing a key role in the food webs in the
oceans and are known as secondary producers. They make

the link between phytoplankton and microzooplankton and
higher levels of food chains, such as macrozooplankton and
planktivorous fishes (Ohman and Hirch 2001; Kimmel
2011; Calbet et al. 2001; Frangouils et al. 2004). So far,
many types of research on zooplankton including copepods
have been done in the Persian Gulf waters (Michel and
Herring 1984; Al-Khabbaz and Fahmi 1994; Savari et al.
2004; Farhadian and Pouladi 2014, Reazi et al. 2014). Due
to the importance of copepods in marine ecosystems and
the lack of sufficient information in relation to these
planktonic assemblages in Mond estuary, the aim of this
study was to identify copepod species and calculation of
their diversity and density in different seasons in relation to
environmental factors in MR estuary.
MATERIALS AND METHODS
Study area
The study area was located in the MR estuary, the
southeastern part of Bushehr province, and north of Persian
Gulf, Iran. Along MR estuary, five sampling stations were
determined based on environmental gradients of flow
dynamics and mixing of fresh and coastal waters, depth,
tides, river flow and geo-morphological features (Figure 1).
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(mL), V2 :The exact size of the original sample (mL), V:
Volume of water filtered by plankton net (m3)
The Shannon-Wiener diversity index (Hʹ) (Shannon and
Weaver 1948) and Simpson diversity index (D) (Simpson
1949) were used for species diversity as following:
(2)
(3)
Pi: the relative abundance of the ith taxon, S: total
number of taxa
One-way ANOVA was performed to test significant
seasonal differences in copepod abundance, diversity and
water quality factors. Data were presented as means ±
standard error of means. All data met the parametric test
assumptions (normal distribution, homogeneity of variance,
independence and randomness of the data). Data was
transformed by Arcsin-square root to ensure a normal
distribution (Zar 1984). All statistical analysis was carried
out by using SPSS version 18.0 and diversity indices were
calculated by using Ecological Methodology, version 6.0
(Krebs 1999).

Figure 1. Sampling stations in Mond River estuary, Persian Gulf,
Bushehr, Iran

Procedures
Seasonal samplings were carried out in the middle of
each season for one year period from May 2012 to
February 2013. Water temperature and pH were recorded
by Mercury thermometer and pH meter model WTW.
Salinity was recorded by using Atago S/Mill refractometer.
Dissolved oxygen was measured by YSI 51 Oxygen meter
(Model OH, USA) and transparency was obtained by
Secchi depth plate. Copepod samples were collected by
using of 140 µm plankton net with 25 cm mouth diameter
and vertical towing in all stations with three subsamples of
each station for measurement of abundance and diversity.
All sampling activities were accomplished in high tide
times. For determination of copepod abundance, three subsamples from each sample with a volume of 10 mL were
prepared and were poured in Bagarov’s chamber. Counting
and identification of copepod communities were done by
using of laboratory loop (Olympus, SZ6045, Japan) with
magnification of 6 and invert microscope (model CETI,
making Belgium) with magnification of 40 and seawater
and brackish water zooplankton keys (Fernando 2002;
Conway et al. 2006; Ali et al. 2009). The following
formula was used to calculate the abundance of copepod
(Omori and Ikeda 1984):
D = (N / V1) × V2 /V

(1)

D: Copepod abundance, N: Number of individuals in
the sample, V1: Volume of the sample used for counting

RESULTS AND DISCUSSION
The copepod communities in Mond River estuary were
comprised of 4 orders, 13 families and 10 genera (Table 1).
Genera were including, i.e. Cathocalanus, Acrocalanus,
Paracalanus, Subeucalanus, Centropages, Temora,
Calanopia, Labidocera, Pontella, Acartia, Oithona,
Oncaea, Corycaeus, Microsetella, Microsetella and
Euterpina. Among the identified copepods, Acartia fossae
(587±295 Individual m-3), Acartia sp. (467±266 Ind. m-3)
and copepod nauplii (1000±303 Ind. m-3) in spring, Acartia
sp. (547±289 Ind. m-3) and Acartia ohtsukai (426±182 Ind.
m-3) and copepodite (453±148 Ind. m-3) in summer, Acartia
fossae (400±193 Ind. m-3), Acartia sp. (307±185 Ind. m-3)
and copepod nauplii (626±185 Ind. m-3) in fall, Labidocera
sp. (346±154 Ind. m-3), Acartia fossae (333±216 Ind. m-3)
and copepod nauplii (426±116 Ind. m-3) in winter had the
highest abundance, respectively. During sampling period;
Temora discaudata, Calanopia elliptica, Acartia fossae,
Acartia sp. and Oithona brevicornis had the most presence
and Centropages orsinii and Pontella sp. showed the least
presence in the estuary environment (Table 1).
Most population abundance of copepods were observed
in station 5 in the mouth of estuary in all seasons that were
(12733±1930 Ind. m-3) in spring, (14067±3154 Ind. m-3) in
summer, (9467±1268 Ind. m-3) in fall and (6267±1314 Ind.
m-3) in winter, respectively (Figures 2). Among Copepods,
calanoids were the dominant assemblages in MR estuary.
Cyclopoid and calanoid copepods are dominant
holoplanktonic zooplankton in some estuaries. They are
main grazers of microzooplankton and phytoplankton and
they play the role of prey for zooplanktivorous fishes and
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invertebrates (Benfield 2013). A similar situation has been
reported in other estuaries (Primo et al. 2009; Hwang et al.
2010; Xuelu et al. 2011; Farhadian and Pouladi 2014).
Also, copepods nauplii as a wide variety of species were
observed in Mond River estuary, which occurred in
appreciable amounts. Copepods nauplii, copepodites and
adult stages of smaller copepods are important grazers and
essential food sources for critical fish larval stages and are
considered to be an important component of the marine
trophic web (Webber and Roff 1995).
Change of species composition and community
structure can be explained numerically with species
diversity (Kulshreshta et al. 1989). The diversity of
zooplankton species in aquatic ecosystems is linked to its
abundance. High diversity might indicate larger food chain,
inter-specific interaction and stability among the estuarine
zooplankton
community
(Varadharajan
and
Soundarapandian 2013). Highest amounts of copepods
Simpson and Shannon-Weiner diversity were obtained in
station 5 that were (0.91±0.003) and (3.52±0.092) in
spring, (0.91±0.02) and (3.63±0.28) in summer, (0.9±0.01)
and (3.36±0.14) in fall, (0.88±0.009) and (2.96±0.14) in
winter, respectively (Figures 3 and 4). In comparison the
seasons were studied, summer with the average abundance
(6707±1930) an average Simpson (0.89±0.006) and
Shannon-Weiner (3.11±0.15) had highest amounts and
winter with average abundance (3400±763) an average
Simpson (0.83±0.12) and Shannon-Weiner (2.39±0.15) had
lowest amounts, respectively (Table 2).
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The seasonal average of temperature and dissolved
oxygen were 23.92 °C and 8.28 mg L-1 in spring; 33.4 °C
and 6.87 mg L-1 in summer; 19.54 °C and 7.39 mg L-1 in
fall, and 14.8 °C and 9.46 mg L-1 in winter, respectively.
The seasonal average of water transparency, salinity and
pH were 43.6 cm, 28.2 ppt and 8.2 in spring; 44.8 cm, 38.8
ppt and 8.1 in summer; 46 cm, 35.8 ppt and 8.1 in fall and
49.8 cm, 25.2 ppt and 8.15 in winter, respectively (Table
3).

Figure 2. Seasonal abundance (Mean ±SE) of copepods at
different stations in Mond River estuary (0.05> P)

Calanoida

Cathocalanus pauper
Acrocalanus longicornis
Paracalanus sp.
Paracalanus indicus
Subeucalanus flemingeri
Centropages orsinii
Temora discaudata
Temora Turbinata
Calanopia elliptica
Labidocera sp.
Labidocera minuta
Pontella sp.
Acartia fossae
Acartia sp.
Acartia ohtsukai
Oithona attenuata
Cyclopoida
Oithona brevicornis
Oithona sp.
Poecilostomatoida Oncaea sp.
Corycaeus sp.
Corycaeus agilis
Microsetella sp.
Harpacticoida
Macrosetella sp.
Euterpina sp.
Copepodite larvae
Others
Nauplii larvae

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

Winter

Identified copepod

Summe
r
Fall

Order

Spring

Table 1. Comparison of copepods presence (*) during different
seasons in Mond River estuary

*
*
*
*
*
*
*

*
*

Figure 3. Shannon-Weiner diversity (Mean ±SE) of copepods at
different stations in Mond River estuary (0.05> P)

*
*

*
*
*
*
*
*

*
*
*
*

*
*
*
*
*
*

*
*

*

*
*
*

*
*
*

Figure 4. Simpson diversity (Mean ±SE) of copepods at different
stations in Mond River estuary (0.05> P)
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Table 2. Mean (±SE) of copepods abundance and diversity indices in different seasons in Mond River estuary (0.05> P)
Index

Spring

Summer

Fall

Winter

Abundance
Simpson
Shannon-Weiner

5853.4±1826.19 a
0.87±0.11 ab
2.86±0.19 ab

6707.6±1930.15 a
0.89±0.006 a
3.11±0.15 a

4393.6±1263.37 a
0.86±0.13 bc
2.66±0.2 ab

3400±763.98 a
0.83±0.12 c
2.39±0.15 b

Table 3. Mean (±SE) of water quality factors in different seasons in Mond River estuary (0.05> P)
Parameters

Spring

Summer

Salinity (ppt)
28.2±4.21bc
38.8±1.68a
-1
b
Dissolved Oxygen (mg L )
8.28±0.15
6.87±0.22c
a
pH
8.2±0.025
8.1±0.013b
Temperature (OC)
23.92±0.16b
33.4±0.5a
b
Transparency (cm)
43.6±0.68
44.8±1.16b
Note: Values with different letters indicate significant mean differences

Fall

Winter

35.8±1.53ab
7.39±0.11c
8.1±0.06b
19.54±0.2c
46±1.05b

25.2±4.19c
9.46±0.38a
8.15±0.045ab
14.8±0.33d
49.8±1.5a

Table 4. Pearson correlation between some of water properties with abundance and biodiversity indices in Mond River estuary, Persian
Gulf, Iran
Correlation

Abundance

Simpson Index

Shannon-Weiner Index

Pearson Correlation
0.664**
0.783**
0.727**
Sig. (2-Tailed)
0.001
0.001
0.001
Dissolved Oxygen
Pearson Correlation
-0.056
-0.243
-0.370
0.302
0.108
Sig. (2-Tailed)
0.816
pH
Pearson Correlation
0.541*
0.453*
0.322
Sig. (2-Tailed)
0.014
0.045
0.166
Temperature
Pearson Correlation
0.452*
0.652**
0.734**
0.002
0.001
Sig. (2-Tailed)
0.045
Transparency
Pearson Correlation
0.182
0.019
-0.156
Sig. (2-Tailed)
0.441
0.936
0.512
Note: * Correlation is significant at the 0.05 level, ** Correlation is significant at the 0.01 level. Data in parentheses are significant level
Salinity

Correlation between water parameters with copepods
abundance and diversity indices are presented in (Table 4).
The results showed that there were positive correlation
between copepods abundance and salinity (0.01> P and
r=0.664); Simpson diversity and salinity (0.01> P and
r=0.783); Shannon-Wiener diversity and salinity (0.01> P
and r=0.727); copepods abundance and pH (0.05> P and
r=0.541); Simpson diversity and pH (0.05> P and r=0.453);
copepod abundance and Temperature (0.05> P and
r=0.452); Simpson diversity and Temperature (0.01> P and
r=0.652); Shannon-Wiener diversity and Temperature
(0.01> P and r=0.734) (Table 4).
Generally, Copepods productions are related to range of
biological parameters such as egg productions, successful
egg blossoming, survival and growth of nauplii, the
copepodite stages, the median age, adult sex ratio and
access to food and non-biological factors such as
temperature, salinity, dissolved oxygen, the acidity and
other parameters Their reproductive cycles, growth,
reproduction and survival rates are all important factors
that affecting fish resources (Harris et al. 2000; Roman et
al. 2005; Knuckey et al. 2005; Prabhahar et al. 2011).

Salinity was positively correlated with the copepods
abundance, Shannon-Weiner and Simpson diversity indices
(0.01> P). The salinity in Bushehr coastal waters is affected
by the general trend of salinity variation in the Persian Gulf
which is depended on the current entering from the Indian
Ocean and Oman Sea into the Persian Gulf, and mixing of
low saline-freshwater of Mond and Helleh Rivers with high
saline seawater (Kamp and Sadrinasab 2006; Aein Jamshid
et al. 2014). Salinity is the most important factor
influencing the community structure of zooplankton
assemblages in tropical estuaries. Development of a salinity
gradient from the upstream areas to the sea in estuaries is
mainly due to strength of diurnal tidal current and the
volume of freshwater flow from the upstream (Nasser et al.
1998; Mishara and Panigrahy 1999; Lee et al. 2006; Hwang
et al. 2010). The greatest numbers of species occur in more
saline waters, and species diversity tends to decrease with
decreasing salinity. Distribution of major groups of
zooplankton populations is governed by various behavioral
and physiological adaptations of the plankton population to
ever changing hydrographical conditions (Mann 2000).

HEDAYATI et al. – Copepod biodiversity in Mond River estuary, Persian Gulf

The pH was in alkaline range and showed a positive
correlation with copepods abundance and diversity (0.05>
P). MR basin has formed of alluvial and alkaline soils,
therefore, it is expected to have alkaline water. Alkaline pH
makes soluble carbon compounds such as calcium
carbonate and bicarbonate usable for photosynthesis
production and increasing the amount of chlorophyll a
(Day et al. 1989). Natural plankton biomass increases
within the pH range from 8 to 9 (Pedersen and Hansen
2003). The pH varies with aquatic acid-base balance. High
pH may enhance the toxicity of some chemical compounds
in the aquatic environment, thereby negatively affecting the
health, feeding, and survival of marine copepods. However,
little is known about the effects of pH on the physical
ecology of marine plankton (Pedersen and Hansen 2003;
Liu 2004; Li et al. 2008).
Many studies have reported that temperature is an
important physical factor affecting plankton distribution. It
can directly or indirectly impact the distribution of
zooplankton, including copepod (Nakata et al. 2004; Bigler
et al. 2006; Pipan et al. 2006). The results showed that
there was a positive correlation between diversity (0.01> P)
and density (0.05> P) of copepods with temperature which
is corresponded with increasing the density of copepods in
summer and decreasing of them in winter. In many
ecosystems, the abundance of copepods is greatly affected
by factors such as temperature and the amount of food in
the water that it has a significant impact on the regulation
of egg production and its growth (Niehoff 2007). The cold
season results showed a decline in copepod population.
Yahia et al. (2004) study showed that with decreasing
temperature in cold months and subsequently lower food
reserves, the abundance of copepods nauplii were reduced,
which represent a reduction in egg productions and the
number of adults in the cold season. Typically, with
increasing of sunlight intensity in summer, the rate of
photosynthesis and subsequently phytoplankton production
rises that could lead to an increase in the diversity and
density of herbivorous creatures (Madhu et al. 2007). Other
studies in other parts of the Persian Gulf and the Indian
Ocean have reported similar results (Michel and Herring
1984; Abdel-Aziz et al. 2007; Pouladi et al. 2014).
To conclude, this study revealed that the most diversity
and abundance of copepod assemblages were at 5 stations
in the mouth area of the estuary during all seasons and
showed a positive correlation with salinity, pH, and
temperature. Since few studies have been done in the
estuaries of Persian Gulf, therefore, it is recommended to
consider other planktonic assemblages for better perception
of plankton roles in food webs in estuaries.
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Abstract. Partasasmita R, Atsuary ZIA, Husodo T. 2017. The use of forest canopy by various bird species in tropical forest montana
zone, the Nature Reserve of Mount Tilu, West Java, Indonesia. Biodiversitas 18: 453-457. Availability of vertically or horizontally space
on a habitat is needed by birds for their activities. Forest is the habitat that provides vertical space strata more numerous and tends to be
inhabited by various species of birds more diverse. Strata of trees canopy provide the resources needed by various species of birds,
therefore allowing each canopy strata is utilized by certain bird species. This research aimed to study the use of strata of trees canopy by
various species of birds in a tropical forest montana zone, Mount Tilu Nature Reserve, West Java, Indonesia. Opportunistic spot
observation of individual was used to study the activity and the use of space by birds. The results showed that the use of layers of the
forest canopy by birds that Emergent: 4 species, Canopy: 29 species, Sub-canopy: 16 species, understorey: 25 species and Ground: 11
species. The use of space position on plants by birds was space on canopy by eight species, space at the edge of canopy by 33 species,
space in canopy by 34 species, space under canopy by 19 species and on the ground by 11 species, with seven species capable of using
three space positions on plants. The highest similarity index of canopy layers uses was between canopy and sub canopy layers, with
percentage 57.63%. The highest similarity index of position uses was between position of space at the edge of canopy and space in
canopy with percentage 53.73%.
Keywords: Bird, forest canopy layer, Mount Tilu Nature Reserve, space utilization

INTRODUCTION
Although birds can be found in a variety of ecosystems
and occupy various habitat types, at the level of species,
bird show picking specific places for life (Partasasmita et
al. 2009; Krebs and Davis 1978). This is because the birds
require certain conditions to the needs of habitat, habitat
that fit their needs and is safe from various disorders
(Tortosa 2000; Wisnubudi 2009). The availability of food,
as a shelter, nesting, material nest, where chirping, and a
common sighting vegetation of the habitat are all factors
influencing the habitat use by birds’ (Welty and Baptista
1988; Wiens 1992; Miller and Cale 2000; Susanto et al.
2016). Birds in using space habitat are done either
horizontally or vertically (Wisnubudi 2009; Partasasmita et
al. 2010). Study habitat use by birds in the area have been
carried subtropical forests (Peterson 1980; Anderson and
Ohmart 1983), but the study of the use of space habitat by
various species of birds in the tropical forests are still rare,
particularly in the mountain forests of Indonesia.
The forest area in West Java, which has a high
biodiversity and many species have protected status and is
an area of endemic montane forests. Almost all animal
species endemic to Java, including species of birds can be
found in the mountain forests (Whitten et al. 1996),
particularly in the area of the Nature Reserve of Mount
Tilu, i.e. Waringin and Dewata block section as much as 79

species of birds (Atsaury and Partasasmita 2016). In the
forest, the birds use the space habitat, either vertically or
horizontally, to move in meeting their needs (Anderson et
al. 1979; Johnsingh and Joshua 1994). In the use of space
by birds indicates that certain vegetation canopy layer birds
use longer than other canopy layer, so that it can be said
that the birds of the canopy layer. Peterson (1980) stated
that the spread of bird vertically is indicated in the
utilization by different species of birds in their entirety on a
tree.
The condition of the vegetation shows that the
appearance of vegetation structure associated with the
presence of bird species within a habitat. The structure of
vegetation is one of the key factors affecting bird species
richness at the local level (Wiens 1992; Partasasmita et al.
2010, 2016). The structure of forest vegetation is still good
in the mountain forests remaining in the area of West Java,
one of which is a forest on Mount Tilu Nature Reserve.
This study aims to determine the use of space in the forest
canopy layer by various species of birds.

MATERIALS AND METHODS
Site of study
Forests in the Nature Reserve of Mount Tilu (CAGT)
represents the ecosystem types highland rain forest and one
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forest in West Java which is still relatively intact. The
region is a mountainous area with an altitude of between
1,000 and 2,434 m above sea level. CAGT forest had an
area of approximately 8,000 ha and designated as a nature
reserve status based on the Minister of Agriculture No.
68/Kpts/Um/1978, dated February 7, 1978 (Siswoyo et al.
2005). The research location is situated in the area of
Mount Tilu Nature Reserve namely in the area of Mount
Dewata and Mount Waringin. Mountains of the Dewata has
an altitude of 1,840 m above sea level, while Mount
Waringin has an altitude of 2,035 m above sea level. The
second location is the adjacent mountain and located north
of the Chakra Dewata Co. Ltd. (PT. Chakra Dewata) tea
plantation. This is located in the area CAGT. Mountain
Dewata and Mount Waringin has the characteristics of an
unspoiled as bird habitat in the mountainous areas.
The procedures
The method used in this research was the field surveys.
Point count method (Bibby et al. 2000) was used to capture
data on the composition and diversity of bird species.
Identification of species of birds made with reference to the
Handbook Field Introduction The birds in Sumatra, Java,
Bali, and Borneo (MacKinnon et al. 2000). Vegetation data
retrieval is done by using the profile diagram (MuellerDombois and Ellenberg 1974). Collecting data on
vegetation vertically usage by bird observations performed
with the focus method individually (Holmes et al. 1979).
This method is used for data collection that is both
instantaneous (spontaneous) when the object was found,
along with the collection of data on the number of bird

species in the point count. The pattern of data collection is
done on an individual species that perform activities in a
particular canopy layer is considered to represent other
individuals within the same species or another species that
is different but has the characteristics of the species
(mixed-species flocks).
Categories of activities recorded are grouped into four
categories (Anderson et al. 1979), namely: meal (gather,
eat meals at the bottom vegetation, tree trunks, branches,
leaves, flowers, fruits and included hunting or eating
insects while flying on vegetation) ; voice (sound or chirp);
move (migrate in sample plots); break (perch and other
activities such as defecation and investigate). Then added
also the miscellaneous category, which includes activities
in addition to the four previous activity, such as intra and
inter activity interactions with same species or other
species. The data collected included height of the bird from
the ground and the position of the bird in plants, as in the
illustration Figure 2 and 3. Mechanical division of space
used by birds was a modification of the use of space (I to
V) by a bird on a vertical structure of vegetation (trees)
conducted by Pearson (1971).
Data analysis
The data were analyzed by using a diversity of species
diversity index of Shannon-Wiener (Magurran 1988), a
community of species similarity index (Sorensen 1948).
The use of space by virtue of the bird analyzed index
(Natarajan and Jhingran 1961), and the use of selection
space (Jacobs 1974).

Δ
Gunung Dewata

Δ
Gunung Waringin

Dewata

Figure 1. Research area in the Mount Tilu Nature Reserve, West Java, Indonesia. Insert: PT. Chakra Dewata tea plantation
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Figure 2. The space division of the tree canopy layer in its use by
birds (Pearson 1971). Note: Axis X = wide canopy (m); Axis Y =
canopy height (m); Position I: if the bird occupies the space at the
top canopies; Position II: if the bird occupies the space at the
outer edges of the canopy; Position III: if the bird occupies space
in the interior of the canopy; Position IV: if the bird occupies the
space at the bottom of the canopy; Position V: if the bird at the
position in the main trunk or the ground surface

RESULTS AND DISCUSSION
Composition and bird diversity
Bird species found in the study site as many as 65
species of 24 families. The species most commonly found
species from family Turdidae and Sylviidae as many as six

species, while the fewest species originating from Sittidae
family, Laniidae, Corvidae, Chloropsidae, Bucerotidae, and
Aegithinidae each of which consists of only one species.
Many say the least species that can coexist in an ecosystem
is closely related to their ecological role and availability of
food in nature (Partasasmita 2009; Susanto et al. 2016).
Based on the categorization of Magguran (1988), that
the diversity index of birds in the area Mount Dewata and
Mount Waringin is moderate, it is because the value of
diversity index (H ') was in the range of 1.5-3.5. This is
similar to the results of research Susanto et al. (2016),
Widodo (2014) that the Forest Park Seblat Bengkulu, and
the Galunggung forest has a value of bird diversity medium
category. Meanwhile, the bird community similarity index
(ISS) between the two regions was 64.58%. Based on the
categorization by Sorensen (1948), ISS> 50% suggests a
commonality community is high.
Mountain Dewata and Mount Waringin differ from
each other even though few in number. Several factors such
as the complexity of the plant canopy layer, plants
diversity, the presence of predators, human activity, to a
height and contour of the mountain each create a slightly
different ecological condition. Differences in bird
communities that occupy a variety of different types of
vegetation can be characterized by the use of characteristic
vegetation vertically on each habitat occupied by the bird
community (Anderson et al. 1979; Johnsingh and Joshua
1994; Susanto 2016).
The use of space by a bird
The use of space by birds in the research locations
covering all layers of the forest canopy, which is the
highest layer, canopy, sub-canopy, shrubs, and forest floor
(Figure 4).
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Figure 4. The use of space in the forest canopy layer of the bird
on Mount Waringin and Mount Dewata. A= Emergent & above
canopy; B= Canopy; C= Sub-canopy; D= Understory; E=
Ground; I= Position the bird occupies the space at the top
canopies; II= Position the bird occupies the space at the outer
edges of the canopy; III= Position the bird occupies space in the
interior of the canopy; IV= Position the bird occupies the space at
the bottom of the canopy; V= Position the bird at the position in
the main trunk or the ground surface.

Top canopy layer consists of trees emerging, a very
limited number, the canopy does not connect with each
other tree canopy. The layer is dominated by the use of
birds of family Accipitridae and Dicruridae. Accipitridae is
a group of birds of prey is large, most of his life was spent
at the top of the forest canopy away from other birds. In
conducting the migration and activity of flying, the birds
are in need of open space. It makes it a small space cannot
fly freely, because the birds are not as fast as the little
birds. The birds of the families Accipitridae and Dicruridae
foraging in an open place by way of ambush prey from a
height that can be done by remote viewing very sharp. The
use of space in the canopy layer is also carried out by a
group of birds Accipitridae as an attempt to avoid predators
such as snakes and lizards are eyeing eggs and nest. Bird’s
predator known for its regeneration is very low at only lay
eggs in small amounts in a year. These layers are inhabited
by four species of which all peaked at the top of the canopy
space. These birds are species that used to hunt above the
forest canopy. Plants that make up the lining of which
Symplocos fasciculata and Metadina trichotoma.
Canopy layer is the top layer of forest vegetation in
connected with each other. This layer is occupied by birds
from family Columbidae, Dicruridae, and Pycnonotidae.
Birds of the family group have a moderate size, can fly low
over the canopy, and move from one canopy to another
canopy, but it is limited in the upper layer only. The
canopy has a four position space utilized by birds, namely
the position of the space above the canopy, the space on the
outer edge of the canopy, the space in the header, and the
space under the canopy. Recorded 29 species of birds
found in the layer. The position at the top canopies space
occupied by three species, the space at the outer edge of the
canopy occupied by 13 species, the space inside the canopy
occupied by 16 species, and the space under the canopy
section is occupied by two species. Plants that many of
them make up the canopy layer Schima wallichii, Trema

orientalis, Macaranga rhizinoides, and Altingia excelsa.
Sub-canopy layer is the layer in the shade canopy on
the canopy layer. These layers are occupied arboreal birds
flocking birds that come from family Campephagidae,
Rhipiduridae, and Zosteropidae. Birds that use a lot of subcanopy layers is a group of birds able to fly under the shade
of the forest canopy, with a very agile movement to move
from one tree to another in acting. The birds are often
found mixed (flocking) with a group of birds of other
species. Groups of various species of birds that move from
one tree to another. It is closely linked to the behavior of a
typical foraging in groups. Additionally, foraging behavior
in groups as part of efforts to prevent themselves from
predators (Krebs and Davis 1978). The sub-canopy layer
has a four position space is often used by birds (Figure 2),
which is the position of the space above the header, the
space on the outer edge of the canopy, the space in the
header, and the space under the canopy. As many as 30
species of birds found in the layer. The position of the
space above the canopy occupied by one species, the space
on the outer edge of the canopy occupied by 15 species, the
space occupied by the header in 13 species, and the space
under the canopy occupied by 13 species.
Canopy layer of strata under the header section is the
last layer under the shade of some trees on it; its use is
dominated by family Sylviidae and Nectariniidae. These
birds are so small and able to move and slipped between
the branches of dense vegetation. The birds of the family
Sylviidae and Nectariniidae also sometimes found in
groups, but the groups of species and the number of
individuals that a bit. The Canopy has a 3-position space
utilized by birds, namely the position of space in the outer
edge of the canopy, the space in the canopy, and the space
under the canopy. As many as 25 species of birds found in
the canopy layer. The position of the edge of space outside
and inside the canopy occupied by each of 14 species,
while the area under the canopy occupied by seven species.
Plants that many of them make up the canopy layer of
Ficus sinuata, wild banana (Musa acuminata), and dadap
(Erythrina subumbrans).
Forest floor strata (ground) or layers of shrubs is the
bottom layer of all layers of the forest canopy. These layers
are dominated their use by birds from family Phasianidae
and Turdidae. The birds are a group of birds that cannot fly
high and only rely on foot to walk in the move. Birds that
live on the forest floor of behavior can be distinguished by
species that are able to fly. These layers are inhabited by 11
species of which were placed on the ground level space.
Of all the species of birds are found, there are birds that
use lots of canopy layers, including Sweep ninon (Eumyias
indigo) were found in the four layers of the canopy.
Additionally, opior Java (Lophozosterops javanicus), Little
spiderhunter (Arachnothera longirostra), Srigunting hill
(Dicrurus remifer), Ashy drongo (Dicrurus leucophaeus),
and Crescent-chested babbler (Stachyris melanothorax)
were also found in three layers of headers. The birds
showed its ability to adapt to the state of the canopy of the
different vegetation. This can happen because the source
feeds these birds scattered in different canopy layers, such
as insects that prey on the move from one layer to
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another.
There are eight species of birds that use the threeposition space in plants, including regular glasses
(Zosterops palpebrosus), White-bellied fantail (Rhipidura
euryura), Rufous-tailed fantail (Rhipidura phoenicura),
Blue nuthatch (Sittaa azurea), Mees's white-eye (Lophozosterops
javanicus), Indigo flycatcher (Eumyias indigo), Ashy
drongo (Dicrurus leucocephalus), and Javan fulvetta
(Alcippe pyrrhoptera). Species of birds that use spatial
positions on many plants, generally has the characteristics
of agile birds, small body so fast movements.
Grouping birds in using the forest canopy are not based
on speed to fly in space forest, but rather on the foraging
patterns of each species in the crowns of trees in the forest.
Thiollay (1994) divided the birds in the seven patterns of
foraging, namely: (i) a hunter above the header, (ii) the
hunter in the header and the outer surface of the tree, (iii)
arboreal branches and twigs, (iv) a search of insects on
stems, branches and twigs of trees, (v) living on the edge
habitat, vegetation and gaps of the new plant, (vi) foraging
slightly above the soil surface, and (vii) live in swamps.
Foraging pattern of each species of birds can be seen with a
breakdown by position of the space on the tree. For
example, birds that use more layers of understory layer of
small birds which have characteristics as fruit eaters, such
family Pycnonotidae and Dicaeidea (Partasasmita et al.
2017)
At each layer of the canopy can be seen widely found
various species of birds, this is because in the layer
provides a variety of feed resources for a variety of bird
species (Orians 1969), can be fruits, seeds, and insects
(Kohn 1972). Moreover, layer of forest canopy provides
plenty of space, thus providing a variety of places for the
benefit of the activity of birds in accordance with the
character of the bird itself. In birds smallish, agile and fast
movements more use of space in plants lining the inside,
while the bird was bigger and need more space so that it
uses a more open space. Thus the division or distribution of
birds is closely related to the suitability of space in the
canopy layer (Nurwatha 1995; Partasasmita et al. 2010).
Each family and species adapt to each layer habitat space
for activities, such as for social behavior and foraging.
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Abstract. Putranto HD, Hasibuan GP, Yumiati Y, Setianto J, Brata B, Kurniati N, Hakiki FF. 2017. The estimation of dynamical
distribution of domesticated Burgo chicken population in Bengkulu coastal area, Indonesia. Biodiversitas 18: 458-464. As one of the
endemic bird species, which inhabits on the west coast of Sumatra and southern Sumatra region, such as Bengkulu Province, Jambi
Province and South Sumatra Province, Burgo chicken is recognized as a pet and a socio-economic symbol status for fanciers. The study
aimed to monitor the dynamical distribution of male Burgo population domesticated by fanciers in three regencies and a city located in
the coastal area of Bengkulu Province. The locations were determined by a purposive sampling method. By using the software in the
form of online questionnaire program, enumerators conducted a field survey for four weeks in July-August 2016 by a purposive
sampling in three regencies and a city, i.e. Bengkulu City, Seluma District, Bengkulu Utara District and Bengkulu Tengah District. The
data obtained in the field were connected and stored in the system provided on a page and could be accessed on a limited basis.
Furthermore, the population data were summarized and analyzed by using a Variance-Mean Ratio (VMR) formula to determine the
distribution pattern of domesticated male Burgo chicken. The results showed that in the year of 2016 the highest population of male
Burgo chicken (53.29% population) was found in Bengkulu Utara District as many as 89 individuals, while the lowest population
(1.19% or 2 individuals) was found in Seluma District. Furthermore, it was also known that the distribution of domesticated male Burgo
population in the coastal area of Bengkulu Province could be classified as negative binomial distribution or over-dispersed (VMR>1.0).
The results of estimation of the dynamical distribution pattern of male Burgo chicken population in the year of 2016 in the coastal areas
of Bengkulu Province was similar to the distribution pattern of mixed sex Burgo chicken population in Bengkulu Province in the year of
2009 which was categorized as negative binomial distribution.
Keywords: Burgo, coastal, distribution, dynamic, population

INTRODUCTION
Based on the most recent studies conducted by the
conservation experts, the number of fauna species and its
population now is ranked as the biggest number of other
species in the history (Ceballos et al. 2010). Of those
numbers, the bird is one of the species which its population
apparently increase significantly each year. However, there
is now any opposite trend regarding its population, which
massively plummet due to the negative human activities
including the destruction of native habitat, pollutant
products and uncontrolled exploitation of natural resources.
Furthermore, Ceballos et al. (2010) have reported that
around 134 of bird species in the world has been noted as
endangered species. Of these reasons, the conservation
program prior to protecting the fauna species must be
conducted and being intensively improved. On the other
hand, the utilization of endemic fauna species, which is

widely developed its function will become interested
studies to the conservation experts, which it means in line
with the goal of the conservation program (Ruetz III et al.
2005). According to Ajayi (2010) who reported that the
utilization of endemic fauna species, which has been
further developed its function, showing in well-developed
progress in both tropical and sub-tropical regions. As an
example, in Nigeria almost 80% of total 120 million of
domesticated birds derived from the species of endemic
chicken.
Indonesia, known as megadiverse country, is habitat for
many floras and fauna species. One of them is an endemic
bird species, which can be further developed and
domesticated. One of the success developments of endemic
chicken is Burgo chicken in Bengkulu province (Putranto
et al. 2016a, 20016b, 2015, 2012a, 2012b, 2010). Burgo is
one of the subspecies from local endemic chicken, which is
the same as other local chicken such as Bekisar, Nunukan,
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Pelung, Cemani, and Kokok Balenggek. Those endemic
chickens are part of the natural plasma resources of
Indonesia as well as part of the world fauna treasures.
Many types of research has being studied Burgo in decades
in terms of its population density based on mixed sex
parameter (Putranto et al. 2010), the profiles of
reproductive hormone of mature Burgo female and the
effect of supplemented-micro nutrition toward its
reproductive system (Putranto et al. 2012a), as well as the
genetic mapping of ayam Burgo compared to its male
parental, Hutan Merah (Gallus gallus or Gallus bankiva)
(Putranto et al. 2012b).
Burgo chicken is one of an endemic fauna in Sumatra
island especially Bengkulu province. Burgo can be found
in forests in Bengkulu province and also around South
Sumatra and Jambi province. Naturally, Burgo lives in in
situ habitat but recently this species has been widely
domesticated in Bengkulu province. The domestication
area of this species is located at suburb areas using
management system namely semi-intensive domestication.
This system has been developed due to there is no
established system to domesticate Burgo intensively, yet.
Another factor limits the management system of Burgo
domestication is the natural-wild behavior (Putranto et al.
2016a, 2016b, 2012b, 2010; Setianto et al. 2016; Setianto
2010, 2009), which lead to the strenuos efforts in
domestication program of this species.
Based on the study in mixed sex Burgo chicken
population, it has been reported that the population of
Burgo from 2004 to 2009 is up to 1,291 individual species
(Putranto et al. 2015, 2012a, 2012b, 2010). Those numbers
have been dominated by male Burgo around 696 or 62.09%
of Burgo's total population, while the rest number is female
Burgo around 595 or 53,08%. It indicated that Burgo male
has been preferred by fanciers than Burgo female.
Furthermore, it is reported that the major population of
domesticated Burgo has been recorded in Bengkulu
province especially in Rejang Lebong District with the
average number reached 128,67 individuals per year from
2004 to 2009.
Based on morphological performances, male Burgo
possesses the unique characters, which mesmerize the
fanciers to retain it (Putranto et al. 2016a, 2016b, 2012a,
2012b, 2010). This chicken has a specific mark in its ears
i.e., the round white wide shape and black beak. Generally,
the appearance of male Burgo is bigger than its parental,
Hutan Merah, with the height ranging from 10 to 15 cm,
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leg length between 5 and 7 cm and total weight gained
from 800 to 1250 gr/individuals. Based on economical
value, the price of male Burgo is expensive. This happens
not only due to its attractive performances but also the
common belief from the fanciers that retain this chicken
will rise the level of social status and self-esteem in the
society (Putranto et al. 2012b).
Generally, coastal region which is defined as the
meeting area of ocean and land is the pleasant habitat of
many flora and fauna species and has many natural
resources, which are benefits to human life (Bonodikun et
al. 2015; Pinto 2015; Indarti and Wardana 2013; Fauzi et
al. 2009; and Gustiani 2005). Based on the definition of
coastal area, this study was conducted in the coastal region
in Bengkulu province. The districts in Bengkulu i.e.,
Bengkulu Utara, Bengkulu Tengah, Bengkulu City and
Seluma have a coastal region which directly adjacent to the
shoreline of Indian Ocean.
The objective of this study was to estimate the
dynamical distribution of domesticated male Burgo
population in the coastal region of Bengkulu province.
According to Kwatrina et al. (2013) and Kuswanda dan
Mukhtar (2010), the dynamic population can be used as a
reference in ecology field which of importance to design
the management scheme in the conservation region. It was
supported by Kwatrina et al. (2013) who reported the
immense importance of the availability of data and
information in the population of species.
MATERIALS AND METHODS
Study sites
This study was conducted for four weeks starting from
July to August 2016. Totally four research sites consisted
of 3 districts and a city located in the coastal province of
Bengkulu, Indonesia i.e. Bengkulu Utara District,
Bengkulu Tengah District, Bengkulu City and Seluma
District were selected as study sites. These locations are
coastal regions, which directly adjacent to the Indian Ocean
in the West part of Sumatera island as shown in Figure 1.
Bengkulu province comprised of 10 districts and city
located in diverse altitude (BPPS Bengkulu Province in
2015) with a total area of about 19.919,33 km2 (Table 1).
Of these four locations, Bengkulu Utara District is the
largest area (32%) of the total area of the Bengkulu
province.

Table 1. The total area of the district and research sites in Bengkulu, Indonesia
Characteristics
Total area (km2)
Percentage (%)

BC

Location of study (km2)
BTD
BUD

SD

144,52
11,39

1.223,94
7,23

2.400,44
7,23

4.424,60
32,76

Total area of Bengkulu
province (km2)
19.919,33
100

Note: BC = Bengkulu City, BTD = Bengkulu Tengah District, BUD = Bengkulu Utara District, SD = Seluma District. (Source: BPS
Bengkulu Province in 2015)
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B
C
D

Figure 1. The coastal province of Bengkulu, Indonesia as location
of the research. A. Bengkulu Utara District, B. Bengkulu Tengah
District, C. Bengkulu City, D. Seluma District

Geographically, the location of the study i.e. three
districts and a city are located at a latitude with coordinates
between 2o16'-3o31 ' south and 101o01'-103o41' east. The
topography of the tree districts and city are divided into
two groups: (i) coastal areas with an altitude of 100 meters
above sea level, there are along the coast and includes
lowland classification, and (ii) the area with an altitude of
100-500 meters above sea level, located at the foothills of
Bukit Barisan. Bengkulu City as selected location for
research on the population of domesticated male Burgo is
geographically at a latitude with coordinates between
102o14'42" -102o22'45" east and 3o43'49 "-4o01'00" south.
This city consists of eight sub-districts, which seven of
them possesses coastal ecosystems and nearly adjacent to
marine waters (Fauzi et al. 2009).
Research methods
The location of the research was determined by
purposive sampling. This study was then conducted by
survey methods including interview and census. The
preliminary survey has been done in each district and city
to select villages as random samples. The first responder
was determined by purposive sampling followed by
subsequent responders, which were selected by snowball
sampling method (Putranto et al. 2016a, 2016b, 2010). A
total of 36 of fanciers retaining male Burgo were selected
as responders with nine responders from Bengkulu City, 19
responders from Bengkulu Utara District, two responders
from Seluma District and six responders from Bengkulu
Tengah District.

Figure 2. The profile of digital software for filling online
questionaire. (Source: www.heridwiputranto.com).

Detailed research work
In this population study, the researchers developed a
census system by utilizing the digital technology including
the software programs for filling the online questionnaire.
This software has been designed in term of a collaborative
platform with technical assistance from the collaborative
partner, PT. Methamou Amba Persada. Enumerator did the
field research by doing a census and searching the
responders to fill the online questionnaire installed in
android system belongs to an enumerator. The online
questionnaire could be accessed by enumerator using the
username and specific password prior to further data
analysis (Figure 2).
Enumerator then inputs the primary data including
responder's identities, the number of retained male Burgo,
the number of natality and mortality of male Burgo, the
migration level of male Burgo and male Burgo's picture as
documentation. This data was categorized as real-time and
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automatically will be saved in the new provided–online
page (www.heridwiputranto.com), which could be accessed
in limit basis.
Before conducting census activity of male Burgo,
enumerator has been intensively trained prior to
professionally applying for the online questionnaire
program and solving the problem regarding with Internet
connection in the sampling area. Furthermore, enumerator
has been provided with manual equipment such as written
questionnaires, stationery, and camera in case of slow
Internet connection occur. The tangible-obtained data in
terms of quantitative data and pictures was then uploaded
directly in the provided page via online. If technical errors
happened, enumerator inputted data manually which was
then uploaded via online later.
This method was modified from research conducted by
Putranto et al. (2010) based on Shaffer theory related with
migration concepts. The collected data, which was only
focussed in male Burgo, was also modified from research
conducted by Putranto et al. (2010). Another reason
regarding with male Burgo selection was the fancier's
preference, easy to domesticate and to have high
economical values (Putranto et al. 2016a, 2016b, 2015,
2012a, 2012b).
Data analysis
The obtained data was then analyzed its population
distribution using Soegianto (1994) equation as follows:
VMR = δ2 / μ
Where:
VMR = Variance-Mean Ratio
δ2
= sample variance
μ
= sample average
VMR = 1.0 interpretated as poisson distribution
(random distribution population), VMR < 1.0 interpretated
as binomial distribution or under-dispersed (homogenity
distribution population), and VMR > 1.0 interpretated as
negative binomial distribution or over-dispersed (cluster
distribution population).
RESULTS AND DISCUSSION
According to Ruetz et al. (2005), the main aim of
conducting a study in ecological population is to further
understand the spatiotemporal pattern from the fluctuated
population of species in the certain habitat. Furthermore,
the syncronized dynamic of animal population in a largescale become one of high research of interest. In addition,
Ceballos et al. (2010) reported that animal species and its
population is of importance to support the human life.
Prior to reducing the declining trend of mammals
population including bird, Kuswanda and Mukhtar (2010)
suggested that local government should further develop the
conservation programs supported by innovative approaches
from experts. Up to now, most conservation programs had
no comprehensive and clear management regarding
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endemic species in Bengkulu (Susatya 2003). Moreover,
the biological characteristics and ecological attributes lead
to the strenuous effort in preserving the population level of
endemic species of Burgo in Bengkulu.
According to Rahmasari (2011) and Gustiani (2005),
the coastal region possesses the highest productivity in the
world based on its biological prospect. Furthermore, it has
potential natural resources which can be divided into three
main clusters i.e. renewable resources, non-renewable
resources, and environmental services. In addition, it has an
ecosystem with the highest natural productivity.
The population study in certain species by census
activity and application of digital technology such as filling
the online questionnaire is the technical approach, which is
firstly published in scientific journal. Interestingly,
researchers can further develop the real-time data utilized
in this study for many scientific purposes.
The analysis data of male Burgo study collected from
the coastal region of Bengkulu was presented in Table 2. It
can be seen that 167 male Burgo have been domesticated
by fanciers in 3 districts and a city in the coastal region of
Bengkulu. Almost 95% of male Burgo population was
adults which were assumpted having an expensive
economical value, while the rest population (5%) was
clustered as Day Old Chick or DOC. Of the distribution
region, more than 50% of male Burgo’s population has
been found in Bengkulu Utara District and the rest was
from Seluma District (1%).
From the analysis of population density of male Burgo
in the coastal region of Bengkulu, it shows that the total
average of its population density was 0.0204
individuals/km2 (Table 2). Interestingly, the highest
population density was obtained in Bengkulu City (0.0387
individuals/km2) followed by Bengkulu Utara District and
Bengkulu Tengah District which reached to 0.0201
individuals/km2 and 0.0163 individuals/km2. Meanwhile,
the population density of male Burgo in Seluma District
was the lowest one (0.0008 individuals/km2).
Table 2. Data analysis of population, density, and distribution of
male Burgo in Bengkulu Province, Indonesia in 2016
Location
Bengkulu
City
Bengkulu
Tengah
District
Bengkulu
Utara
District
Seluma
District
Averages

Male
Burgo

Population
(individual)

DOC
Adult*
Total
DOC
Adult*
Total
DOC
Adult*
Total
DOC
Adult*
Total

9
47
56
0
20
20
0
89
89
0
2
0

Population
density
(ind. /km2)

Population
distribution

0.0387

2.337

0.0163

0.758

0.0201

8.233

0.0008

1.913

0.0204

3.3098

Note: DOC= Day Old Chick, * = male adult

462

B I O D I V E R S I T A S 18 (2): 458-464, April 2017

Table 3. Total population of mixed sex Burgo chickens in Bengkulu Province, Indonesia in 2009
Study sites
Total population
Percentage (%)
Leb
RL
KP
BT
BU
Male Burgo
31
64
21
36
37
189
62.58
Female Burgo
7
34
4
51
17
113
37.42
Total (individuals)
38
98
25
87
54
302
100
Percentages (%)
12.58
32.45
8.28
28.81
17.88
Note: Leb = Lebong District, RL = Rejang Lebong District, KP = Kepahiang District, BT = Bengkulu Tengah District, BU = Bengkulu
Utara District. (Source: Putranto et al. 2010).

The number of male Burgo
(individuals)

Burgo chicken

Figure 3. The composition of male Burgo’s population in 4
coastal region of Bengkulu in 2016. Note: BC = Bengkulu City,
BT = Bengkulu Tengah District, BU = Bengkulu Utara District,
SD = Seluma District.

Based on the population distribution (Variance-Mean
Ratio) analysis using modified equation from Soegianto
(1994), the total population distribution of male Burgo in
the coastal region of Bengkulu reached 3.3098 (Table 2).
The population of male Burgo was highest distributed in
Bengkulu Utara District followed by Bengkulu City and
Seluma District which were 2.337 and 1.913. The lowest
population distribution of male Burgo was achieved in
Bengkulu Tengah District which was equal to 0.758 (δ2/μ ≤
1).
The indigenous chicken species living in endemic
habitat will represent the existence of high resources which
is valuable to the further development of animal husbandry
science (Ajayi 2010). It happens due to the extensive
genetic diversity of chicken will give many benefits
especially in large scale maintenance purposes. The main
advantages of these, for example, are chicken will easily
adapt to the diverse environmental condition and its
potential benefit for producing the variety of food products
as well as an ecological function for supporting human life.
This is supported by Pathak and Nath (2013) who reported
that endemic chicken managed using the semi-intensive
and non-intensive management has produced eggs which
could supply the national demand in India up to 11% of
total eggs production. Generally, the non-intensive method
in endemic chicken management was applied for saving

purposes, inexpensive source of animal protein and
additional household income (Yousfi et al. 2013). The
same reasons were recorded from responders in the coastal
region of Bengkulu during the interview and answering the
online questionnaire. This is in agreement with the
previous researches (Putranto et al. 2016a, 2016b, 2015,
2012a, 2012b, 2010), which mentioned that retaining
Burgo chicken was addressed to saving purposes because
of its high economical value. Retaining male Burgo will
also raise the level of social status in the society because
there is an assumption that only a rich person having male
Burgo as a pet.
The population number of male Burgo discovered in the
coastal region of Bengkulu in 2016 was 167 individuals,
which means fewer than that number population in 2009
(189 individuals) (Table 3). In 2009, the percentage of
male Burgo population reached 62.58% of total Burgo’s
population, while the population of female Burgo was
around 37% (Putranto et al. 2010).
Based on population data shown in Tables 2 and 3, it
can be seen that there was population dynamic of male
Burgo in Bengkulu Province. These dynamics was
performed in the fluctuated population number.
Specifically, population number of male Burgo decreased
from 189 birds in 2009 to 167 birds in 2016. According to
Kwatrina et al. (2013), an animal which biologically able to
reproduce continuously (iteroparous) until the subsequent
generation (filial) will possess an overlapped population
number. Based on that theory, the population of Burgo
chicken is expected to have the model of this population
dynamics. In detail, the population growth of male Burgo is
being expected to continuously increase in accordance with
the model of exponential population growth during a
certain time, so that the number of the population become
double. In this study, however; the population dynamics of
male Burgo in the coastal region of Bengkulu showed in
contrary with this expected model. Regardless of how the
population size of male Burgo obtained in this study, it can
be stated that this population size has not exceeded the
number of minimal population which can be eternal
(minimum viable population) (Susatya 2003). It is known
that the small population size can lead to the various factors
triggering the acceleration of the extinction of flora and
fauna species. However, the population size data in this
study can not also be said to be sufficient if it is used as
main data in the further conservation programs. There is
need an advanced study to those purposes.
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Figure 3 represents the composition of male Burgo’s
population in 4 coastal regions of Bengkulu. To be specific,
the highest population of male Burgo was found in
Bengkulu Utara District (89 individuals), while the lowest
one was in Seluma District. It might happen due to most
the Rejang ethnic group lives in Bengkulu Utara District
compared to other three districts. This is in accordance with
Yumiati (2012) who reported that the majority of Burgo
fanciers in Bengkulu Province came from Rejang ethnic
group that inhabit in Rejang Lebong District, Lebong
District, Kepahiang District and Bengkulu Utara District.
Based on the result of population density of male Burgo
in the coastal region of Bengkulu, it showed that the
average of this population density was 0.0204
individuals/km2 (Table 2). This average was smaller than
the previous research conducted by Putranto et al. (2010)
which was 0.125 individuals/km2 in Bengkulu Province in
2009. Furthermore, census data from the mixed-sex Burgo
chicken in Bengkulu Province reached the highest one with
0.202 individuals/km2 in 2009. Generally, this happens due
to various factors. One of them was there is no intensivedevelopment of male Burgo breeding as seed sources
(Putranto et al. 2010). Most male Burgo seed was obtained
by capturing directly from in situ habitat in the forest
(Setianto et al. 2016). Commonly, the small population size
causes the population of flora and fauna become in
endangered warning (Susatya 2003), which extremely lead
to the extinction of local resources spontaneously.
Moreover, if the population size exceeds the certain
population threshold due to the habitat quality is
fragmented and destructed, it will lead to the fast extinction
rate. It can be concluded that small population size will be
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extinct faster than the large population size. In this study, it
can be assumpted that Alle effect might effect on the
declined population. According to Ceballos et.al (2010),
Alle effect will decrease the growth rate when the
population density is low resulted in the strenuous
interaction in each individual.
Based on the population structures, there were two
groups of domesticated male Burgo in this study i.e., DOC
and adult male. These groups were clustered based on age
group. In detail, more than 5% the population of
domesticated male Burgo was categorized as DOC and the
rest percentage (95%) or equal to 158 individuals was the
adult male (Table 2). According to Kwatrina et al. (2013),
this population structure based on age group showed the
low success of reproduction program in male Burgo
management.
Generally, the population distribution of domesticated
male Burgo was categorized as negative binomial
distribution or over-dispersed (cluster distribution
population) (δ2/μ > 1) (Table 2 and Figure 4). This is based
on VMR analysis, which resulted in the average number of
3.3098 except for Bengkulu Tengah District was binomial
distribution or under-dispersed (homogeneity distribution
population (VMR < 1 (0.758)). The population distribution
is the movement of individuals into or out of the population
(Ruetz III et al. 2005). Furthermore, the population
distribution is of importance to spread plants, animal or
human geographically from one place to another new place
prior to the inhabitation. This population distribution
happens due to the stimulation of various factors such as
finding food, climate effects, carried by the water/wind,
mating habits, and other physical factors.

Note:
+ Bengkulu Utara District
* Bengkulu Tengah District
‐ Bengkulu City
# Seluma District

Figure 4. The population distribution and population density of male Burgo in coastal region of Bengkulu, Indonesia in 2016
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The information of population density was not enough
for comprehensively picturing the condition of population
in the certain habitat. Two population can have the same
density but it can be different in the spatial population
distribution. The population density in the region depends
on the pattern of population distribution. The changing in
the type of habitat can influence the changing in the
distribution pattern. As a result, there is any distinct
distribution pattern among species in the same habitat
(Ruetz III et al. 2005).
The results of this population study, it can be concluded
that the pattern of population distribution dynamics of male
Burgo in the coastal region of Bengkulu in 2016 was
estimated having the similar distribution pattern to the
mixed-sex Burgo population in Bengkulu Province in 2009
which were categorized as negative binomial distribution
or over-dispersed.
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Abstract. Pesik A, Efendi D, Novarianto H, Dinarti D, Sudarsono S. 2017. Development of SNAP markers based on nucleotide
variability of WRKY genes in coconut and their validation using multiplex PCR. Biodiversitas 18: 465-475. Development of molecular
markers benefits coconut breeding program. The availability of DNA sequences for coconuts opens the new possibility of developing
molecular markers such as single nucleotide amplified polymorphism (SNAP). The study aimed to evaluate nucleotide sequence
diversities of WRKY gene in the GenBank database, design gene specific primers for generating WRKY gene specific SNAP markers,
optimize multiplex PCR technique and validate SNAP marker effectiveness for evaluating Kopyor coconut germplasm. Based on 35
sequences data of coconut WRKY genes that are available in the GenBank database, we have identified eight informative SNPs and
used them to generate SNP-specific primers. We have designed sixteen primer pairs and validated them using singleplex PCR.
Subsequently, we optimized the Ta and primer concentrations either for duplex or triplex PCR. Duplex PCR using two sets of primer
pairs was more reliable for genotyping Kopyor coconut germplasm than triplex PCR. We have successfully demonstrated the duplex
PCR for genotyping Banten Tall, Jember Tall, Kalianda Tall, Pati Dwarf and Sumenep Tall Kopyor coconuts. Therefore, one may use
the developed SNAP markers as a simple alternative of co-dominant markers for genetic analysis of coconuts. One may use the
developed SNAP markers to investigate the possible association between markers and Kopyor endosperm and other relevant phenotypes
in coconuts.
Keywords: Kopyor coconut, multiplex PCR, SNP

INTRODUCTION
Advance in plant molecular biology and biotechnology
has opened up many opportunities in plant science
research. Researchers have isolated and characterized a
large number of different genes from many plant species.
The
NCBI
GenBank
DNA
database
(http://www.ncbi.nlm.nih.gov/) curates most of those DNA
sequence data. Those gene sequence data are freely
accessible, and plant scientists can use the data to support
and accelerate their plant research activities. Many research
areas have benefitted from the accumulated DNA
sequences in the NCBI GenBank DNA database, especially
in the development of molecular markers. The existence of
more information about the gene sequences in the NCBI
GenBank DNA database opens up the new possibilities for
developing and evaluating markers based on the single
nucleotide polymorphisms (SNPs).
Single nucleotide polymorphism (SNP) is a single
nucleotide DNA variation at specific location throughout
the plant genome. The SNPs has been used as plant genetic
markers (Simko et al. 2012) in sugar beet and apple
genotyping studies (Bakooie et al. 2015; Chagné et al.
2008). Tea and tomato variety identification also used SNP
markers (Fang et al. 2014; Olmos et al. 2015; Wang et al.

2015). Similarly, cotton and other plants high-resolution
genetic linkage map and gene tagging have used SNP in
their evaluation (Cho et al. 2011; Mammadov et al. 2012;
Li et al. 2014). Massive availabilities of SNP markers open
the possibility of tagging genes controlling important
agronomic characters and supporting breeding programs
(Ren et al. 2013). The frequency of SNP occurrences in the
plant genome is as many as one SNP for every 31 base pair
(bp) up to every 124 bp of plant genome (Eulgem et al.
2000; Ching et al. 2002; Zhang and Wang 2005; Fang et al.
2014).
The simplest marker that can be developed utilizing
SNP is the single nucleotide amplified polymorphism
(SNAP) marker. The SNAP markers can be developed and
applied to analyze genetic diversity, kinship and pollen
dispersal of target plants (Singh et al. 2013, Larekeng et al.
2015a,b). Kopyor coconut is an exotic coconut mutant
originated from Indonesia. The endosperm of Kopyor
coconut is detached from its shell and formed endosperm
crumbs in the coconut shell, and its development benefits
Indonesian coconut farmers (Maskromo et al. 2015). The
Kopyor endosperm in coconut is probably caused by a
mutation in a single regulatory gene causing pleiotropic
effects to some coconut plant developments. Therefore,
identification and characterization of the mutant gene
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controlling Kopyor endosperm in coconut would be
beneficial (Sukendah et al. 2009; Sudarsono et al. 2015).
However, there has been no conclusive evidence that the
isolated genes are ones responsible for Kopyor characters
in coconut.
The WRKY is a group of genes encoding superfamily
of transcription factor proteins having one or two
conserved domain consisting of WRKYGQK residues in
the primary amino acid sequences (Eulgem et al. 2000).
The WRKY plays important roles in some plant growth
and developments, responses to biotic and abiotic stresses,
senescence, and the zygotic embryo formation (Eulgem et
al. 2000; Zhang and Wang 2005). There have been some
endosperm-specific WRKY gene fragments from coconuts
deposited in the GenBank database which can be used to
develop SNAP markers. Since two PCR (polymerase chain
reaction) reactions are needed to genotype a single locus
for each SNP site, multiplex PCR is proposed to generate
more efficient procedures for and speed up the genotyping
(Liu and Wu 2012). Multiplex PCR techniques have
previously been developed to amplify either SSR or SNP
markers (Hayden et al. 2008; Kim et al. 2012; Liu and Wu
2012; Wen and Zang 2012; Mousset et al. 2015).
Researchers also used multiplex PCR for plant genotyping,
linkage and parental analysis of many plants (Masi et al.
2003; Chaerani et al. 2009; Migliaro et al. 2012; Larekeng
et al. 2015a,b).
However, there has been a discussion about some
limitations in plant multiplex PCR technique (Hayden et al.
2008; Sheng et al. 2003). The objectives of the study were
to evaluate coconut WRKY gene accessions available in
the NCBI GenBank DNA database and their nucleotide
sequence diversities, design gene specific primers for
SNAP markers based on identified SNP in the WRKY
genes, optimize multiplex PCR technique and validate
SNAP marker effectiveness for evaluating Kopyor coconut
germplasm. Availability of such multiplex PCR technique
for generating WRKY gene specific SNAP markers may be
used to investigate the possible association between
variability of the WRKY gene and the Kopyor endosperm
in coconut. If such associations exist, the developed SNAP
markers may facilitate and accelerate the selection of
coconut-carrying the Kopyor phenotypes.

MATERIALS AND METHODS
Coconut WRKY genes and their nucleotide sequence
diversity
Searches for accessions of the WRKY genes from
NCBI GenBank DNA database were conducted using the
appropriate keywords (WRKY, coconut, and Cocos
nucifera)and positive hits identified. The identified WRKY
sequences were used to search for other highly similar
genes from coconut using basic local alignment search
tools (BLAST, http://blast.ncbi.nlm.nih.gov/). Each
sequence in a group of similar WRKY genes was arranged
in fasta format and imported to sequence analysis software.
Sequences of each group of WRKY genes were evaluated
offline using Genious® Basic 6.1.8. (Biomatters). Multiple

sequence alignment (MSA) for accessions of each WRKY
group was conducted to identify locations of the SNP sites.
We used the identified non-synonymous SNPs in primer
design steps.
SNAP primer design based on identified SNP in WRKY
gene
The gene specific SNAP primers were designed based
on previously identified SNP sites. The identified SNPs
having bi-allelic alternative alleles were selected, and
fragment sequences adjusted to the required submission
format for online SNAP primer design using WebSnapper
(http://ausubellab.mgh.harvard.edu). Subsequently, all
identified SNPs in the evaluated WRKY genes were
individually used to design gene-specific SNAP primers.
The outputs of every primer set have been assessed to
select at least three primers (two forward primers
[reference and alternate forward primers] and one reverse
primer) to be used for genotyping a single SNP locus. The
genotyping of a single locus was carried out using two PCR
amplification reactions, the first PCR reaction using a pair
of reference (Ref) and reverse (Rev) primers and the
second using a pair of alternate (Alt) and Rev primers,
respectively.
.
Validation of SNAP primers in a singleplex PCR
The validation of the effectiveness of the designed
gene-specific SNAP primers was done using a singleplex
PCR. The PCR amplification was done using genomic
DNA of Pati Dwarf Kopyor coconut as DNA template and
KAPA2G PCR kit (Kapa Biosystems Inc., USA). The
mixtures for each PCR reaction consisted of 6.0 µL 5x
PCR buffer; 0.6 µL, 25 mM MgCl2, 0.6 µL, 10 mM
dNTPs, 0.75 µL, 10 µM of each of forward and reverse
primer; 0.1 µL, 5 unit/µL Taq DNA Polymerase and sterile
ultrapure water (ddH2O)-added to the final volume to 25
µL. For each primer pairs, the optimum annealing
temperature was optimized using thermocycling gradient
PCR. The evaluated primer annealing temperature (Ta) in
the gradient PCR ranged from 48.0 to 60.0°C and
annealing temperature yielding the best amplicons was
selected. PCR amplification was done using Biorad T100 TM
DNA Thermal Cycler (Biorad). The amplification steps
were as follow: one cycle pre-denaturation stage at 95°C
for 3 min; 35 cycles consisting of denaturation at 95°C for
15 s, primer annealing at 49.5°C-56.4°C (according to the
selected Ta based on the gradient PCR) for 15 s, and primer
extension at 72°C for 1 s; and one cycle of final extension
at 72°C for 10 minutes.
Optimization of SNAP primers in a multiplex PCR
Duplex and triplex PCR were proposed to minimize the
number PCR reactions in genotyping using SNAP markers.
This activity tested the ability of two (duplex PCR), and
three sets of primer pairs in a single tube of PCR reaction
(triplex PCR) to produce different sizes of the target
amplicons. For each combination of primers, the optimum
annealing temperature was optimized using gradient PCR.
To evaluate the effect of tested primer annealing
temperature (Ta) in the gradient PCR, the Ta ranged from
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48.0 to 59.1°C were tested and one yielding clear amplified
products for all target amplicons was selected. We tested
two concentrations (0.375 µL, 10 µM and 0.75 µL, 10 µM)
of each set of primer pairs to evaluate the effect of primer
concentrations in PCR reaction mix on amplicon quality
and quantity. The PCR amplification was done using
genomic DNA of either Pati Dwarf or Kalianda Tall
Kopyor coconut and KAPA2G PCR kit (Kapa Biosystems
Inc., USA). The mixtures for each PCR reaction consisted
of 6.0 µL 5x PCR buffer; 0.6 µL, 25 mM MgCl 2, 0.6 µL,
10 mM dNTPs, the sets of forward and reverse primer
pairs, 0.1 µL, 5 unit/µL Taq DNA Polymerase and sterile
ultrapure water (ddH2O)-added to the final volume of 25
µL. PCR amplification was done using Biorad T100TM
DNA Thermal Cycler (Biorad), and the amplification steps
were as described in the singleplex evaluation.
Validation of SNAP primers in a duplex PCR
The optimized multiplex PCR conditions evaluated in
previous activities were selected and used to validate their
ability to generate amplicons using diverse coconut
genomic DNA. We used an array of genomic DNAs from
15 accessions each of Banten Tall (B), Jember Tall (J),
Kalianda Tall (K), Pati Dwarf (P) and Sumenep Tall (S)
Kopyor coconuts as a template to validate the effectiveness
of the selected PCR conditions. The PCR amplification was
done using optimized measures as described in the previous
activities and KAPA2G PCR kit (Kapa Biosystems Inc.,
USA). The mixtures for each PCR reaction and the
optimum annealing temperature were as described
previously. PCR amplification was done using Biorad
T100TM DNA Thermal Cycler (Biorad), and the
amplification steps were as outlined in the singleplex
evaluation.
Fractionation and visualization of amplicons
Fractionation of amplicons of all PCR reactions
according to their fragment sizes was using 1% agarose
(Vivantis Inc., USA) gel electrophoresis in 1x sodium
borate electrophoresis buffer. The electrophoresis was done
using a constant current of 80 volts for 30 min. The
amplicon visualization was done using 33% (v/v)
GelRedTM (Biotium Inc., USA) DNA staining solution and
viewed under UV lamp (Vilber Lourmat Super Bright
TFX-20 Sigma-Aldrich, MX). The electropherograms were
documented using a digital camera. The amplicon sizes
were estimated using standard 100 bp DNA ladder
(Vivantis Inc., USA).
Construction of phylogenetic tree
We evaluated a total of 75 individuals of Banten Tall
(B), Jember Tall (J), Kalianda Tall (K), Pati Dwarf (P) and
Sumenep Tall (S) Kopyor coconuts. We calculated
dissimilarity matrix based on genotypic data for two ploidy
levels and used simple matching dissimilarity index. We
set at 10,000 iterations for the number of bootstrap
analysis. We did the tree construction by weighted
Neighbour Joining approach and used the calculated

467

dissimilarity matrix. Calculation of the dissimilarity matrix,
bootstrap, and tree construction for the Kopyor coconut
accessions was done using Dissimilarity Analysis and
Representation for WINDOWS (DARwin) software
version 6.05 (Perrier and Jacquemoud-Collet 2010).

RESULTS AND DISCUSSION
Coconut WRKY gene and their nucleotide sequence
diversities
Searching and BLAST analysis for WRKY gene from
coconut in the NCBI GenBank DNA database having at
least 200 base pair (bp) in fragment size resulted in a total
of at least 35 WRKY gene accessions (Table 1). Based on
their sequence identity, we grouped the accessions into
WRKY2, WRKY6, WRKY7, WRKY19, and WRKY21.
The fragment sizes of WRKY accessions ranged from 236972 bp. Subsequently, we conducted multiple sequence
alignment (MSA) for all accessions in each WRKY group.
Based on MSA results, two bi-allelic SNP sites were
identified from each of the WRKY2, WRKY6 and
WRKY21 groups, while one SNP was from each of the
WRKY7 and WRKY19 groups, respectively (Table 1).
Table 2 listed summaries of the identified SNP sites for all
WRKY groups while Figure 1 presented an example of
identified bi-allelic SNP site after MSA of 7 accessions
belonging to the WRKY6 group.
SNAP primer design based on selected SNPs in WRKY
gene
The outputs of each primer design in the WebSNAPPER entry are
a list of alternative SNAP primers for each SNP site. For each of
identified SNP site, we only need one set of SNAP primers,
consisting of at least three primers per set, two forwards (Ref and
Alt) and one common reverse (Rev) primers. We select those
primers from the output of the WebSNAPPER. The selected Ref
and Alt of the SNAP forward primers were chosen from a list of
WebSNAPPER output based on the mismatch position of the last
four nucleotides at their 3’ end to the reference of target
nucleotide sequences (Sutanto et al. 2013). The further away from
the mismatch position from 3’end of the primer the more
desirable (Bru et al. 2008). Table 3 present list of the selected
SNAP primer sets based on the identified bi-allelic SNPs of
coconut WRKY genes.

Figure 1. An example of multiple sequence alignment results over
seven accessions of WRKY6 DNA fragments and the identified
bi-allelic single nucleotide polymorphism (SNP) site #3 at the
base position of 795. The bi-allelic nucleotide variants are either
T (57.1%) or C (42.9%).
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Table 1. List of existed accessions of coconut (Cocos nucifera) WRKY gene fragments in NCBI GenBank DNA database and numbers
of identified informative non-synonymous single nucleotide polymorphisms (SNPs) after multiple sequence alignment (MSA) over
accessions for each WRKY group
Coconut WRKY DNA in NCBI GenBank database
Fragment
NCBI accessions no.
sizes
WRKY2
236-959 FJ956959.1, FJ956960.1, FJ956961.1, FJ956962.1, FJ956963.1, FJ956964.1,
DQ307150.1, DQ861409.1
WRKY6
7
724-927 FJ957104.1, FJ957105.1, FJ957106.1, FJ957107.1, FJ957108.1, FJ957109.1,
DQ307153.1
WRKY7
6
607-639 FJ957178.1, FJ957179.1, FJ957180.1, FJ957181.1, FJ957182.1, FJ957183.1
WRKY19
7
354-525 FJ957389.1, FJ957390.1, FJ957391.1, FJ957392.1, FJ957393.1, FJ957394.1,
DQ307157.1
WRKY21
7
764-972 FJ957030.1, FJ957031.1, FJ957032.1, FJ957033.1, FJ957034.1, FJ957035.1,
DQ307158.1
Total
35
Note a) The informative SNP site was the SNP having bi-allelic alternative nucleotides
Gene
group

Total
sequences
8

Number of
informative
SNPs a)
2
2
1
1
2
8

Table 2. List of single nucleotide polymorphisms (SNPs) identified after multiple sequence alignment (MSA) over accessions for each
group of WRKY genes available in NCBI GenBank DNA database and their characteristics
WRKY gene
fragment identity
WRKY2

SNP locus number
Alternatives bi-allelic
SNP allele ratio
and positions a)
SNP alleles b)
(Percentage) c)
#1
697
A/G
6/8 (75.0)
#2
721
G/C
7/8 (87.5)
WRKY6
#1
156
C/T
6/7 (85.7)
#3
795
T/C
4/7 (57.1)
WRKY7
#1
561
T/A
5/6 (83.3)
WRKY19
#1
74
G/A
6/7 (85.7)
WRKY21
#1
447
G/C
5/7 (71.4)
#3
553
A/G
6/7 (85.7)
Note: a) indicate the SNP locus numbers and the nucleotide position of the SNPs in the evaluated WRKY DNA fragments; b) indicate the
nucleotide identities of major and minor alleles of the SNPs; c) indicate the ratios of the major alleles by total samples and the percentage
of major allele.

Table 3. List of selected single nucleotide amplified polymorphism (SNAP) primer sets developed based on the identified bi-allelic
single nucleotide polymorphism (SNP) of coconut WRKY genes
Primer ID
Primer sequences b)
Ta c) (°C)
Product size (bp) d)
Primer length
(SNP Locus) a)
TCAAAAGTCGTACGTGAACCACGGG
WRKY2#1 Ref
25
52.8
319
CATCAAAAGTCGTACGTGAACCAGGGA
WRKY2#1 Alt
27
52.8
321
GCCCTCTCAACGTGCTTCCGG
WRKY2#1 Rev
21
52.8
TGATGATGGTTACCGCTGGGGG
WRKY2#2 Ref
22
52.8
260
TGATGATGGTTACCGCTGGGGC
WRKY2#2 Alt
22
52.8
260
GCCCTCTCAACGTGCTTCCGG
WRKY2#2 Rev
21
52.8
AAAATATAATTCAGGGAATTAAGCAG
WRKY6#1 Ref
26
49.5
107
AAAATATAATTCAGGGAATTAAGCAA
WRKY6#1 Alt
26
49.5
107
AAAGTAGTGAAAGGGAATCCAAA
WRKY6#1 Rev
23
49.5
ATAAATATCACATATCCCTGAGCAA
WRKY6#3 Ref
25
52.8
352
TATAAATATCACATATCCCTGAGCAG
WRKY6#3 Alt
26
52.8
353
CTACAGGTATTGTTAAATGTGCCA
WRKY6#3 Rev
24
52.8
CATCCGATCATTCGTGCG
WRKY7#1 Ref
18
56.4
354
CATCCGATCATTCGTGCC
WRKY7#1 Alt
18
56.4
354
ATCGATATCACTTGTGGTCTGAA
WRKY7#1 Rev
23
56.4
CGTCTTCTGCAAACTAAGCTCA
WRKY19#1 Ref
22
52.8
211
GTCTTCTGCAAACTAAGCTCG
WRKY19#1 Alt
21
52.8
210
ATGATATATATACAAGACTACGCCGAT
WRKY19#1 Rev
27
52.8
ATTGCCTATTAAAAATAACAATTTACG
WRKY21#1 Ref
27
52.8
272
ATTGCCTATTAAAAATAACAATTTACC
WRKY21#1 Alt
27
52.8
272
TACCATATATTAATGCGGATGAGAT
WRKY21#1 Rev
25
52.8
AGCATCTTGATCAATTACGATACC
WRKY21#3 Ref
24
54.6
237
AAGCATCTTGATCAATTACGATACA
WRKY21#3 Alt
25
54.6
238
TACCATATATTAATGCGGATGAGAT
WRKY21#3 Rev
22
54.6
Note a) Primer ID labeled with Ref, Alt, or Rev indicates the reference, alternate or reverses primers, respectively. b) Underlined and
italic letters at the 3’ end of the primers indicate the nucleotide variants of the SNP site. c) Ta, the optimized primer annealing
temperature based on singleplex gradient PCR. Alternative primer pairs for the PCR reactions are either (Ref+Rev) or (Alt+Rev)
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Validation of SNAP primers in a singleplex PCR
The primer sets were tested in singleplex PCR system
using genomic DNA of Pati Dwarf Kopyor coconut t to
validate the effectiveness of the designed SNAP primers.
Fig 2 presents validation results of the 16 primer pairs for
the genotypes of eight SNP loci of the coconut WRKY
genes. The results showed all primer pairs were able to
produce amplicons of the expected sizes. The PCR
amplification using genomic DNA of Pati Dwarf Kopyor
coconut and primer pairs of the WRKY2#1 SNP locus
produced 319 bp amplicon for Ref and 321 bp for Alt;
WRKY2#2-260 bp; WRKY6#1-107 bp; WRKY6#3-353
and 352 bp; WRKY7#1-354 bp; WRKY19#1-211 and 210
bp; WRKY21#1-272 bp; and WRKY21#3-237 and 238 bp,
respectively (Figure 2). Some of the amplicons are very
close in their sizes such as: between those of WRKY2#2
and WRKY21#1 (260 bp and 272 bp) and between
WRKY6#3 and WRKY7#1 (352 and 354 bp); therefore, it
may be difficult to fractionate the amplicons in a 1%
agarose gel electrophoresis.
We used those singleplex results as the basis for
selecting appropriate sets of primer pairs to be used in a
multiplex PCR. It was suggested that singleplex PCR be
done first before attempting to set up a multiplex PCR
(Sheng et al. 2003). Singleplex PCR before multiplexing
could also be used to estimate optimal annealing
temperatures to produce the correct amplicon sizes (Sint et
al. 2012). Results of singleplex PCR could be used as
references to indicate which primer pairs produced specific
and which produced non-specific amplicons.
These singleplex PCR results may also be used to select
the primer combinations for multiplex PCR based on their
amplicon sizes. Based on singleplex PCR results, duplex
PCR might not be possible using the combination of
WRKY19#1 and WRKY21#3 primer sets; WRKY21#3
and WRKY2#2; WRKY2#2 and WRKY21#1; WRKY21#1
and WRKY2#1, or WRKY2#1 and WRKY6#3 or
WRKY7#1. Other than those primer sets, we used the
primer combinations in the duplex PCR since size
differences of the amplicons were long enough for
fragment separation in 1% agarose gel electrophoresis.
However, the choices of primer combinations for triplex
PCR was limited, and it could be WRKY6#1, plus either
WRKY19#1, WRKY21#3, or WRKY2#2, and either
WRKY6#3 or WRKY7#1.
The genotype of each SNP locus is estimated using two
singleplex PCR reactions. The first PCR reaction using a
pair of the Ref-Rev primers was to determine the reference
allele while the second PCR using a pair of the Alt-Rev
primer pairs was to determine the alternate variant allele. If
the first PCR reaction yielded an amplicon of the expected
size while the second PCR was negative, the genotype for
this particular SNP locus was a homozygous Ref. On the
other hand, if the first PCR reaction yielded no amplicon
and the second PCR yielded the expected size of amplicon,
the genotype for this particular SNP locus was a
homozygous Alt. Meanwhile, if both the first PCR and the
second PCR reactions positively yielded the expected
amplicon sizes, the genotype for this particular SNP locus
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is a heterozygous Ref-Alt. The Figure 3 present illustration
for the genotyping scores and the predicted genotypes for a
single SNP locus using a SNAP marker. Therefore,
genotyping with SNAP markers using singleplex PCR cost
more and probably requires more resources.
Optimization of SNAP primers in a multiplex PCR
Multiplex PCR is PCR reaction using two or more sets
of primer pairs to simultaneously produce two or more
amplicons in a single PCR reaction. Therefore, multiplex
PCR requires optimization of various PCR conditions to
obtain desirable amplicons. Multiplex PCR requires
carefully designed primers to prevent potential annealing
among primers or primer dimers. It also requires a balance
annealing temperature for all the primer combinations so
that desirable amplicons are all amplified. Moreover, it also
requires balance primer to primer and primer to template
ratios. All of those factors need optimization for multiplex
PCR. In this evaluation, duplex PCR (two sets of primer
pairs in a single PCR reaction) was tested using the
developed gene specific SNAP primers.
The annealing temperature and concentration of primers
strongly influence the efficiency of amplicon amplification,
especially in a multiplex PCR. Figure 4 presented an
example of the annealing temperature (Ta) optimization in
a gradient duplex PCR with primer annealing temperature
(Ta) from Ta=48.0 to Ta=59.1°C. If the Ta was too low
(Ta=48.0 or 48.8°C), it results in non-specific binding of
the primer and the template. Primer annealing in lowtemperature may result in amplification of non-target
amplicons. On the other hand, if it was too high
(Ta=59.1°C, Figure 4.A; Ta>50.3°C, Figure 4.B), it missed
one of the target amplicons from the PCR products. In the
duplex PCR, either WRKY2#1 or WRKY2#2 primer pairs
always yielded amplicon regardless of the Ta while the
WRKY6#1 primer pairs in combination with WRKY2#2
yield clear amplicon at Ta=50.3°C and in combination with
WRKY2#1°C yielded a clear amplicon at Ta=48.8°C. In
this evaluation, we used Ta=50.3 for the duplex PCR using
two pairs of WRKY2#2 and WRKY6#1 primers and
Ta=48.8-50.3°C for those using WRKY2#1 and
WRKY6#1. Further optimization showed that the optimum
Ta for WRKY6#1 in duplex PCR was 50.3°C (The data
were not presented). These results indicated optimization of
annealing temperature for each primer combination in
multiplex PCR were necessary.
Primer to primer and primer to template ratios are other
aspects of PCR conditions that need optimization to
increase the rate of success in multiplex PCR (Sheng et al.
2003). In this evaluation, only duplex PCR (two sets of
primer pairs in a single PCR reaction) was tested using the
developed gene specific SNAP primers. We evaluated two
levels of primer concentrations, either 0.375 µL of 10 µM
or 0.75 µL of 10 µM for each primer in a duplex PCR
reaction and used the same amount of DNA template of
Kalianda Tall Kopyor coconut genome in all PCR
reactions. Figure 5 presented results of the primer
concentration optimization in a duplex PCR.
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More primer concentration in the PCR reaction mix
produced more amplicons than less; however, less primer
was also able to generate comparable PCR product. Using
primers at 0.375 µL of 10 µM in duplex PCR produced
sharper amplicons in agarose gel electrophoresis than that
of 0.75 µL of 10 µM (Figure 5). Therefore, it was
necessary to optimize the concentration of added primers
into the duplex PCR mix. It was also important to adjust
primer concentration according to the sizes of amplicons
(Liu and Wu 2012) since there was competition among
primers in multiplex PCR (Sint et al. 2012). In multiplex
PCR, some primers and their concentrations affect the
efficiency of PCR reactions (Xu et al. 2012).
The effectiveness of duplex and triplex PCR was tested
using combination primers producing two and three
different sizes of amplicons. For duplex PCR, a mixture of
WRKY6#1 (Ref or Alt) and WRKY2#2 (Ref or Alt) primer
pairs always yielded the 107 bp and 260 bp amplicons
(Figure 6.A). In duplex PCR using a combination of
WRKY6#1 and WRKY2#1, WRKY6#1 (Ref or Alt)
primer pairs always yield a clear 107 bp amplicon. On the
other hand, the WRKY2#1 Ref primer pairs yielded 319 bp
amplicon while those of WRKY2#1 Alt failed to produce
the desirable amplicon (Figure 6).
For triplex PCR, amplifications using a combination of
either WRKY6#1, WRKY2#2 and WRKY2#1 or
WRKY6#1, WRKY21#1 and WRKY7#1 primers yielded
only two clearly separable amplicons while the third
amplicon was missing (Figure 6). The triplex PCR
conditions were probably not optimized for amplification
of the largest amplicons (either the 319 bp or 354 bp
amplicon). However, we conducted no further triplex PCR
optimization in this evaluation and only used duplex PCR
for genotyping of Banten Tall, Jember Tall, Kalianda Tall,
Pati Dwarf and Sumenep Tall Kopyor coconuts.
Duplex PCR for genotyping Kopyor coconut accessions
We have optimized duplex PCR using a combination of
two sets of WRKY specific SNAP primer pairs for
genotyping of coconuts. Four selected primer sets were
used to genotype 15 accessions each of Banten Tall (B),
Jember Tall (J), Kalianda Tall (K), Pati Dwarf (P), and
Sumenep Tall (S) Kopyor coconuts and validate the
potential use of the developed SNAP markers. In this
evaluations, the selected primer sets used in duplex PCR
were WRKY6#3 (amplicon: 352 bp)-WRKY19#1
(amplicon: 211 bp) and WRKY6#1 (amplicon: 107 bp)WRKY2#2 (amplicon: 260 bp). Figure 7 presented the
representative results of the duplex PCR evaluation for
WRKY6#1, and WRKY2#2 primer sets. Under the
optimized duplex PCR conditions, the four studied primer
sets were able to generate the targeted amplicons
efficiently.
Table 4 summarized genotyping results of 75 samples
of five Kopyor coconut populations (B, J, K, P and S
Kopyor coconuts) using the four SNAP marker loci. The
genotypes of majority individuals in all five populations
(62 out of 75 individuals) were heterozygous in four loci
(Table 4). Six samples (1 K, 3 P, 1 J, and 1 B) were
identified as homozygous in either one or two out four

evaluated SNP loci. Moreover, we identified seven
individuals (3 B, 1 K, 2 P and 1 S) as having 0 (no PCR
amplified product for both Ref and Alt alleles) in one or
two out of four evaluated SNP loci (Table 4).
Figure 8 presents tree construction based on
dissimilarity matrix calculated using the genotype data
from 75 individuals of B, J, K, P and S Kopyor
populations. Most of the individuals belonged to the group
1, consisted of 62 mix accessions of B, J, K, P and S
Kopyor coconut populations having the same genotypes
plus the J1 and J6 individuals from Jember. The group 2
consisted of a mix of total eight of individuals (2 B, 1 K, 3
P, and 2 S) while the group 3 consisted of four samples (2
B, 1 K and 1 S), respectively (Figure 8).
In multiplex PCR, selection of the amplicon sizes for
the target loci needs serious consideration especially if the
size fractionation were carried out using agarose gel
electrophoresis. Such selection is necessary to avoid
overlapping among PCR amplicons (Culley et al. 2013)
which result in ambiguous scoring. Agarose gel
electrophoresis can only differentiate 30 bp differences in
fragments of less than 300 bp while larger DNA fragment
requires larger size differences to be able to score the
amplicons unambiguously (Le et al. 2012; Liu and Wu
2012; Culley et al. 2013). Although multiplex PCR has
advantages, the potential disadvantages should also be
considered before applying the approach such as selection
among different sets of primers and low amplification
efficiency because of primer competition (Xu et al. 2012).
We have analyzed 35 accessions of coconut WRKY
genes available in the NCBI GenBank DNA database,
identified some bi-allelic SNP sites and used the selected
eight SNPs to develop SNAP markers. Each of the
generated primer sets was able to successfully generate
amplicon using singleplex PCR, indicating the
effectiveness of the primer sets to generate SNAP markers.
Since genotyping using the SNAP marker require two PCR
reactions for each evaluated SNP locus, optimized duplex
PCR using two sets of the generated primers in one PCR
reaction could be used to save resources. Using the
generated WRKY specific SNAP markers, we have
demonstrated the effectiveness and informativeness of
duplex PCR to evaluate genotypes of five populations of
Kopyor coconut samples originated from various places in
Indonesia.
In summary, based on 35 sequence data of coconut
WRKY genes available in the NCBI GenBank DNA
database, we identified eight informative SNPs and used to
generate WRKY gene specific SNAP primers. Sixteen
primer pairs were designed and selected based on the eight
SNP sites. Validation of the designed primers using
singleplex PCR revealed they were effective for generating
SNAP markers from Kopyor coconut accessions.
Subsequently, we have evaluated optimization of the Ta,
primer concentrations, and either duplex or triplex PCR.
Under the current conditions, the duplex PCR using two
sets of primer pairs was more reliable for genotyping
coconut germplasm using SNAP markers than triplex PCR.
We have successfully demonstrated duplex PCR using four
WRKY specific SNAP markers for genotyping samples of
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Figure 2. Singleplex PCR reactions to validate the effectiveness of the selected SNAP specific primers and amplify SNAP markers from
coconut. The PCR amplifications were conducted using the following primers: (1) WRKY6#1 (Ref and Alt, 107 bp); (2) WRKY19#1
(Ref and Alt, 211/210 bp); (3) WRKY21#3 (Ref and Alt, 237/238 bp); (4) WRKY2#2 (Ref and Alt, 260 bp); (5) WRKY21#1 (Ref and
Alt, 272 bp); (6) WRKY2#1-319/321 bp, (7) WRKY6#3-353/352 bp and (8) WRKY7#1-354 bp. The R-or A-labels represent either the
Reference (Ref) or Alternate (Alt) primers. The primer annealing temperature settings were as listed in Table 3. All primers were used
with their appropriate reverse primers while the PCR reactions were done using the same Pati Dwarf Kopyor coconut DNA as a
template

Figure 3. Genotyping of coconut with SNAP markers using singleplex PCR results in three possible coconut genotypes. (A)
Homozygous for Ref, it scores (+) for Ref and (-) for Alt. The genotypes for the plant is GG, (B) homozygous for Alt, its scores (-) for
Ref and (+) for Alt. The genotypes for the plant is AA and (C) heterozygous for Ref and Alt, its score (+) for Ref and (+) for Alt. The
genotype of the plant is AG

Figure 4. Annealing temperature affects SNAP marker amplification of coconut in duplex PCR. We evaluated effects of annealing
temperatures in duplex PCR and each PCR reaction. The two primer pairs consisted of (A) WRKY6#1 Ref and WRKY2#2 Alt or (B)
WRKY6#1 Alt and WRKY2#1 Ref-were used to amplify two different sizes of amplicons. Amplification of DNA template using
WRKY6#1, both Ref and Alt yielded 107 bp, WRKY2#1-319 bp and WRKY2#2-260 bp amplicons, respectively. All tested primers were used
with their appropriate reverse primers while the PCR reactions were done using the same Kalianda Tall Kopyor coconut DNA template
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Figure 5. Primer concentration affects SNAP marker amplification of coconut in duplex PCR. Amplicons yielded from duplex PCR
using primer concentration of either (A) 0.75 µL of 10 µM or (B) 0.375 µL of 10 µM for each primer. For each duplex PCR reaction,
two primer pairs consisting of WRKY6#1 Ref and WRKY2#2 Alt were used to amplify two different amplicon sizes. Duplex PCR
amplification of DNA template using both WRKY6#1 and WRKY2#2 primer pairs was done using Ta=55.4oC, and the expected
amplicon size was either 107 bp or 260 bp, respectively. All tested primers were used with their appropriate reverse primers while the
PCR reactions were done using the same Kalianda Tall Kopyor coconut DNA template

Figure 6. Multiplex PCR to amplify SNAP marker from coconut using (A) duplex PCR and (B) triplex PCR. For each duplex PCR
reaction, the primer pairs used for M2-1 were WRKY6#1 Ref and WRKY2#2 Ref while for M2-2-WRKY6#1 Alt and WRKY2#2 Alt;
for M2-3 were WRKY6#1 Ref and WRKY2#1 Ref while for M2-4-WRKY6#1 Alt and WRKY2#1 Alt. For each triplex PCR, the
primer pairs used for M3-1 were WRKY6#1 Ref, WRKY2#2 Ref, and WRKY21#1 Ref while M3-2-WRKY6#1 Alt, WRKY2#2 Alt
and WRKY21#1 Alt; for M3-3 were WRKY6#1 Ref, WRKY21#1 Ref, and WRKY7#1 Ref while M3-4-WRKY6#1 Alt, WRKY21#1
Alt and WRKY7#1 Alt. The Ta was set at 55.4oC (M2-1, M2-2, M3.1, and M3.2); 48.8oC (M2-3 and M2-4) or 52.6oC (M3.3 and M3.4).
All primers were used with their appropriate reverse primer while the PCR reactions were done using the same Pati Dwarf Kopyor
coconut DNA template
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Figure 7. Representative results of SNAP marker application to genotype Pati Dwarf (A and B) and Jember Tall (C and D) Kopyor
coconut using duplex PCR. The genotyping was conducted using two pairs of WRKY specific SNAP markers in a duplex PCR reaction.
The two primer pairs are WRKY6#1Ref and WRKY2#2Ref (A and C) and WRKY6#1Alt and WRKY2#2Alt (B and D). We used all of
those primers in duplex PCR with their appropriate reverse primers. 1-15, 15 samples of either Pati Dwarf or Jember Tall Kopyor
coconuts. M, a size control of 100 bp DNA ladder

Table 4. Predicted genotypes of four SNP loci and their frequency in Banten Tall (B), Jember Tall (J), Kalianda Tall (K), Pati Dwarf
(P), and Sumenep Tall (S) Kopyor coconuts based on SNAP markers. The four loci of SNAP marker data were generated using duplex PCR
The frequency of individuals in a
population:
WRKY6#3
WRKY19#1
WRKY6#1
WRKY2#2
B
J
K
P
S
Total
T
C
G
A
C
T
G
C
11
14
13
12
12
62
T
C
G
A
C
T
G
G
1
1
T
C
G
A
T
T
G
C
3
3
C
C
G
A
C
T
G
C
1
1
T
C
G
A
T
T
C
C
1
1
T
C
G
A
C
T
0
0
1
1
T
C
G
A
0
0
G
C
1
1
0
0
G
A
C
T
G
G
1
1
T
C
0
0
C
C
G
C
1
1
T
C
0
0
0
0
G
C
2
2
0
0
0
0
T
T
G
G
1
1
Note: The bi-allelic nucleotides for WRKY6#3 SNP locus are T/C, WRKY19#1-G/A, WRKY6#1-C/T and WRKY2#2-G/C. The “0”
indicates no PCR amplified product. SNP loci shaded with green were heterozygous for Reference (Ref) and Alternate (Alt); yellowhomozygous for either Ref or Alt allele and red-no PCR amplified product using either Ref or Alt primer pair.
Allele variants at WRKY SNP loci:

1
2
3
Figure 8. Unrooted Neighbour-Joining tree (weighted) realized based on dissimilarity matrix for Banten Tall (B), Jember Tall (J),
Kalianda Tall (K), Pati Dwarf (P), and Sumenep Tall (S) Kopyor coconuts based on four loci of SNAP marker genotype data. The
SNAP markers were generated using duplex PCR. The tree shows a total of 75 individuals (15 individuals per population) of B, J, K, P
and S Kopyor coconuts

B I O D I V E R S I T A S 18 (2): 465-475, April 2017

474

Banten Tall, Jember Tall, Kalianda Tall, Pati Dwarf and
Sumenep Tall Kopyor coconuts. Therefore, we can use the
developed SNAP markers as a simple alternative and codominant markers for genetic analysis of coconuts. To be
more useful, more gene-specific primers to generate SNAP
markers are needed. Such approach should be feasible with
the availability of more gene sequences deposited in the
NCBI GenBank DNA database, including ones from
coconut genomes.

ACKNOWLEDGEMENTS
Part of this research was supported by KKP3N-Kopyor
Coconut Research Project, under the Project Number:
708/LB.620/1.1/2/2013, Agency for Agricultural Research
and Development (AARD), Ministry of Agriculture,
Republic of Indonesia (2013-2015). Research grants and
Post Graduate Scholarship from the Ministry of Research,
Technology and Higher Education, the Directorate General
of Higher Education, Republic of Indonesia supported
Anneke Pesik. The authors are thankful to Ismail
Maskromo for his help in sample collection and to Zikril
Illahi for his help in lab activities.

AUTHOR CONTRIBUTIONS
Anneke Pesik has participated in the data collections
and validation-executed the day to day activities in the
laboratory and contributed to the writing of the manuscript.
Darda Efendy, Hengky Novarianto, and Diny Dinarti have
supervised Anneke Pesik’s laboratory activities-assisted
and reviewed the manuscript preparation. Sudarsono
Sudarsono has been the principal investigator for the
Indonesian Kopyor Coconut Project and the corresponding
author-designed and organized the research, identified SNP
and designed SNAP primers, develop SNAP markers,
conducted data analysis, prepared supporting data for
publication and wrote the manuscript.

REFERENCES
Bakooie M, Pourjam E, Mahmoudi SB, Safaie N, Naderpour M. 2015.
Development of an SNP marker for sugar beet resistance/susceptible
genotyping to root-knot nematode. J Agr Sci Tech 17: 443-454.
Bru D, Laurent FM, Philippot L. 2008. Quantification of the detrimental
effect of a single primer-template mismatch by real-time PCR using
the 16s rRNA gene as an example. App Env Microbiol 74 (5): 16601663.
Chaerani, Hidayatun N, Utami DW. 2009. Development of a set of
microsatellite DNA markers present in genetic variation of the rice
and soybean [in Indonesia]. J AgroBiogen 5 (2): 57-64.
Chagné, Gasic DK, Crowhurst RN, Han Y, Bassett HC, et al. 2008.
Development of a set of SNP markers present in expressed genes of
the apple. Genomics 92 (5): 353-358.
Ching A, Caldwell KS, Jung M, Dolan M, Smith OSH, et al. 2002. SNP
frequency, haplotype structure and linkage disequilibrium in elite
maize inbred lines. BMC Genetics 19 (3): 1-14.
Cho J, Lu C, Kohel RJ, Yu JZ. 2011. Development and mapping of genetagged SNP markers for gland morphogenesis in cotton. J Cotton Sci
15: 22-32.

Culley TM, Stamper TI, Stokes RL, Brzyski JR, Hardiman NA, et al.
2013. An efficient technique for primer development and application
that integrates fluorescent labeling and multiplex PCR. Appl Plant Sci
1 (10). doi:10.3732/apps.1300027.
EulgemT, Rushton PJ, Robatzek S, Somssich IE. 2000. The WRKY
superfamily of plant transcription factors. Trends Plant Sci 5: 199206.
Fang WP, Meinhardt LW, Tan HW, Zhou L, Mischke S, Zhang D. 2014.
Varietal identification of tea (Camellia sinensis) using nanofluidic
array of single nucleotide polymorphism (SNP) markers. Hortic Res
1: 14035. DOI: 10.1038/hortres.2014.35.
Hayden JM, Nguyen TM, Waterman A, Chalmers KJ. 2008. Multiplexready PCR: a new method for multiplexed SSR and SNP genotyping.
BMC Genomics 80 (9): 1-12.
Kim JS, Jang HW, Kim JS, Kim HJ, Kim JH. 2012. Molecular
identification of Schisandra chinensis and its allied species using
multiplex PCR based on SNPs. Genes Genomics 2012 (34): 283-290.
Larekeng SH, Maskromo I, Purwito A, Mattjik NA, Sudarsono S. 2015a.
Pollen dispersal based on SSR analysis proves Kalianda to Kopyor
coconut pollinations. Bulletin Palma 16 (1):77-92. [Indonesian]
Larekeng SH, Maskromo I, Purwito A, Mattjik NA, Sudarsono S. 2015b.
Pollen dispersal and pollination pattern studies in Pati Kopyor
coconut using molecular markers. Intl J CORD 31 (1):46-60.
Le TH, Nguyen KT, Nguyen NTB, Doan HTT, Le XTK, et al. 2012.
Development and Evaluation of a Single-Step Duplex PCR for
Simultaneous Detection of Fasciola hepatica and Fasciola gigantica
(Family Fasciolidae, Class Trematoda, Phylum Platyhelminthes). J
Clinical Microbiol 50 (8): 2720-2726.
Li X, Gao W, Guo H, Zhang X, Fang DD, Lin Z. 2014. Development of
EST-based SNP and InDel markers and their utilization in tetraploid
cotton genetic mapping. BMC Genomics 15 (1): 1-11.
Liu L, Wu Y. 2012. Development of a genome-wide multiple duplex-SSR
protocol and its applications for the identification of selfed progeny in
switchgrass. BMC Genomics 13 (522): 1-13.
Mammadov J, Aggarwal R, Buyyarapu R, Kumpatla S. 2012. SNP
markers and their impact on plant breeding. Intl J Plant Genomics
2012: 1-11.
Masi P, Spagnoletti ZPLS, Donini P. 2003. Development and analysis of
multiplex microsatellite markers sets in common bean (Phaseolus
vulgaris L.). Mol Breed 11: 303-313.
Maskromo I, Tenda TE, Tulalo MA, Novarianto H, Sukma D, et al. 2015.
Fenotipic and genetic diversity of three Dwarf Kopyor coconut from
Pati, Central Java, Indonesia. J Littri 2 (1): 1-8. [Indonesian]
Migliaro D, Morreale G, Gardiman M, Landolfo S, Crespan M. 2012.
Direct multiplex PCR for grapevine genotyping and varietal
identiﬁcation. Plant Genet Resour 2012: 1-4.
Mousset M, Flaven E, Justy F, Pouzadoux J, Gode C, et al. 2015.
Characterization and multiplexing of 21 microsatellite markers for the
herb Noccaea caerulescens (Brassicaceae). Appl Plant Sci 3 (12): 1-6.
Olmos CC, Vilanova S, Pascual L, Roselló J, Cornejo JC. 2015. SNP
markers applied to the characterization of Spanish tomato (Solanum
lycopersicum L.) landraces. Sci Hortic 194: 100-110.
Ren J, Sun D, Chen L, You FM, Wang J, et al. 2013. Genetic diversity
revealed by single nucleotide polymorphism markers in a worldwide
germplasm collection of durum wheat. Intl J Mol Sci 14: 7061-7088.
Sheng ZL, Becquet V, Hua LS, Zhang D. 2003. Optimization of multiplex
PCR and multiplex gel electrophoresis in sunflower SSR analysis
using infrared fluorescence and tailed primers. Acta Botanica Sinica
45 (11): 1312-1318.
Simko I, Eujayl I, Hintum TJL. 2012. Empirical evaluation of DArT,
SNP, and SSR marker systems for genotyping, clustering, and
assigning sugar beet hybrid varieties into populations. Plant Sci 184:
54-62.
Singh N, Choudhury DR, Singh AK, Kumar S, Srinivasan K, et al. 2013.
Comparison of SSR and SNP markers in estimation of genetic
diversity and population structure of Indian rice varieties. PLoS One 8
(12): e84136. doi: 10.1371/journal.pone.0084136.
Sint D, Raso L, Traugott M. 2012. Advances in multiplex PCR: balancing
primer efﬁciencies and improving detection success. Methods Ecol
Evol 2012 (3): 898-905.
Sudarsono, Novarianto H, Hossang MLA, Dinarti D, Yuliasti, et al. 2015.
Genomic and molecular approach for developing exotic coconut
cultivars from Indonesia, propagation of the planting materials and
control of the insect pests. Final report, KKP3N Kopyor Coconut
Project, Agency for Agricultural Research and Development

PESIK et al. – SNAP marker development in Kopyor coconut
(AARD), Ministry of Agriculture, Republic of Indonesia.
[Indonesian]
Sukendah, Volkaert H, Sudarsono. 2009. Isolation and analysis of DNA
fragment of genes related to Kopyor trait in coconut plants.
Indonesian J Biotech 14 (2): 1169-1178.
Sutanto A, Hermanto C, Sukma D, Sudarsono. 2013. Development of
SNAP marker based on resistance gene analogue genomic sequences
in banana (Musa spp.). J Hort 23 (4): 300-309. [Indonesian]
Wang B, Tan HW, Fang W, Meinhardt LW, Mischke S, et al. 2015.
Developing single nucleotide polymorphism (SNP) markers from
transcriptome sequences for identification of longan (Dimocarpus

475

longan) germplasm. Hortic Research 65: 14065. DOI:
10.1038/hortres.2014.65.
Wen D, Zang C. 2012. Universal multiplex PCR: a novel method of
simultaneous amplification of multiple DNA fragments. Plant
Methods 32 (8): 2-9.
Xu W, Zhai Z, Huang K, Zhang N, Yuan Y, et al. 2012. A novel universal
primer-Multiplex-PCR method with sequencing gel electrophoresis
analysis.
PLoS
One
7
(1):
e22900.
DOI:
10.1371/journal.pone.0022900.
Zhang Y, Wang L. 2005. The WRKY transcription factor superfamily: its
origin in eukaryotes and expansion in plants. BMC Evol Biol 5 (1): 112.

BIODIVERSITAS
Volume 18, Number 1, January 2017
Pages: 476-482

ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d180105

The effect of various types of forest fires on pine resin productivity in
Gunung Walat University Forest, Sukabumi, Indonesia
1

CHRISTINE DELLA PRASETYA1,2,♥, LAILAN SYAUFINA3, GUNAWAN SANTOSA4
Faculty of Forestry, Graduate School of Institut Pertanian Bogor. Jl. Lingkar Akademik, Campus IPB Dramaga, PO Box 168, Bogor 16680, Indonesia.
♥
email: chrstnedp@gmail.com.
2
Program of Tropical Silviculture, Department of Silviculture, Faculty of Forestry, Institut Pertanian Bogor. Bogor 16680, West Java, Indonesia.
3
Department of Silviculture, Faculty of Forestry, Institut Pertanian Bogor. Bogor 16680, West Java, Indonesia.
4
Department of Forest Management, Faculty of Forestry, Institut Pertanian Bogor. Bogor 16680, West Java, Indonesia.
Manuscript received: 17 October 2016. Revision accepted: 13 February 2017.

Abstract. Prasetya CD, Syaufina L, Santosa G. 2017. The effect of various types of forest fires on pine resin productivity in Gunung
Walat University Forest, Sukabumi, Indonesia. Biodiversitas 18: 476-482. Gunung Walat University Forest (GWUF) of Sukabumi,
Indonesia is one of pine resin producers that has 71 hectares of resin production area. The forest fire burned 7 hectares of resin
production area in August 2015 was expected to affect the resin productivity. The aim of this study was to analyze the effect of each
type of forest fire to pine resin productivity and analyze the correlation between the biophysic aspect and pine resin productivity after
the fire. The types of forest fire were litter and shrub fire, stem fire, and crown fire. ANOVA test showed that the types of forest fire
have significant effect to resin production with the value of Ftable (3.12)<Ftest (4.88) and Pvalue (0.006)<α (0.05). The Tukey test showed that the
stem fire and the crown fire gave the most significant result to the resin production with the mean of resin productivity value (g/tree/day)
respectively 24.54 and 21.698.
Keywords: Fire effect, pine resin, productivity

INTRODUCTION
A forest is an ecosystem unit in the form of an expanse
of land filled with natural resources that are dominated by
trees in their natural forms and their environment where
they are inseparable from one another (President of the
Republic of Indonesia 1999). Forests in Indonesia are highly
prone to various disturbances, both natural disturbances
and man-made disturbances. One most common form of
forest disturbances is forest fires. Forest fires may cause
economic, ecological, and social losses in the short and
long terms (Syaufina 2008). A decrease in forest
productivity could be caused by forest fires as the forest
products decrease due to the damage to stands.
Non-timber Forest Products (NTFPs) are defined as
everything that is in and originates from forests except for
timber, including beneficial environmental services (FAO
1992). NTFPs are natural resources which have very good
prospects to be developed in Indonesia. The harvesting of
NTFPs is usually conducted sustainably without damaging
the forest. One of the important NTFPs in Indonesia which
brings many benefits for industries is pine resin. According
to FAO (2010), Indonesia is the second largest pine resin
producer in the world after China at 69,000 tons (10% of
the total world production).
The resin produced by pine trees is classified as
oleoresin which is a fluid consisting of resin acids which
seep out when the resin vascular in the pine tree are injured
(Kozlowski and Pallardy 1997). Rosin is the product of
pine resin distillation which is also called gum rosin, pine
rosin, or colophony. Rosin is a clear, pale yellow to dark

yellow solid having a clear liquid side product called
turpentine. The use of pine resin has rapidly developed,
namely, as the main ingredient for varnish, as sizing
material of soaps, as scrubbing material, as ink material,
and as paint material in the paint industry. Turpentine is
commonly used as paint material and varnish diluent, wax
diluent, and an ingredient for synthetic camphor.
Gunung Walat University Forest (GWUF) which is
located in Sukabumi District, West Java Province,
Indonesia is a pine resin producer. GWUF has pines
growing on ± 125 hectares. The area of the pine forest used
for resin production is ± 71 hectares. Pine resin in GWUF
is harvested from a number of pine species: Pinus merkusii,
Pinus oocarpa, and Pinus insularis (syn. Pinus kesiya). In
August 2015, there was a forest fire which struck 7
hectares of the pine stand area. This incident is believed to
affect the production of pine resin for both short and long
term. This study aimed to determine how far the three types
of forest fire incident in the pine stand area affected the
pine resin productivity.
MATERIALS AND METHODS
Study area
Gunung Walat University Forest is located in Sukabumi
District, West Java, Indonesia, and geographically is located at
6°54’23”-6°55’35” S and 106°48’27”-106°50’29” E
(Figure 1). The study was conducted in the unburned P.
merkusii production forest and nine months post-fire in the
Tanabe block in the Gunung Walat University Forest
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Figure 1. Map of Gunung Walat University Forest in Sukabumi District of West Java, Indonesia

(GWUF), Sukabumi, West Java, between May and June 2016.
Procedures
Equipment and materials
The material used was ETRAT stimulant. The
equipment used in this study were cameras, tally sheets,
nails, hammers, 1 kg plastic bags, sprayers, permanent
markers, tree tags, aluminum spouts, labels, digital scales, a
thermohygrometer, and a densitometer.
Determination of the types of fire
Determination of the types of fire in this study was
conducted based on the field conditions observed in a
preliminary survey. The results of the preliminary survey at
the observation site revealed that there were three types of
fire that had happened: (i) Litter and shrub fire: the litter
and shrubs around the observed trees showed evidence of
being burnt. (ii) Stem fire: part of or the entire trunk of the
observed trees showed evidence of being burnt. (iii) Crown
fire: the entire tree up to the crown of the observed trees
showed evidence of being burned.

Determination of the fire severity and fire intensity
The measure of fire severity and fire intensity is
important to measure the effect of fire on pine resin
productivity. DeBano et al. (1998) classified the fire
severity in three groups, which were:
Based on soil resource responses: (i) Low fire
severity: Low soil heating, or light ground char, occurs
where litter is scorched, charred, or consumed by fire, but
the duff is left largely intact, although it can be charred on
the surface. Woody debris accumulations are partially
consumed or charred. Mineral soil is not changed. Fire
severity in forest ecosystems is considered low when the
litter and duff layers are scorched but not altered over the
entire depth. The surface is mostly black in a shrubland or
grassland ecosystem, although gray ash can be present for a
short time. Soil temperature at 1 cm is less than 50oC.
Lethal temperatures for soil organisms occur down to the
depths of about 1 cm. (ii) Moderate fire severity: Moderate
soil heating, or moderate ground char, occurs when the
litter on forest sites is consumed, and the duff is deeply
charred or consumed, but the underlying mineral soil
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surface is not visibly altered. The light color of ash is
present. Woody debris is mostly consumed, except for logs,
which are deeply charred. On scrubland or grassland sites,
gray or white ash is present and char can be visible in the
upper 1 cm of mineral soil, but the soil is not altered. Soil
temperatures at the 1 cm depth can reach 100 to 200oC.
Lethal temperatures for soil organism occur down to depths
of 3 to 5 cm. (iii) High fire severity: High soil heating or
deep ground char occurs where the duff is completely
consumed and the top of mineral soil is reddish or orange
on severely burned sites. The color of the soil below 1 cm
is darker or charred from organic material. The charred
layer can extend to a depth of 10 cm or more. Logs can be
consumed or deeply charred, and deep ground char can
occur under slash concentration or burned-out logs. Soil
texture in the surface layers changed and fusion showed by
clinkers can be observed locally. All shrub stems are
consumed and only the charred remnants of large stubs
may be visible. Soil temperatures at 1 cm are greater
250oC. Lethal temperatures for soil organisms occur down
to depths of 9 to 16 cm.
Based on the percentage of the total area that
burned: (i) Low fire severity: Less than 2% of the area is
severely burned, less than 15% is moderately burned, and
the remainder of the area is burned at a low severity or
unburned. (ii) Moderate fire severity: Less than 10% of the
area is severely burned, but over 15% is burned
moderately, and the remainder is burned at low severity or
unburned. (iii) High fire severity: More than 10% of the
area has spots that are burned at high severity, more than
80% moderately or severely burned, and the remainder is
burned at a low severity.
Based on damage on the burned trees: (i) Low fire
severity: At least 50% of the trees exhibit no visible
damage, with the remainders have scorched canopy, dead
shoot (died on the shoot tip but able to sprout), or dead root
(died on the root tip and unable to sprout); over 80% of the
fire-damaged trees survive. (ii) Moderate fire severity: 2050% of the trees exhibit no visible damage, with the
remainders are fire-damaged; 40-80% of the fire-damaged
trees survive. (iii) High fire severity: Less than 20% of the
trees exhibit no visible damage, with the remainders are
fire-damaged, and have mostly dead roots ; less than 40%
of the fire damage trees survive.
The measure of fire intensity is using Byram’s intensity
(I) which is measured by fire line intensity. The fire line
intensity has been related empirically to flame height (h).
This equation is often simplified for field use as:
I (kW/m) = 300h2
Determination of pine resin productivity
Initial preparations for this study were preparing the
equipment and materials, conducting a site survey, and
collecting secondary data on the general condition of the
study location, on the history of the forest fire in GWUF,
and on resin production of the stands before being scorched
by fire. The samples were 80 trees; 20 trees of unburned P.
merkusii, 20 trees with burned litter and shrub, 20 trees
with damaged stem from the fire, and 20 trees with

scorched crown from the fire. The tree samples were
marked with tree tags.
The tapping method employed on the 80 sample stands
was the Quarre method. The shrubs surrounding the tree
bark were cleared and the tree bark was scraped off using a
cleaver; the groove was 3 mm deep and 20 cm wide (the
starting point of the tapping groove was 20 cm above the
ground). A tapping spout was then affixed to the bottom of
the groove using a nail and a 0.5 kg capacity plastic bag
was attached to collect the resin. The groove in the trunks
of each sample stand was then sprayed with the liquid
stimulant ETRAT for as much as 0.5 mL/groove (one
spray). ETRAT 1240 is a product used in pine tapping
which consists of 100 ppm ethylene and 150 ppm citric
acid. The resin was harvested every 3 days which was
followed by renewing the Quarre at a height of 0.5 cm and
spraying the liquid stimulant ETRAT at a dose of 0.5
mL/groove/3 days (the harvesting was conducted ten
times). The yield was weighed every time harvesting was
conducted for the ten harvests using a digital scale.
Data analysis
The analysis of data was conducted with a Complete
Randomized Design where the response was obtained from
the unburned (control) and burned based on the types of
fire, namely litter and shrub fire, stem fire, and crown fire.
This study used 80 sample trees selected randomly then
classified into 20 trees for each fire type. The determination
of the number of trees referred to the experiment design
guidelines in Walpole et al. (1993) where each fire type in
the experiment design had at least three repeats.
Each fire type was analyzed using the analysis of
variance (ANOVA) with the Complete Randomized Design
model. The analysis of variance was conducted to discover
if the fire types had an effect on the increase in pine resin
productivity. The results of the ANOVA were then
followed up with the Tukey test or the Honest Significant
Difference (HSD). The hypothesis in this study was that
each of the types of fire had a different effect on pine resin
productivity at a significance of 95%.
RESULTS AND DISCUSSION
Pine resin productivity
This study classified tree samples into four groups,
namely litter and shrub fire, stem fire, crown fire, and
control. The classification of stands based on the types of
fire was meant to identify the types of fire that have a
significant effect or are significantly different from the
control. The average resin production (g/tree/day) in the
control stands was 12.78 g/tree/day, which was the lowest
average resin production amongst the other three fire types.
The highest average resin production was found in the stem
fire at 24.45 g/tree/day (Table 1).
The lowest resin productivity was found in the stands in
the control plot and highest in the stands in the stem fire
plot. After the sixth to the eighth harvests, resin production
in all the fire types declined, and this was caused by the
rise of precipitation at the study location, causing the
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temperature and sunlight intensity to drop, which was
followed by a decrease in resin productivity (Figure 2).
Testing the response of resin productivity using
ANOVA was conducted to demonstrate statistically if
different types of fire had a significantly different effect at
a 95% confidence interval. Based on the ANOVA test, it
could be seen that Pvalue < Fcount, so that the Ho hypothesis
that stated that different types of fire had a significant
effect on resin productivity at a 95% confidence interval
was rejected (Table 2). And then a follow-up test in the
form of the Tukey/Honest Significant Difference (HSD)
test to discover which type of fire had the most
significantly different effect on resin productivity. Based
on the results of the Tukey test, it was concluded that the
stem fire and crown fire were very significantly different
from the control, whereas the litter and shrub fire was not
very significantly different from the control and the stem
fire and crown fire (Table 3).
The biophysical aspect
The resin productivity response in each fire type tended
to be similar. This similar response was assumed to be
caused by the fire that occurred at the study site did not
have a significant effect on the biophysical conditions in
each of the plots that were still in one land area.
Biophysical conditions could affect resin productivity and
change the land cover. The biophysical aspects included
temperature, humidity, and canopy cover (Table 4). The
results of the measurements revealed that the three
measured parameters in each fire type tended to be similar,
leading to a similar response of pine resin production in all
the fire types.
Discussion
Since being established as educational forest in 1969,
GWUF has land width of about 359 hectares. About 75%
land cover in GWUF are even-aged forest that had been
planted since 1958. The even-aged forests in GWUF are
damar (Agathis dammara), pine (Pinus merkusii, Pinus
oocarpa, Pinus caribaea, and Pinus insularis), rasamala
(Altingia excelsa), and puspa (Schima wallichii). Even aged
pine forest area in GWUF is about 125 hectares and the
pine resin production area is about 71 hectares. The forest
fire in August 2015 occurred on 7 hectares of the pine resin
production area, this occurrence may affect the pine resin
productivity considering the wideness of burned area which
was about 10% of pine resin production area. The forest
fire in the last five years in GWUF at Cimenyan blocks
happened on September 1, 2012 and August 14, 2015.
Those incidents were caused by the same activity namely
land preparation of cultivation activity by society
surrounding GWUF. Cultivation activities done by society
surrounding GWUF were assumed to cause the fire in
GWUF pine area. The area making border with society
land has a slope with average declivity of 30o which is
categorized as sheer land and also has high wind velocity.
Dominating vegetation in that area is grass, shrubs, and
pine trees. Abundant availability of those fuels may be the
factor that stimulates the occurrence of the fire started by
human activity in land preparation.

479

The study was conducted in the Gunung Walat
University Forest (GWUF) that had ±125 hectares of pine
trees, in Tanabe Block, the block that had been burned in
August 2015. The fire at the observation location was
classified into three types of fire, namely litter and shrub
fire, stem fire, and crown fire. The study was conducted to
observe if there were any differences in response to each
type of fire nine months after the fire burning down the
trees. The
Table 1. Pine resin productivity in Gunung Walat University
Forest, Sukabumi District, West Java, Indonesia
Harvesting Control
period
(g)
1
2
3
4
5
6
7
8
9
10
Total
Mean

8.27
4.27
7.12
11.81
15.30
18.15
22.29
15.41
12.86
12.35
127.85
12.78

Litter and
shrub fire
(g)
10.12
5.56
12.74
17.09
23.12
26.02
25.32
25.35
25.64
27.23
198.19
19.82

Stem
fire
(g)
12.00
9.19
17.98
20.93
27.45
29.24
31.47
33.41
30.85
32.03
244.55
24.45

Crown
fire
(g)
12.87
10.30
18.59
21.43
26.08
25.04
25.68
27.14
24.45
25.41
216.98
21.70

Mean
(g)
10.82
7.33
14.11
17.81
22.99
24.61
26.19
25.33
23.45
24.26

Table 2. Analysis of variance (ANOVA) test of pine resin
productivity in Gunung Walat University Forest, Sukabumi
District, West Java, Indonesia
Source
Fire types
Error
Total

Degree of
freedom
(DF)
3
36
39

Sum of
Square
(SS)
744.3
1828.7
2573.0

Mean of
Square
(MS)
248.10
50.80

Ftest

Pvalue

4.88

0.006

Table 3. Tukey test/ Honest Significant Difference (HSD) test
Mean of productivity
(g/tree/day)
Control
12.785b
Litter and shrub fire
19.818ab
Stem fire
24.54a
Crown fire
21.698a
Note: The different superscript character in “Mean of
productivity” column shows the significant difference result
(P<0.05)
Fire type

Table 4. Biophysical aspect in Gunung Walat University Forest,
Sukabumi District, West Java, Indonesia
Mean

Control

Temperature (°C)
Humidity (%)
Canopy cover (%)

28.14
80.17
43

Litter and
shrub fire
29.05
77.30
32

Stem
fire
28.77
78.10
34

Crown
fire
27.57
80.53
33
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Figure 2. Pine resin productivity from each type of fire in
Gunung Walat University Forest, Sukabumi District, West Java,
Indonesia

most dominant pine species in the study location was P.
merkusii and P. oocarpa, but data were only collected from
P. merkusii. The species Pinus merkusii is an endemic
species of Aceh, North Sumatra, and Jambi. This species is
also planted in West Sumatra, Java, South Sulawesi, North
Sulawesi, and South-East Sulawesi. Indonesia is the third
largest pine resin producer in the world after China and
Portugal (Wiyono et al. 2006) and it contributes to an
approximate 8% of the world pine resin market (Fachrodji
et al. 2009). Pine resin is a secondary metabolic product in
the form of a clear, viscous, and sticky liquid. Pine resin
contains terpenoids, hydrocarbons, and other compounds.
Distillation of pine resin will produce rosin and a distillate
called turpentine oil (Sukadaryati and Dulsalam 2013).
The fire types in this study are classified based on the
type of fire only. Tree samples were given stimulant
(Matangaran et al. 2012). There are various stimulants used
in pine tapping activities, but the main ingredient is sulfuric
acid and nitric acid which are strong oxidizers (Yusnita et
al. 2001). The application of a stimulant on pine stands
post-fire is expected to increase the resin production. The
application of the stimulant ETRAT which contains
ethylene and citric acid could increase resin productivity by
activating the ethylene in the plant which will stimulate
exudation of resin (Santosa 2011). The study conducted by
Spanos et al. (2010) used a stimulant paste which consisted
of sulfuric acid, water, and kaolin to increase resin
productivity. However, the factor that strongly determines
resin productivity is the tree’s optimum ability to produce
pine resin (Sukadaryati and Dulsalam 2013).
Based on soil condition, the fire on the research site was
measured as low severity fire, where the soil heating was
low, the shrub charred or consumed but the duff is left
largely intact, the soil surface was black and gray on short
time. Based on total burned area, the fire has burned 7
hectares out of 71 hectares pine resin production area or
about 10% of total resin production area. Therefore, based
on total burned area, it was categorized as low severity fire,
where <10% area was severely burned, >15% was
moderately burned and the remainings were burned at low
severity or unburned at all. Based on fire damage on trees,

it was categorized as low severity fire, where 50% of the
trees exhibit no visible damage, and the remainings are
either with scorched crowns, dead shoots, or dead roots,
and over 80% of the fire-damaged trees survive. Overall,
the former fire in GWUF on August 2015 was categorized
as low-severity fire. Based on fire height, the fire reached
12 m on the tree stem, and it obtained fire intensity with the
amount of 43,200 kW/m and was categorized as highintensity fire and potentially caused fire spot in surrounding
area whenever the wind speed and the fire were high.
Pine resin productivity in one area could also be
different because of genetic variability between individuals
on the location which would affect the tree’s ability to
produce pine resin (Sukarno et al. 2015). Pine resin
productivity is also very much influenced by the size,
distribution, and a number of resin ducts in the pine trunk
and a number of parameters can be used in analyzing the
anatomy and morphology of resin ducts (Reid and Watson
1966). Zanski (1970) reported that resin productivity is
influenced by a number of factors: soil, climate, the use of
chemicals, tree age, silvicultural treatments, and tree
genetics. Spanos et al. (2010) found a low correlation
between the height of trees and the amount of resin
productivity at a value of R2=0.315. Therefore, it could be
concluded that the height of a tree does not have a
correlation to its resin productivity.
Resin productivity is strongly influenced by the tree’s
optimum ability in producing pine resin. The tree’s ability
is influenced by the resin canal system in the tree itself.
The resin canal system is a complex metabolism which
functions as the pine tree’s defense against various
disturbances such as taping, insects, and fire (Alfaro et al.
1997). If the cross-section of the tree is observed, the resin
canals are positioned longitudinally in the xylem and
produce resin when connected to the radial resin canals
located between the xylem and phloem (Wu and Hu 1997).
Napp-Zinn (1966) classified 4 types of resin canals based
on their position in the pine trunk: (i) hypodermic canals;
(ii) canals surrounded by chlorenchyma; (iii) canals that are
in the vessel sheath in the chlorenchyma; and (iv) canals in
the vessels inside the vessel sheath. There was a positive
correlation between resin productivity and the density of
axial resin canals (Blanche et al. 1992). A number of
researchers, including Alfaro et al. (1997), discovered that
the number, size, and density of resin canals in the xylem
or phloem have a positive correlation to resin productivity.
Resin tapping with the Quarre method is conducted by
peeling the pine bark without harming the wood tissue.
However, the problem that might arise is the attacks of
pests due to the exposed bark. Two insect species that are
partial to turpentine in the south-eastern parts of America
are Dendroctonus terebrans and Buprestis apricans. These
insects place their eggs and larvae in parts of trees that are
injured by tapping, and these insects are extremely
destructive and can decrease resin productivity (William
1996). However, after being wounded (mechanical, animal,
fire, and other disturbances), some types of pine produce
more resin canals than in normal conditions.
Resin productivity in each fire type underwent a decline
after the second harvest because of the traumatic response
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of the stands after the first tapping. Resin productivity
began to rise at the third and subsequent harvests because
there were no more traumatic responses on the wood, but
the injury (tapping) in the wood became a stimulus for the
wood to activate the ethylene hormone which will produce
resin for healing the injury (Figure 2). Resin productivity is
also affected by the biophysical conditions in the field.
These biophysical conditions could increase or decrease
resin productivity. The biophysical aspects included
temperature, humidity, and canopy cover (Table 4). The
results of the measurements revealed that the three
parameters measured in each fire type had a tendency to be
similar, so the responses tended to also be similar in all fire
types.
The results of the ANOVA test which showed that the
fire types had a significant influence on resin production
were then followed up with the Tukey test to see which
type of fire having the most significant effect. The results
of the Tukey test revealed that the fire types that had the
most significant influence on resin production were stem
fire. The average resin productivity in trees surviving the
stem fire was 24.54, which was the highest among the other
fire types (Table 1). Table 3 showed the results of Tukey
test on resin productivity
Based on the ANOVA and Tukey tests, it still could not
be concluded how many burnt tree is needed to increase
resin productivity. The factors that strongly influenced the
results of this study were weather, human disturbances, and
animal disturbances. The forest fire in GWUF has caused a
change in the microclimate. According to Mutke et al.
(2005), climate change had a negative effect on non-timber
forest products, including pine resin, in Central Spain.
Climate has different effects on resin productivity. The
research by Pardos et al. (1976) stated that there was a
direct effect on resin productivity, for example temperature
which can affect resin fluidity, while Genova et al. (2014)
stated that there was an indirect effect on resin production,
for example, resin and water stress have a strong influence
on the anatomic structure of trees and the biosynthesis
process of resin and secretion. The human disturbances
were in the way like people having a picnic or riding
motorcycles in the forest and the path used by people is the
right place for a study. Other disturbances included animal
disturbances, especially from wild pigs which tracks were
found around trees). They did damage to the resin
collection vessels of a certain tree
On several temperate countries, the use of fire in the
pine forest is for various reasons, such as forage
improvement and hunting. Sometimes, the fire was
originated from agriculture activities that spread to pine
forest. Prescribed burning as one of forest management and
conservation tools in a tropical forest is not applied widely.
Whereas, prescribed burning can provide habitats for a
number of vegetation and animal species. Unfortunately, in
most countries with tropical pine ecosystem, the important
role of fire is not understood and prescribed fire is not an
accepted ecosystem management tool because to sprout up
new vegetation is not hard, so the using of fire to stimulate
the growth of new species is not necessary. According to
Seijo et al. (2015), fire is a useful ecosystem management
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tool. The most important perceived utility is a tool to
improve fertility and clear shrubs or trees from arable land.
Fire is also a useful tool for improving habitat for hunting
species. Based on those research, prescribed burning may
provide some benefit for forest ecosystem, but its utilizing
need some regulation.
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Abstract. Karmini, Sarminah S, Karyati. 2017. Economic analysis of groundnut (Arachis hypogaea) and soybean (Glycine max) as
intercropping plants in two agroforestry systems. Biodiversitas 18: 483-493. An agroforestry is a farming system combining forestry
plant and agricultural plant. Two agroforestry systems of sengon (Falcataria moluccana)-groundnut (Arachis hypogaea) and jabon
(Anthocephalus cadamba)-soybean (Glycine max) have been done and are proven to be successful. The objective of this study was to
analyze the application of A. hypogaea and G. max as intercropping plants in two agroforestry systems from the aspect of economy. The
study was conducted from January to June 2016 in Education Forest, Forestry Faculty, Universitas Mulawarman, Samarinda City, East
Kalimantan Province, Indonesia. Data analysis was done to calculate the cost, revenue, and profit of the application of A. hypogaea and
G. max as intercropping plants in two agroforestry systems. The results indicate that two agroforestry systems of F. moluccana-A.
hypogaea and A. cadamba-G. max are feasible and applicable to rehabilitate the critical lands. The application of A. hypogaea as an
intercropping plant in the agroforestry system of F. moluccana and A. hypogaea expended total cost as much as Rp. 10,985,000.00 ha-1
cs-1, and it obtained total revenue as much as Rp. 14.000.000,00 ha-1 cs-1, so it gave profit as much as Rp. 3,015,000.00 ha-1 cs-1. An
agroforestry system of F. moluccana and A. hypogaea gives many benefits from the aspect of economy, social, ecology, and
conservation. Total cost, total revenue, and profit of the application of G. max as an intercropping plant in the agroforestry system of A.
cadamba and G. max, in the first year in the first cropping season, were Rp. 11,019,000.00 ha-1 cs-1; Rp. 3,500,000.00 ha-1 cs-1; and Rp.
7,519,000.00 ha-1 cs-1, respectively. Although G. max farm was not profitable to do in some critical lands, the agroforestry system of A.
cadamba and G. max gave many benefits from the aspect of ecology and conservation.
Keywords: Agroforestry, Arachis hypogaea, economic analysis, Glycine max

INTRODUCTION
Agroforestry is a system of farm activities which
combines plant or other kinds of forestry plant with the
agricultural plant. Agroforestry activity could be done at
farm area, inside or outside of forest area. Agroforestry
system could be applied to critical land or degraded land.
According to Sudomo (2007), agroforestry is a model of
community forest or social forestry which is expected to
enable the increase of land productivity per wide area and,
in future, it can increase community welfare. Besides,
agroforestry is expected to have a positive function in land
and water conservation, since it is applied mostly in
degraded areas as an effort to rehabilitate the land.
Agroforestry system uses a combination of many kinds
of forestry plants with agricultural plants. The tree raises
positive effect on the supply of ground water for the
intercrops that grow among trees. Besides, shelter gives
buffer effect to anticipate the temperature fluctuation and
extreme temperature of both ground temperature and
atmosphere temperature of the land (Hamid 2008). Some
previous researches chose sengon (Falcataria moluccana
(Miq.) Barneby & J.W. Grimes) as forestry plant in
agroforestry system, and combined it with other
agricultural plants. The combination of sengon with other
plants was as follows: sengon-nilam (Sudomo 2007),

sengon-maize-chili-stick nut (Hamid 2008), sengon-coffeecacao-gliricidia-maize-ginger-stick nut (Mindawati et al.
2013),
groundnut-sengon-manglid
(Swestiani
and
Purwaningsih 2013), sengon-paddy (Wahyudi and
Panjaitan 2013), and sengon-groundnut (Widiyanto and
Sudomo 2014).
Sudomo (2007) stated that most people like to cultivate
F. moluccana because it was fast-growing and easy
breeding, and its timber could be used to make many
products such as furniture and firewood, and its leaf could
be used as cattle provisions and as compost material.
Moreover, F. moluccana and nilam are proven to have
potential to be cultivated in agroforestry system at
Sukamulih Village, Tasikmalaya District, Indonesia.
Meanwhile, the study result of Wahyudi and Panjaitan
(2013) indicated the superiority of agroforestry system that
uses a combination of F. moluccana and upland paddy.
That system becomes the best choice in the development of
Industrial Plantation Forest, because it gives the best yield
rate of F. moluccana and upland paddy, creates job
opportunities, increases income of local community, grows
own feeling on natural resources, creates positive
perception to develop the plantation forest and
agroforestry, guards the forest security, and decreases the
degradation rate of forest. The fact in the field shows that
most land is in critical and damage condition because of the
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continuous effort to fulfill the economic need. People have
to contact with nature, so the activity to rehabilitate forest and
its surrounding area has a potential conflict (Nasution
2010).
According to Sembiring et al. (2014), groundnut
(Arachis hypogaea L.) is a food commodity that has high
economic value. A. hypogaea has high nutrition ingredient
especially protein and grease. A. hypogaea is mostly used
as food-stuff and industrial material (Raja et al. 2013).
Researches on A. hypogaea farming have been done by
some researchers such as Hidayat et al. (2004), Muklis et
al. (2012), Raja et al. (2013), Riska (2014), Sembiring et al.
(2014), and Boekoesoe and Saleh (2015).
Jabon (Anthocephalus cadamba (Roxb.) Miq.) is a
tropical tree species that is native to South Asia and
Southeast Asia, including Indonesia (Krisnawati et al.
2011a). A. cadamba is preferred by the local community
because it is a fast-growing tree species and has good
adaptability to drought and waterlogging stresses (Hadi et
al. 2015; Seo et al. 2015; Sudrajat et al. 2015). A. cadamba
is used in community forests and greening activities such
as reforestation programs, afforestation programs,
rehabilitation activities of waterlogged marginal sites, and
replanting the marginal dryer sites. A. cadamba has wood
for multiple ends uses such as plywood, light construction
materials, flooring, beams and rafters, boxes and crates,
tea-chests, packing cases, shuttering, ceiling boards, toys,
wooden shoes, bobbins, yokes, carvings, matches,
chopsticks, pencils, canoes, and inexpensive furniture. The
pulp of A. cadamba for medium quality paper and the fresh
leaves are used as cattle fodder or as plates and serviettes
(Soerianegara and Lemmens 1993).
Soybean (Glycine max (L.) Merrill) is valued as a
productive and adaptable crop which fits well into the
cropping patterns of varying agro-climatic conditions
(Amusat and Ademola 2013). For a long time, soybean has
been a part of the traditional food for the human population
which comes in various forms such as tofu, soy-milk, green
vegetable soybeans, tempeh, and soybean oil, and also, in
its second generation of soy-foods such as soy-nuts,
alternatives cheese, and soymilk yogurt. According to
Agroudy et al. (2011), the soy oil is one of the widest
spread vegetable oils. It is used directly in food to prevent
its consumers from having blood pressure and
arteriosclerosis; moreover, seeds of soybean contain the
highest number of vitamins that are essential for the body.
The establishment of two agroforestry systems using F.
moluccana and A. cadamba as forestry plants and A.
hypogaea and G. max as agricultural plants are important to
apply because it has high economic potential. The aim of
this study was to analyze the application of A. hypogaea
and G. max as intercropping plants in two agroforestry
systems from the aspect of the economy. The result of this
study is expected to give information to businessman,
government, stakeholders, and other researchers about cost
expenditure, potential revenue, and profit estimation that
could be obtained from the application of A. hypogaea and
G. max as intercropping in the two agroforestry systems.
That information are useful to determine the capital needed
to start an agro-business. This study compared two

agroforestry systems of F. moluccana-A. hypogaea and A.
cadamba-G. max to offer the best agroforestry system that
could be applied in the critical lands.
The sections of this study are organized in the following
sequence. Materials and methods section explaining the
study area, procedures, and data analysis. The next section
presents the results and includes some discussions. The last
section is the conclusion that summarizes findings and
offers recommendations.
MATERIALS AND METHODS
Study area
This study was conducted for 6 months from January
to June 2016. The experiment was done in Forest
Education, Faculty of Forestry, Universitas Mulawarman,
East Kalimantan, Indonesia. Experimental plots were
located in Lempake, Samarinda City, East Kalimantan
Province, Indonesia (Figure 1). There are many previous
researches on agroforestry systems in some locations in
Indonesia. Some of them did the research on F. moluccana
in Tasikmalaya District, West Java Province (Sudomo
2007), in East Java Province (Hamid 2008; Mindawati et
al. 2013), and in Ciamis District, West Java Province
(Sudomo 2013; Swestiani and Purwaningsih 2013;
Widiyanto and Sudomo 2014). The study on A. hypogaea
had been done by some researchers in several provinces in
Indonesia. Several A. hypogaea studies were located in
West Java Province (Hidayat et al. 2004), in Purworejo
District, Central Java Province (Muklis et al. 2012), in
Medan City, North Sumatera Province (Raja et al. 2013), in
Sigi District, Central Sulawesi Province (Riska 2014), in
Deli Serdang District, North Sumatera Province (Sembiring
et al. 2014), and in West Gorontalo District, Gorontalo
Province (Boekoesoe and Saleh 2015). However, the
publication of researches about two agroforestry systems of
F. moluccana-A. hypogaea and A. cadamba-G. max in East
Kalimantan Province is still limited.
Procedures
Some researchers collected primary data through a
survey to some farmers as respondents to reach their aims
of the research. Siregar et al. (2007) surveyed 40
respondents to analyze the economic value of some
agroforestry systems. Asnah and Natal (2009) surveyed 45
respondents to calculate the profit of A. hypogaea farm.
Another researcher, Muklis et al. (2012), surveyed 26
respondents to analyze the profit of A. hypogaea farm.
Amusat and Ademola (2013) collected primary data using
interview schedules from the 130 selected G. max farmers,
but only 123 of the schedules were found to be useable.
Dogbe et al. (2013) determined 140 G. max farmers as
enumerators for their study. In addition, Riska (2014)
surveyed 30 respondents to analyze the production and
profit of A. hypogaea farm. Zoundji et al. (2015) selected
324 soybean producers as respondents.
This study was different from those studies above in
which primary data for the analysis of economy were
collected from on-farm experimental plot established to
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study two agroforestry systems of F. moluccana-A. hypogaea
and A. cadamba-G. max. Experimental researches related
to agroforestry had been done by some researchers with
different kinds of plant combination. For example, treemaize (Bertomeu 2006), sengon-nilam (Sudomo 2007),
sengon-maize-chili-stick nut (Hamid 2008), sengon-coffeecacao-gliricidia-maize-ginger-stick nut (Mindawati et al.
2013), groundnut-manglid (Sudomo 2013), groundnutsengon-manglid (Swestiani and Purwaningsih 2013),
sengon-paddy (Wahyudi and Panjaitan 2013), and sengongroundnut (Widiyanto and Sudomo 2014).
In this study, experimental plot (Figure 2) of F.
moluccana and A. hypogaea had a size of 10 m × 10 m per
plot with two replications or as many as two plots. Similar
to F. moluccana and A. hypogaea, an experimental plot of
A. cadamba and G. max had the same of size and
replication. F. moluccana and A. cadamba were cultivated
with a distance of 3 m × 3 m. A. hypogaea crops were
cultivated among F. moluccana trees as intercropping with
a size of 20 cm x 20 cm. G. max crops were also cultivated
among A. cadamba trees as intercropping with size of 20
cm x 20 cm. The cultivation activities included land
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preparation, planting, crop maintenance (weeding,
fertilizing, and control of pests and diseases), and
harvesting. Harvesting activity was only done to gather A.
hypogaea and G. max yields, but no timber harvesting of F.
moluccana and A. cadamba trees.
Data analysis
This study was different from the previous study by
Bertomeu (2006) which also made an experimental plot to
collect primary data. Bertomeu (2006) collected primary
data to study the financial evaluation of agroforestry
systems of tree and maize. However, this study collected
primary data to analyze the application of A. hypogaea and
G. max as intercropping in two agroforestry systems from
the aspect of the economy. In this study, data were
analyzed to calculate the cost, revenue, and profit from the
application of A. hypogaea and G. max as intercropping in
two agroforestry systems. Cost is calculated from price and
quantity of inputs. Thus revenue is the price of production
yield, and meanwhile, profit is revenue minus cost (Slavin
2009). Besides primary data, this study also collected
secondary data from the results of previous studies.

Figure 1. Study location in Forest Education, Faculty of Forestry, Universitas Mulawarman, East Kalimantan, Indonesia

B I O D I V E R S I T A S 18 (2): 483-493, April 2017

486

3m

3m

3m

3m

= sengon;

= groundnut
= jabon;

= soybean

Figure 2. Layout of experimental plots in two agroforestry systems of Falcataria moluccana-Arachis hypogaea and Anthocephalus
cadamba-Glycine max

RESULTS AND DISCUSSION
The application of an agroforestry system needs the
cost expenditure to buy materials, depreciation of
equipment, and wage of labor. Besides cost expenditure,
the application of an agroforestry system gives revenue and
profit. Table 1 shows economic analysis of A. hypogaea as
an intercropping plant in an agroforestry system of F.
moluccana (Figure 3.A) and A. hypogaea (Figure 3.B)
during four months in East Kalimantan in the 2016
cropping season. Meanwhile, economic analysis of G. max
as an intercropping plant in an agroforestry system of A.
cadamba (Figure 3.C) and G. max (Figure 3.D) during four
months in East Kalimantan in the 2016 cropping season is
presented in Table 2.

Material cost was expended on buying F. moluccana
seedling, A. hypogaea seed, A. cadamba seedling, G. max
seed, NPK fertilizer, pesticide, plastic strings, and gunny
sack. Fertilizer is given to increase soil fertility. Material
cost for the application of an agroforestry system of A.
cadamba and G. max (Rp. 7,754,000.00 ha-1 cs-1) was
bigger than that of F. moluccana and A. hypogaea (Rp.
7,720,000.00 ha-1 cs-1). Material cost differed between the
application of an agroforestry system of F. moluccana-A.
hypogaea and A. cadamba-G. max because of some
reasons. The price of A. cadamba seedling was more
expensive than that of F. moluccana seedling, however, the
price of A. hypogaea seed was more expensive than that of
G. max. That two agroforestry systems need gunny sack in
different number depends on its yield.
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Table 1. Economic analysis of Arachis hypogaea as intercropping in an agroforestry system of Falcataria moluccana and Arachis
hypogaea during four months in East Kalimantan in the 2016 cropping season
No.

Cost

Production cost
Material cost
1. F. moluccana seedling
2. A. hypogaea seed
3. NPK fertilizer
4. Pesticide
5. Plastic strings
6. Gunny sack
Subtotal
Depreciation cost
7. Hoe
8. Chopper
9. Sickle
10. Sprayer
Subtotal
Labor cost
11. Land preparation
12. Planting
13. Crop maintenance:
a. Fertilizing
b. Weeding
c. Pests and diseases controlling
14. Harvesting
Subtotal

Quantity

Total (Rp. ha-1 cs-1)

Price

units ha-1
kg ha-1 cs-1
kg ha-1 cs-1
kg ha-1 cs-1
unit ha-1 cs-1
units ha-1 cs-1

Rp.
Rp.
Rp.
Rp.
Rp.
Rp.

3,000.00
20,000.00
15,000.00
30,000.00
30,000.00
2,000.00

unit-1
kg-1
kg-1
kg-1
unit-1
unit-1

2,400,000.00
3,000,000.00
1,500,000.00
750,000.00
30,000.00
40,000.00
7,720,000.00

2.00
2.00
2.00
1.00

units ha-1
units ha-1
units ha-1
unit ha-1

Rp.
Rp.
Rp.
Rp.

125,000.00
100,000.00
60,000.00
350,000.00

unit-1
unit-1
unit-1
unit-1

20,833.33
16,666.67
10,000.00
17,500.00
65,000.00

7.00
6.00

days ha-1 cs-1
days ha-1 cs-1

Rp.
Rp.

100,000.00
100,000.00

day-1
day-1

700,000.00
600,000.00

4.00
5.00
4.00
6.00

days ha-1 cs-1
days ha-1 cs-1
days ha-1 cs-1
days ha-1 cs-1

Rp.
Rp.
Rp.
Rp.

100,000.00
100,000.00
100,000.00
100,000.00

day-1
day-1
day-1
day-1

400,000.00
500,000.00
400,000.00
600,000.00
3,200,000.00

800.00
150.00
100.00
25.00
1.00
20.00

Total cost
Total revenue
A. hypogaea yield
Profit

10,985,000.00
1,000.00

kg ha-1

Rp.

14,000.00

kg-1

14,000,000.00
3,015,000.00

Table 2. Economic analysis of Glycine max as intercropping in an agroforestry system of Anthocephalus cadamba and Glycine max
during four months in East Kalimantan in the 2016 cropping season
No.

Cost

Production cost
Material cost
1. A. cadamba seedling
2. G. max seed
3. NPK fertilizer
4. Pesticide
5. Plastic strings
6. Gunny sack
Subtotal
Depreciation cost
7. Hoe
8. Chopper
9. Sickle
10. Sprayer
Subtotal
Labor cost
11. Land preparation
12. Planting
13. Crop maintenance:
a. Fertilizing
b. Weeding
c. Pests and diseases controlling
14. Harvesting
Subtotal

Quantity

Total (Rp. ha-1 cs-1)

Price

units ha-1
kg ha-1 cs-1
kg ha-1 cs-1
kg ha-1 cs-1
unit ha-1 cs-1
units ha-1 cs-1

Rp.
Rp.
Rp.
Rp.
Rp.
Rp.

4,000.00
15,000.00
15,000.00
30,000.00
30,000.00
2,000.00

unit-1
kg-1
kg-1
kg-1
unit-1
unit-1

3,200,000.00
2,250,000.00
1,500,000.00
750,000.00
30,000.00
24,000.00
7,754,000.00

2.00
2.00
2.00
1.00

units ha-1
units ha-1
units ha-1
unit ha-1

Rp.
Rp.
Rp.
Rp.

125,000.00
100,000.00
60,000.00
350,000.00

unit-1
unit-1
unit-1
unit-1

20,833.33
16,666.67
10,000.00
17,500.00
65,000.00

7.00
6.00

days ha-1 cs-1
days ha-1 cs-1

Rp.
Rp.

100,000.00
100,000.00

day-1
day-1

700,000.00
600,000.00

4.00
5.00
4.00
6.00

days ha-1 cs-1
days ha-1 cs-1
days ha-1 cs-1
days ha-1 cs-1

Rp.
Rp.
Rp.
Rp.

100,000.00
100,000.00
100,000.00
100,000.00

day-1
day-1
day-1
day-1

400,000.00
500,000.00
400,000.00
600,000.00
3,200,000.00

800.00
150.00
100.00
25.00
1.00
12.00

Total cost
Total revenue
G. max yield
Profit

11,019,000.00
500.00

kg ha-1

Rp.

7.000.00

kg-1

3,500,000.00
-7,519,000.00
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Figure 3. A. Falcataria moluccana, B. Arachis hypogaea, C. Anthocephalus cadamba, and D. Glycine max

There was no difference between depreciation cost for
the application of an agroforestry system of F. moluccanaA. hypogaea and that of A. cadamba-G. max because the
kind, quantity, and price of equipment were same. There
were many kinds of equipment needed to support farm
activity. The equipment was hoe, chopper, sickle, and
sprayer. The price of this equipment was different and it
depended on the material and the quality of the equipment.
Technical duration of an equipment is commonly three
years. However, sprayer can be used for five years.
Depreciation cost in the application of A. hypogaea and G.
max as intercropping in two agroforestry systems was
lower than material cost and labor cost.
The application of that two agroforestry systems
expended labor cost in same numbers because those
applications are done in the same critical land which has
similar soil properties. Many kinds of activities are done in
the application of two agroforestry systems of F.
moluccana-A. hypogaea and that of A. cadamba-G. max.
Those activities are land preparation, planting, crop
maintenance, and harvesting. Land preparation expended
more money than the planting activity. Activities of crop
maintenance included fertilizing, weeding, and pests and
diseases controlling. Weed control methods significantly
affected A. hypogaea yield both on the Samnut 10 and MK
373 varieties (Olayinka and Etejere 2015). Crop
maintenance needed more cost than harvesting activity
because it involved more labor.
Total cost included material cost, depreciation cost, and

labor cost. Total cost for the application of an agroforestry
system of F. moluccana and A. hypogaea (Rp.
10,985,000.00 ha-1 cs-1) was smaller than that of A.
cadamba and G. max (Rp. 11,019,000.00 ha-1 cs-1).
Material cost was different between an agroforestry system
of F. moluccana-A. hypogaea and that of A. cadamba-G.
max, however, depreciation cost and labor cost were same.
In an agroforestry system of F. moluccana and A.
hypogaea, there was no harvesting of F. moluccana yield
in the first year because the aim of F. moluccana planting
was to rehabilitate the critical lands. Crop maintenance of
F. moluccana is done in the following years. There is a
possibility that the harvesting activity is only to take the
economic value of F. moluccana timbers. Farmers can
obtain revenue from selling the F. moluccana timbers, so
when there is no harvesting, it means no revenue. The
economic potential of F. moluccana trees is very high from
the aspect of tree growth level.
There were several prior researches measuring the
growth level of diameter and height of F. moluccana in
some plantation systems (Table 3). Sudomo (2007)
investigated an agroforestry system of F. moluccana and
nilam and found that the growth of F. moluccana on loamy
sand soil is good enough. It was proven by the increasing
of height and diameter at 18 months and 24 months.
Meanwhile, two best agroforestry systems that could be
applied widely in Blitar, East Java Province, are sengoncoffee-gliricidia-cassava-stick nut and sengon-coffeecacao-gliricidia-ginger-stick nut because those systems
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gave the best sengon diameter growth (Mindawati et al.
2013). The result of a study by Swestiani and Purwaningsih
(2013) and Wahyudi and Panjaitan (2013) showed that
Mean Annual Increment (MAI) of F. moluccana’s diameter
in agroforestry system is wider than in monoculture
system. The study by Krisnawati et al. (2011b) in
smallholder plantations in Ciamis (West Java Province)
recorded the mean diameter and height of F. moluccana
trees which were younger than four years old, 5-10 years
old, and 12 years old of stands. The wide variations in
mean diameter and height are probably due to the
difference in growing conditions including site quality,
altitude, slope, and silvicultural management.
Arachis hypogaea mature at 90 and 95 days (Najiyati
and Danarti 2000) or between 98 and 105 days (Olayinka
and Etejere 2015). There were differences in A. hypogaea
yield that obtained in monoculture system in some farm
areas, as shown in Table 4. In United States of Amerika, A.
hypogaea yield is higher than the average yield in tropical
Africa. A. hypogaea yield of Macan variety in monoculture
system is between 1,200 and 1,800 kg ha-1 (Najiyati and
Danarti 2000). According to Asnah and Natal (2009), A.
hypogaea farmers in Tagawiti Village, Ile Ape Subdistrict,
Lembata District, who own land more than 0.5 ha have
bigger profit than those who own land less than 0.5 ha.
There were differences in A. hypogaea yield in an
agroforestry system in some locations. In this study, A.
hypogaea as an intercropping plant in an agroforestry
system of F. moluccana and A. hypogaea could produce
yield as much as 1,000.00 kg ha-1. The result of this study
which was conducted in Forest Education, Forestry
Faculty, Universitas Mulawarman, Lempake Subcity,
Samarinda City, East Kalimantan Province was higher than
the result of studies by Swestiani and Purwaningsih (2013)
in Ciamis District, West Java Province and Widiyanto and
Sudomo (2013) in Raksabaya Village, Cimaragas
Subdistrict, Ciamis District, West Java Province. When the
price of A. hypogaea yield was Rp. 14.000,00 kg-1, the
farmer could get potential revenue as much as Rp.
14,000,000.00 ha-1 cs-1.
Sudomo (2013) reported that A. hypogaea yield
decreases in an agroforestry system of A. hypogaea and
manglid (19.63%) compared to A. hypogaea in a
monoculture system. Similar to Sudomo's study (2013),
Swestiani and Purwaningsih (2013), and Widiyanto and
Sudomo (2014) also found that A. hypogaea yield in
monoculture system was higher than that in an agroforestry
system of F. moluccana and A. hypogaea. It was happened
due to the shade of F. moluccana over A. hypogaea and the
competition of F. moluccana with A. hypogaea in water
and nutrition absorption (Widiyanto and Sudomo, 2014).
According to Swestiani and Purwaningsih (2013), F.
moluccana, manglid, and A. hypogaea will grow optimally
when the environment factors (duration of sunshine, water,
nutrition, CO2, and growth space) are available adequately.
The strategy to increase A. hypogaea yield is by increasing
the area width for a more intensive farming and by
expanding the planting area through the arrangement of
planting pattern, the use of hybrid varieties, the use of
appropriate machines and equipment, and the adequate
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supply of water (Department of Agriculture of Indonesia
2001).
Similar to an agroforestry system of F. moluccana and
A. hypogaea, there was no harvesting of A. cadamba yield
in the first year. However, crop maintenance is continued
to be done to rehabilitate the critical lands in the following
years. Reports by Sudarmo (1957) and Soerianegara and
Lemmens (1993) showed an average diameter, a mean
height, MAI, and wood production of A. cadamba (Tabel
5). The growth rates of both diameter and height of A.
cadamba in Java are higher than those in South
Kalimantan. The wide variations in mean diameter and
height are probably due to differences in site quality and
owners management practices (Krisnawati et al. 2011a).
The result of a study by Dogbe et al. (2013) showed
monoculture system of G. max produces 509-642 kg ha-1
yield in Saboba and Chereponi Districts, Northern Region
of Ghana. Meanwhile, Zoundji et al. (2015) found that
60.5%, 28.1%, and 11.4% of the soybean farmers in Benin
had low (< 700 kg ha-1), medium (between 700 and 1,000
kg ha-1), and high (> 1,000 kg ha-1) yield level, respectively
(Table 6). The soybean grain yields obtained after harvest
are inferior to 1,000 kg ha-1 for the majority of respondents.
In this study, the application of G. max as an intercropping
plant in an agroforestry system of A. cadamba and G. max
could produce yield as much as 500.00 kg ha-1. The selling
price of G. max yield was Rp. 7,000.00 kg-1, therefore the
farmers owned revenue of Rp. 3,500,000.00 ha-1 cs-1 in the
first cropping season. The revenue level is determined by
yield quantity and selling price.
There are some factors influencing the level of G. max
yields such as a characteristic of land, quality and quantity
of inputs (material, equipment, and labor), cropping
practice, climate condition, environment condition, and
other factors. Dogbe et al. (2013) explained several factors
could account for the low levels of productivity of G. max
including poor soil health, pest, and diseases, unfavorable
weather conditions, inadequate and untimely access to
agro-inputs, equipment, and labor. According to Zoundji et
al. (2015), yield level is significantly determined by gender
issues. Technical factors such as the use of improved G.
max varieties, the use of fertilizers, the plant density, and
the practice of fallow in the cropping system have
significantly and positively determined the level of yields.
Constrains to soybean production include mainly
inadequate cropping practices.
The application of A. hypogaea as an intercropping
plant in an agroforestry system of F. moluccana and A.
hypogaea gave profit as much as Rp. 3,015,000.00 ha-1 cs-1.
That profit could be increased when A. hypogaea yield is
higher than the yield result in the time of the study. That
profit was bigger than the profit of monoculture system of
A. hypogaea in Central Java Province, but it was smaller
than the profit of that in Gorontalo Province and Central
Sulawesi Province (Table 7). The difference of total cost
could be happened because of the difference in input usage
and input price. The number and the price of outputs
determine factors affecting revenue. Meanwhile, profit is
determined by total revenue and total cost.
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Table 3. An average diameter, a mean height, and Mean Annual Increment (MAI) of Falcataria moluccana in some plantation systems
Researcher (year)

Important findings

Sudomo (2007)

Agroforestry system of F. moluccana-nilam
F. moluccana diameter:
18 months: 6.85 cm
24 months: 9.48 cm
F. moluccana height:
18 months: 5.59 m
24 months: 7,28 m

Krisnawati et al. (2011b)

Monoculture system of F. moluccana
F. moluccana diameter:
< 4 years: 3.4-16.7 cm
5-10 years: 8.7-40.1 cm
12 years: 24.6-74 cm.
F. moluccana height:
< 4 years: 3.9-19.6 m
5-10 years: 9.9-27.9 m
12 years: 15.3-36.2 m

Mindawati et al. (2013)

Agroforestry system of sengon-coffee-gliricidia-cassava-stick nut and sengon-coffee-cacaogliricidia-ginger-stick nut
F. moluccana diameter: 17.2-28.6 cm

Swestiani and Purwaningsih (2013)

MAI F. moluccana in agroforestry system: 5.25 cm year-1
MAI F. moluccana in monoculture system: 3,2 cm year-1

Wahyudi and Panjaitan (2013)

F. moluccana diameter:
Agroforestry system: 3.45 cm year-1
Intensive monoculture system: 3.21 cm year-1
Conventional monoculture system: 1.99 cm year-1

Table 4. Arachis hypogaea yield of monoculture and agroforestry systems
Arachis hypogaea
yield

Researcher (year)

Farming system

Akobundu (1987)

Monoculture system of A. hypogaea

3,000 kg ha-1
800 kg ha-1

Najiyati and Danarti
(2000)

Monoculture system of A. hypogaea

1,200-1,800 kg ha-1

Swestiani and
Purwaningsih (2013)

Monoculture system of A. hypogaea
Agroforestry system of F. moluccana and
A.hypogaea

Riska (2014)

Monoculture system of A. hypogaea

Widiyanto and
Sudomo (2014)

Monoculture system of A. hypogaea
Agroforestry system of F. moluccana and
A.hypogaea

1,349.4 kg ha-1
861 kg ha-1

This study (2016)

Agroforestry system of F. moluccana and
A.hypogaea

1,000.00 kg ha-1

1.01 ton ha-1
0.83 ton ha-1
1,003.96 kg ha-1

Location
USA
Africa

Ciamis District,
West Java Province, Indonesia

Boya Baliase Village,
Marawola Subdistrict, Sigi District,
Central Sulawesi Province,
Indonesia
Raksabaya Village,
Cimaragas Subdistrict, Ciamis
District, West Java Province,
Indonesia
Forest Education, Forestry Faculty,
Universitas Mulawarman,
Lempake Subcity, Samarinda City,
East Kalimantan Province,
Indonesia
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Table 5. An average diameter, a mean height, Mean Annual Increment (MAI), and wood production of Anthocephalus cadamba
Researcher (year)

Important findings

Sudarmo (1957)

MAI A. cadamba:
Age of 9 years in good-quality sites: 20 m3 ha-1 year-1, producing up to 183 m3 ha-1
Age of 9 years in medium-quality sites: 16 m3 ha-1 year-1, producing up to 145 m3 ha-1
Age of 9 years in poor-quality site: 15 m3 ha-1 year-1, producing up to 105 m3 ha-1

Soerianegara and Lemmens
(1993)

A cadamba: an average diameter of 65 cm, a mean height of 39 m, wood production 350 m3 ha-1

Krisnawati et al. (2011a)

A. cadamba diameter at breast height (DBH) < 5 years old: 8-18 cm
A. cadamba growth > 5 years:
Java: diameter 1.2-11.6 cm year-1, height 0.8-7.9 m year-1
South Kalimantan: diameter 1.2-4.8 cm year-1, height 0.8-3.7 m year-1
A. cadamba height:
< 10 years old: 19.6 m
> 10 years old: 17.3-30 m

Table 6. Glycine max yield on monoculture and agroforestry systems
Researcher (year)

Plantation system

Dogbe et al. (2013)

Monoculture system of G. max

Glycine max yield
509-642 kg ha-1

Location

Zoundji et al. (2015)

Monoculture system of G. max

1,000 kg ha-1

This study (2016)

Agroforestry system of A. cadamba
and G. max

500 kg ha-1

Saboba and Chereponi Districts,
Northern Region of Ghana
Benin
Forest Education, Forestry Faculty,
Universitas Mulawarman, Lempake Subcity,
Samarinda City, East Kalimantan Province,
Indonesia.

Table 7. Total cost, revenue, and profit of monoculture and agroforestry system of Arachis hypogaea
Total cost
(Rp. ha-1 cs-1)
7,402,092

Total revenue
(Rp. ha-1 cs-1)
9,562,860

Profit
(Rp. ha-1 cs-1)
2,160,769

Boya Baliase Village,
Marawola Subdistrict,
Sigi District,
Central Sulawesi Province,
Indonesia

3,688,412

15,069,434

11,371,022

Monoculture system
of A. hypogaea

Pulahenti Village,
Sumalata Subdistrict,
West Gorontalo District,
Gorontalo Province, Indonesia

4,049,003

7,600,242

3,551,238

Agroforestry system
of F. moluccana and
A. hypogaea

Forest Education,
Forestry Faculty,
Universitas Mulawarman,
Lempake Subcity,
Samarinda City,
East Kalimantan Province,
Indonesia

10,985,000

14,000,000

3,015,000

Researcher (year)

Plantation system

Research location

Muklis et al. (2012)

Monoculture system
of A. hypogaea

Pasar Anom Village,
Grabag Subdistrict,
Purworejo District,
Central Java Province, Indonesia

Riska (2014)

Monoculture system
of A. hypogaea

Boekoesoe and
Saleh (2015)

This study (2016)
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The income from the application of an agroforestry
system of F. moluccana and A. hypogaea during four
months comes only from the selling of A. hypogaea yield.
However, a farmer can achieve other income from
harvesting the trees in the fifth year. According to
Widiyanto and Sudomo (2014), F. moluccana has short
harvest cycle from 5 to 7 years. The result of a study by
Siregar et al. (2007) in East Java Province showed that F.
moluccana is usually harvested after 10 years; however,
there is a tendency to shorten the harvesting time to 8
years. The higher income will come as F. moluccana grows
taller and its stalk diameter gets bigger.
In the first cropping season in the first year, the
application of G. max as an intercropping plant in an
agroforestry system of A. cadamba and G. max, gave no
profit whereas the farmer loss as much as Rp. 7,519,000.00
ha-1 cs-1. The small revenue and the big cost cause little
motivation for a farmer to do this system. In the first
cropping season, the big portion of capital is to buy A.
cadamba seedling. In the following cropping seasons, it
does not need to buy A. cadamba seedling, therefore,
production cost will decrease. When there are adequate
cropping practices, the G. max production will increase. It
affects the increase of the revenue, and there is opportunity
to reach the higher profit. The result of this study is similar
to the result of the study of Dogbe et al. (2013) that found
the soybean production in Chereponi District, Northern
Region of Ghana is not profitable even though it is done by
female who are relatively better than male farmers. On the
other hand, soybean production is profitable in Saboba
District which is done by male farmers.
The application of an agroforestry system of A.
cadamba and G. max during four months gives income
only from the selling of G. max yield. When the trees have
the best growth of diameter and height, a farmer could
harvest them and gets additional income. Logs from tree
plantations of A cadamba are mostly from young trees with
the age of 5-8 years (Hadi et al. 2015). Similar to the
agroforestry system of F. moluccana and A. hypogaea, this
agroforestry system gives more than a source of income for
farmers.
The results indicate two agroforestry systems of F.
moluccana-A. hypogaea and A. cadamba-G. max are
feasible and applicable to rehabilitate the critical lands.
Both agroforestry systems give many benefits from the
aspect of economy, social, ecology, and conservation. The
owner has the possibility to manage their small forest more
flexibly and effectively especially in yield arrangement and
control (Muliawati 2006). Moreover, if both agroforestry
systems are reckoned from the social aspect, it supplies
timber product, provides food-stuff, and creates job
opportunities for the community. According to Bertomeu
(2006), agroforestry systems with wide-spaced trees have
the potential of diversifying farm production. The
establishment of agroforestry aims to develop the
community forest. The application of A. hypogaea as an
intercropping plant in an agroforestry system of F.
moluccana and A. hypogaea is profitable in the critical
lands. From the aspect of the economy, agroforestry system
has an important role for community life as a source of

income (Senoaji 2012), it produces higher economic
returns, and it provides other economic profit (Bertomeu
2006).
In the critical land, the application of G. max as an
intercropping plant in an agroforestry system of A.
cadamba and G. max in the first year in the first cropping
season is not profitable based on economic analysis.
However, from the aspect of ecology, agroforestry system
can increase land fertility and environment protection
(Senoaji 2012). From the aspect of conservation, both
agroforestry systems can rehabilitate the critical land.
Another study showed that agroforestry systems with widespaced trees have environmental benefits derived from tree
planting, including erosion control, soil fertility
improvement, and windbreaks (Bertomeu 2006).
Conservation benefit is also reported by Labata et al.
(2012) who found that the agroforestry systems (mixed
multistorey system, taungya agroforestry system, and
falcata-coffee multistorey system) have the capacity to
store carbon in trees, herbaceous vegetation, litter, and soil.
According to their study in Bukidnon, Philippines,
agroforestry systems can store 92 MgC ha-1 to 174 MgC ha1
of carbon.
REFERENCES
Department of Agriculture of Indonesia. 2001. Manual of Development of
Penisahaan System of Groundnut Agro-business 2001-2004.
Department of Agriculture of Indonesia, Jakarta. [Indonesian]
Agroudy NE, Mokhtar S, Zaghlol EA, Gebaly ME. 2011. An economic
study of the production of soybean in Egypt. Agric. Biol. J. N. Am. 2
(2): 221-225.
Akobundu IO. 1987. Weed Science in Tropics, Principles and Practices.
Wiley, New York.
Amusat AS, Ademola AO. 2013. Utilisation of soybean in Oniyo
community of Oyo State, Nigeria. Global Journal of Science Frontier
Research Agriculture and Veterinary 13 (7): 6-14.
Asnah, Natal V. 2009. Profit of groundnut farming in Tagawiti Village, Ile
Ape Subdistrict, Lembata District. Buana Sains 9 (1): 25-30.
[Indonesian]
Bertomeu M. 2006. Financial evaluation of smallholder timber-based
agroforestry systems in Claveria, Northern Mindanao, the Philippines.
Small-scale Forest Economics, Management and Policy 5 (1): 57-82.
Boekoesoe Y, Saleh Y. 2015. Cost structure and profitability of groundnut
farming in Pulahenti Village, Sumalata Subdistrict, West Gorontalo
District. Perspektif Pembiayaan dan Pembangunan Daerah 3 (1): 1926. [Indonesian]
Dogbe W, Etwire PM, Martey E, Etwire JC, Baba IIY, Siise A. 2013.
Economics of soybean production: Evidence from Saboba and
Chereponi Districts of Northern Region of Ghana. Agricultural
Science 5 (12): 38-46.
Hadi YS, Rahayu IS, Danu S. 2015. Termite resistance of jabon wood
impregnated with methyl methacrylate. Tropical Forest Science 27
(1): 25-29.
Hamid A. 2008. The effect of sengon tree pruning to diversity intercrop in
agroforestry system of sengon. Buana Sains 8 (2): 189-202.
[Indonesian]
Hidayat A, Adiningsih ES, Setiawan P. 2004. Analysis of land
development for groundnut plant in West Java from landsat data with
geographic information system. Penginderaan Jauh dan Pengolahan
Data Citra Digital 1 (1): 46-50. [Indonesian]
Krisnawati H, Kallio M, Kanninen M. 2011a. Anthocephalus cadamba
Miq. Ecology, Silviculture and Productivity. Center for International
Forestry Research (CIFOR), Bogor.
Krisnawati H, Varis E, Kallio M, Kanninen M. 2011b. Paraserianthes
falcataria (L.) Nielsen. Ecology, Silviculture and Productivity. Center
for International Forestry Research (CIFOR), Bogor.

KARMINI et al. – Economic analysis of groundnut and soybean as intercropping
Labata MM, Aranico EC, Tabaranza ACE, Patricio JHPP, Amparado RF.
2012. Carbon stock assessment of three selected agroforestry systems
in Bukidnon, Philippines. Adv Environ Sci 4 (1): 5-11.
Mindawati N, Kosasih AS, Bustomi S, Sitompul SM, Tyasmoro SY.
2013. Agroforestry system to increase ecology and agroeconomic
functions of social forest. Proceeding of National Seminary on
Agroforestry, 2013. 189-196. [Indonesian]
Muklis I, Wicaksono IA, Hasanah U. 2012. Analysis of groundnut
farming (Arachis hypogaea L.) in Pasar Anom Village, Grabag
Subdistrict, Purworejo District. Surya Agritama 1 (2): 46-56.
[Indonesian]
Muliawati A. 2006. Model and Scenario of Sengon Forest Management
(Paraserianthes falcataria (L.) Nielsen) Small Scale in Pasir Ipis
Village, Surade Subdistrict, Sukabumi District. Institut Pertanian
Bogor, Bogor. [Indonesian]
Najiyati, Danarti. 2000. Food Crops. Cultivation and Farm Analysis.
Penebar Swadaya, Jakarta. [Indonesian]
Nasution K. 2010. Economic analysis of community and forest
sustainability in national movement of forest and land rehabilitations
in Karo District. Abdi Ilmu 3 (2): 415-416. [Indonesian]
Olayinka BU, Etejere EO. 2015. Growth analysis and yield of two
varieties of groundnut (Arachis hypogaea L.) as influenced by
different weed control methods. Ind J Plant Physiol. 20 (2): 130-136.
Raja BSL, Damani BSJ, Ginting. 2013. Respon of growth and production
groundnuts to organic material Tithonia diversifolia and fertilizer SP36. Agroekoteknologi 1 (3): 725-731. [Indonesian]
Riska. 2014. Analysis of production and profit of groundnut farming in
Boya Baliase Village, Marawola Subdistrict, Sigi District. Agroland
21 (1): 49-54. [Indonesian]
Sembiring M, Sipayung R, Sitepu FE. 2014. Growth and production of
groundnuts by giving compost of palm oil bunch at different pile up
frequency. Agroekoteknologi 2 (2): 598-607. [Indonesian]
Senoaji G. 2012. Land management with agroforestry system by Baduy
community in South Banten. Bumi Lestari 12 (2): 283-293.
[Indonesian]
Seo JW, Kim H, Chun JH, Mansur I, Lee CB. 2015. Silvicultural practice
and growth of the jabon tree (Anthocephalus cadamba Miq.) in
community forests of West Java, Indonesia. Agriculture and Life
Science 49 (4): 81-93.

493

Siregar UJ, Rachmi A, Massijaya MY, Ishibashi N, Ando K. 2007.
Economic analysis of sengon (Paraserianthes falcataria) community
forest plantation, a fast growing species in East Java, Indonesia.
Forest
Policy
and
Economics.
http://www.
Researchgate.net/publication/4765123.
Soerianegara I and Lemmens RHMJ. 1993. Plant Resources of South-East
Asia 5 (1): Timber Trees: Major Commercial Timbers. Pudoc
Scientific Publishers, Wageningen, Netherlands.
Sudarmo MK. 1957. Tabel Hasil Sementara Anthocephalus cadamba Mig.
(jabon). Pengumunan No. 59. Lembaga Penelitian Kehutanan, Bogor,
Indonesia.
Sudomo A. 2007. The influence of loamy sand soil on growth of sengon
and nilam in agroforestry system. Pemuliaan Tanaman Hutan 1 (2): 18. [Indonesian]
Sudomo A. 2013. Productivity of groundnut (Arachis hypogeae L.) under
manglid plantation in agroforestry system. Prosiding Seminar
Nasional Agroforestri. 215-221. [Indonesian]
Sudrajat DJ, Siregar IZ, Khumaida N, Siregar UJ, Mansur I. 2015.
Adaptability of white jabon (Anthocephalus cadamba Miq.) seedling
from 12 populations to drought and waterlogging. Agrivita 37 (2):
130-143.
Slavin SL. 2009. Economics. McGraw-Hill Irwin, New York.
Swestiani D, Purwaningsih S. 2013. Production of groundnut (Arachis
hypogaea L.) in agroforestry based sengon and manglid timbers.
Agroforestry 1 (2): 71-82.
Wahyudi, Panjaitan S. 2013. The comparison of agroforestry system,
intensive monoculture, and conventional monoculture in the
development of sengon plantation forest. Prosiding Seminar Nasional
Agroforestri 2013, 165-171. [Indonesian]
Widiyanto A, Sudomo A. 2014. The influence of sengon litter giving
(Paraserianthes falcataria (L.) Nielsen) to groundnut productivity
(Arachis hypogaea L.) in agroforestry system. Agroforestry 2 (1): 112. [Indonesian]
Zoundji CC, Houngnandan P, Dedehouanou H, Toukourou F. 2015.
Determinants of soybean [Glycine max (L.) Merrill] production
system in Benin. Experimental Biology and Agricultural Sciences 3
(V): 430-439.

BIODIVERSITAS
Volume 18, Number 2, April 2017
Pages: 494-499

ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d180207

Dimension growth of Azadirachta excelsa and Phyllanthus spp. in
agroforestry system
NILASARI DEWI1,♥, NURHENI WIJAYANTO2,♥♥, GUSMAINI3
1

Program of Tropical Silviculture, School of Graduates, Institut Pertanian Bogor. Jl. Lingkar Akademik Kampus IPB Darmaga, Bogor 16680, West
♥
Java, Indonesia. email: nilasari.ipb@gmail.com
2
Department of Silviculture, Faculty of Forestry, Institut Pertanian Bogor. Jl. Lingkar Akademik Kampus IPB Darmaga, Bogor 16680, West Java,
♥♥
Indonesia. Tel. +62-251-8626806, email: nurheniw@gmail.com
3
Research Center for Spice and Medical Plant. Bogor 16111, West Java, Indonesia
Manuscript received: 2 December 2016. Revision accepted: 15 February 2017.

Abstract. Dewi N, Wijayanto N, Gusmaini. 2017. Dimension growth of Azadirachta excelsa and Phyllanthus spp. in agroforestry
system. Biodiversitas 18: 494-499. Azadirachta excelsa Jack. is one of the fast growing species which have high resistance to pest and
disease, good quality of wood, and high economic value. A. excelsa planting can be integrated with Phyllanthus spp. in agroforestry
system. The research about meniran and sentang in agroforestry system was conducted to analyze the influence of A. excelsa allelopathy
towards the growth of meniran and to analyze the growth of both plants. This research was conducted for six months in Bogor, West
Java. This study was divided into three parts, (i) analyze the effect of allelopathy in A. excelsa leaf and twig on the growth of P. urinaria
and Phyllanthus debilis, (ii) analyze the growth of A. excelsa in monoculture and agroforestry systems and (iii) analyze the growth of
meniran in monoculture and agroforestry systems. The result showed that leaf and twigs litter of A. excelsa did not have negative
allelopathic effect for the growth of P. urinaria and P. debilis. Agroforestry system did not give significant effect to the growth of A.
excelsa . Agroforestry systems reduced the growth of both P. urinaria and P. debilis due to light deficiency.
Keywords: Agroforestry, allelopathy, Azadirachta excelsa, Phyllanthus debilis, Phyllanthus urinaria

INTRODUCTION
Wood supply either from natural, plantation or
community forests is decreasing (BPS 2016). This is due to
many factors such as the reduction of forest land,
conversion of forest to other land uses an occurrence of
pests and diseases on cultivated plants, etc. Pests and
diseases could reduce wood productivity as well as quality.
Popular wood species such as Swietenia macrophylla,
Anthocephalus cadamba, Falcataria moluccana, and
Acacia mangium are attacked by pests and diseases.
Azadirachta excelsa Jack. is one of the fast growing
species in the Meliaceae family and local species of Borneo
Island. A. excelsa is classified as modest hardwood (Ching
2003). This wood is utilized for lightweight construction,
furniture, panel, and veneer (Gan et al. 1999). The other
part of the plant such as young shoots and flowers can be
consumed as vegetables (Directorate for Forest Plants
Seeds). A. excelsa seed contains azadirachtin (3.3-3.5 mg/g
weight) which is used as an insecticide. Besides, A. excelsa
has also potential as wood energy due to its low ash
percentage and high calorific value (Hossain and Jalil
2015). Based on those uses, A. excelsa has potential to be
developed in community and plantation forests to replace
the wood attacked by pests and diseases.
Forest plantation of A. excelsa can be integrated into
agroforestry systems along with other crops. Agroforestry
system is a management of natural resources based on
ecology by integrating forestry plant and crops in one
landscape. Several benefits of agroforestry are an increase

of soil nutrient content (N, P, K) derived from the
decomposition of forest plant litter. Microbial activities
within the soil in agroforestry systems are also higher than
that in monoculture system although it is still lower than
the one in natural forest. It indicates that agroforestry can
improve soil conservation. An agroforestry system also can
reduce the loss of soil nutrient due to leaching by rain than
that in monoculture system (Lehmann 1999). A. excelsa is
a potential tree grown in agroforestry systems with its cone
crown in the shape of canopy architecture (Orwa et al.
2009) so the light intensity entering stands floor is high
enough to support crops growth.
The crops that can be grown under A. excelsa stand
canopy are seasonal and medicinal crops. One of the
potential medicinal crops is Phyllanthus. Sarin et al. (2014)
stated that Phyllanthus grow together in the same open
habitats and wastelands. Half of Indonesian people have
been utilizing this crop as a traditional medicinal crop. The
efficacy of this crop is probably derived from its chemical
compounds content such as saponins, flavonoids (Nakweti
et al. 2013), phenolic, steroids and lignans (Bagalkotkar et
al. 2006). Some researchers also revealed that Phyllanthus
has property of antihepatotoxic (Ahmed et al. 2009),
antibacterial (Sabir and Rocha 2008), antimicrobial (Amin
et al. 2012), and antiplasmodial (Njomnang et al. 2009)
activities and inhibiting virus growth that causing disease
(Naik and Juvekar 2003). Several types of research have
been conducted on the advantage and efficacy of
Phyllanthus sp. However, research on the cultivation of the
species especially in agroforestry systems is still limited.
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The combination between A. excelsa and Phyllanthus
sp. in agroforestry system will lead to some interactions
such as positive, negative and neutral interaction. Negative
interaction occurred when either one or both of the plant
production decrease. It might be due to allelopathy
compounds. Allelopathy is defined as direct or indirect
effects from particular plant to another organism including
microbes either positively (stimulating growth) or
negatively (inhibiting growth) (Singh et al. 2003). In
agroforestry systems, the allelopathy sources could derive
from both forestry and agricultural plant, but the effect will
be bigger from forestry plant to an agricultural crop. The
study of A. excelsa allelopathy was performed because of
neem (Azadirachta indica) as close genus to A. excelsa is
one of the woody plants with allelopathy properties which
can inhibit the growth of agricultural crop (Xuan et al.
2003; Kato-Noguchi et al. 2014).
Positive interaction is indicated when the system can
support the growth of both forestry and agricultural plant.
To obtain the information about growth response for both
of A. excelsa and Phyllanthus sp. in agroforestry systems,
thus this study was performed. This research aimed to (i)
analyze the effect of allelopathy in A. excelsa leaf and twig
on the growth of Phyllanthus urinaria L. and Phyllanthus
debilis Klein ex Wild, (ii) analyze the growth of A. excelsa
in monoculture and agroforestry systems and (iii) analyze
the growth of Phyllanthus in monoculture and agroforestry
systems.
MATERIALS AND METHODS
Research location
The research was conducted at the greenhouse of
Silviculture Laboratory, Department of Silviculture,
Faculty of Forestry, Institut Pertanian Bogor, West Java,
Indonesia and land of Conservation Unit of
Biopharmaceutical Research Center Cikabayan, West Java,
Indonesia. Analysis of A. excelsa compounds content was
performed by GC-MS pyrolysis test in Laboratory of
Research Center and Development of Forestry Technique
and Forest Products Processing (P3KKPHH) Gunung Batu,
Bogor, West Java, Indonesia.
Materials
Materials used in this research were a plastic bag, soil,
compost, two years old A. excelsa stand, P. debilis Klein ex
Wild and P. urinaria seeds and seedlings, inorganic
fertilizer, etc.
Research procedure and data analysis
This study was divided into three parts:
Analyze the effect of allelopathy in A. excelsa leaf and twig
on the growth of P. urinaria and P. debilis
Research procedure. The seedling used must have 3-5
leaves (Oktavidiati 2012), then planted into a plastic bag
with a size of 15 cm x 20 cm filled with growth medium
(soil and compost 2: 1) as much as 1 kg. Plant maintenance
was done such as weeding, pest and disease controlling,
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watering, and fertilizing. The fertilizer used was inorganic
fertilizer namely Urea, SP-36, and KCL. SP-36 with a dose
of 100kg/ha was given at the beginning of planting period
while Urea with a dose of 200 kg/ha and KCL with a dose
of 150 kg/ha was given two times at 4 weeks after planting
and 6 weeks after planting (Bermawie et al. 2006). Replanting dead plant was done until the plants 2 weeks after
planting.
The method used to extract A. excelsa leaf and twig
litter was maceration. Maceration method used sample
submersion inside an organic solvent at room temperature
(Darwis 2000). Ethanol solvent is better used to extract
Phyllanthus to obtain phenolic content and antioxidant
compared to water solvent with composition 60: 40
(Martinus and Riva’i 2011). Therefore, this experiment
used ethanol solvent. Leaf and twig litter of A. excelsa were
cut to a length of 0.5 cm and was oven-dried in temperature
of 800C for 48 hours. Then, the leaf and twig were grinded
to make it powder. To obtain 10% extract concentration
w/v, each powder of leaf and twig were weighed and as
much as 10 g of powder were extracted using 100 ml of
alcohol 70%. The solution was then centrifuged at a speed
of 150 rpm in room temperature (25-27oC). The extract
obtained was then filtered using filter paper. The extract
then diluted and sprayed in the samples crop as much as 10
ml/plastic bags according to treatment. Application of A.
excelsa leaf and twig extract was done once in three days
(Solichatun and Nasir 2002) for 10 weeks. The observation
of Phyllanthus growth was done once in two weeks for 10
weeks to the parameters observed such as height, number
of composite leaves, and number of branches.
Data analysis. The research used split plot design with
14 treatments and three replications for each treatment. The
main plot was Phyllanthus species, while the subplot was
extracted concentration. Phyllanthus. species consisted of
P. urinaria and P. debilis while the subplot consisted of
seven extracts concentration.% A. excelsa leaves extract,
P3 = 5% A. excelsa leaves extract, P4 = 1.25% A. excelsa
twigs extract, P5 = 2.5% A. excelsa twigs extract, and P6 =
5% A. excelsa twigs extract. Data was analyzed using
analysis of variance (ANOVA) with 5% degree to identify
the difference among treatments. Duncan's multiple range
test of 5% level was conducted when there was a
significant difference among observed parameters.
Growth of A. excelsa in monoculture and agroforestry
systems
Research procedure. A. excelsa stands in this research
was 2 years old with planting space 2.5 m x 2.5 m in two
cropping pattern namely monoculture and agroforestry.
Plant maintenance was conducted in monoculture stand and
in agroforestry stand. Measurement of A. excelsa
dimension included height (cm) and stem diameter (cm)
(Wijayanto and Hidayanti 2012).
Data analysis. The design used in this part was
complete randomize design with one factor and two
treatment which was monoculture (P0) and agroforestry
(P1) system with 14 replications for each treatment. Data
was analyzed using analysis of variance (ANOVA) with
5% degree to identify the difference among treatments.
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Duncan's multiple range test of 5% level was conducted
when there was a significant difference among observed
parameters.
Growth of P. urinaria and P. debilis in monoculture and
agroforestry systems
Research procedure. The area used was open area and
area with A. excelsa stand. Before planting, tillage was
done in 30 cm depth to make the soil loose. Weed under A.
excelsa stand was cleared. The soil was ripped and plotted
with a size of 3 m x 1 m. There were 4 plots for each
treatment. Every agroforestry plot was surrounded by A.
excelsa stand with a spacing of 2.5 m x 2.5 m.
Phyllanthus seedling used was collected from a natural
area with 2-5 leaves both for P. urinaria and P. debilis.
After that, the seedling planted based on the most similar
character to obtain the same age range of the seedling. The
seedling was planted with a spacing of 20 cm x 20 cm.
Number of seedlings planted was 4 plots with 12
individuals for each plot. Next, the observed plant was 10
sample plants which were obtained based on randomization
and not included edge crop.
Plant maintenance was fertilizing, weeding, pest and
disease control, spraying and replanting of death plant.
Fertilizer used was manure and inorganic fertilizer (Urea,
SP-36, KCL). Manure with dose of 20 ton/ha and SP-36
with dose of 100kg/ha was given in the beginning of
planting while urea with dose of 200 kg/ha and KCL with
dose of 150 kg/ha was given two times in 4 weeks after
planting and 6 weeks after planting (Bermawie et al. 2006).
Phyllanthus harvesting was done in 14 weeks after
planting (before flowering). Harvesting was done by
pulling out the plant when optimum vegetative phase
before flower initiation occur (Bermawie et al. 2006). The
growth parameters of Phyllanthus observed were height
(cm), number of complex leaves, and number of branches.
Data analysis. This experiment used Complete
Randomized Block Design with one factor. The treatment
used were monoculture of P. urinaria (P0Mm),
monoculture of P. debilis (P0Mk), agroforestry of P.
urinaria and A. excelsa (P1Mm), and agroforestry of P.
debilis and sentang (P1Mk). The group consisted of four
groups namely cropping pattern. Data was analyzed using
analysis of variance (ANOVA) with 5% degree to identify
the difference among treatments. Duncan's multiple range
test of 5% level was conducted when there was a
significant difference among observed parameters.
RESULTS AND DISCUSSION
Analyze the effect of allelopathy in A. excelsa leaf and
twig on the growth of P. urinaria and P. debilis,
The result of analysis of variance (Table 1) shows that
treatments did not significantly affect the growth of
Phyllanthus for all parameters. The treatments from the
lowest concentration (1.25%) to the highest one (5%) did
not give different growth to Phyllanthus when it is
compared to control. It indicated that the leaves and twigs
extract of A. excelsa were not allelopathy negative to

Phyllanthus growth.
Based on GC-MS pyrolysis test, litter extract of leaves
and twigs of A. excelsa have compound content that may
probably be allelopathy such as diterpene, phenolic, and
fatty acid (Li et al. 2010), however, the content was quiet
low so they did not inhibit the growth of Phyllanthus.
Besides, the number of leaves and twigs of A. excelsa that
fell to the ground was lower than neem which in some
papers reported having allelopathy properties. This
condition is beneficial in agroforestry systems because the
integration of two plants did not give negative effect to
both plants based on allelopathy properties.
Inhibition mechanism of allelopathy occurs through
complex metabolism process including cell division and
elongation, growth regulation by inhibiting the growth
regulator substances, nutrient uptake, photosynthesis,
respiration, stomata opening, protein synthesis, carbon
storage and pigment synthesis, membrane permeability,
and alter the function of specific enzyme (Einhellig et al.
1985). The addition of A. excelsa leaf and twig litter extract
to yellow and P. urinaria did not affect significantly due to
the good defense mechanism of Phyllanthus. Either
morphologically or physiologically to the inhibition
mechanism of A. excelsa allelopathy. Astutik et al. (2016)
explained that green beans do not experience growth
inhibition caused by beluntas leaf because green beans cell
is covered by lignin as a morphological defense system.
Phyllanthus also has lignin content in the entire stem which
might prevent A. excelsa allelopathy effect (Gupta et al.
1984).
Phyllanthus species influenced significantly the number
of leaves and number of branches (Table 1). This result
shows that both species have different morphology. P.
urinaria and P. debilis had relatively the same height. P.
urinaria had more number of branches which made the
number of leaves also higher than P. debilis (Table 2). This
is because the stem leaf segment of P. urinaria is shorter
and the leaf is denser. The number of leaves and branches
for the P. urinaria reached approximately 70 and 8
respectively while P. debilis had only 30 leaves and 5
branches.
Height, number of leaves and number of branches are
the factors which influenced biomass component of a plant.
Biomass also can be estimated from wet weight and dry
weight of the plant. P. urinaria has higher biomass than the
yellow one. Part of Phyllanthus used to make traditional
medicine is the biomass due to the higher compounds
content in the biomass. Therefore, the higher biomass of
Phyllanthus, the more compounds content will be obtained
so it is best to use as medicine. P. urinaria which have high
biomass is recommended to be cultivated.
Growth of A. excelsa in agroforestry system
Cultivation in agroforestry systems will create a process
that mutually influences components and it is called as
interaction. The interaction can be positive or negative.
Therefore, choosing plants to be cultivated in agroforestry
must be done carefully by considering to create no harm on
the cultivation. One of the interactions occurs can be seen
from the growth of components planted.
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Table 1. Recapitulation of analysis of variance of A. excelsa
extract influence to Phyllanthus.
Treatments
Agroforestry Monoculture
Height
ns
ns
ns
Number of leaves
*
ns
ns
Number of branches
*
ns
tn
Note: ns: not significantly different, (*): significantly different on
test-level 5%
Parameters

F test

Table 2. Duncan’s Multiple Range Test of Phyllanthus
Number of
Number of
Phyllanthus
Height
species
leaves
branches
P. urinaria
27.62a
70.21a
8.00a
P. debilis
33.56a
31.33b
5.38b
Numbers followed by the same letters and columns are not
significantly different (Duncan’s MRT)

Table 3. Recapitulation of analysis of variance of A. excelsa
Treatments
Agroforestry
Monoculture
153.79a
Height
ns
160.71a
Stem diameter
ns
1.599a
1.331a
Note: ns: not significantly different. Numbers followed by the
same letters and rows are not significantly different
Parameters

F test

Table 4. Analysis of variance of Phyllanthus
Parameters

Treatments

Block

Height
*
ns
Number of leaves
*
ns
Number of branches
*
ns
Note: ns: Not significantly different, (*): significantly different on
test-level 5%

Table 5. Duncan’s Multiple Range Test of Phyllanthus growth
Treatments

Height

P0Mm
30.97b
P0Mk
49.84a
P1Mm
29.80b
P1Mk
21.73b
Note: Numbers followed
significantly different

Number
leaves

of

380.95a
84.86b
38.90b
36.39b
by the same letters

Number
branches

of

17.75a
11.06b
5.20c
3.74c
and columns are not

A. excelsa is local species of Borneo that, grows better
from 350 m above sea level with a temperature between 22
and 27 0C and rainfall around 2000 mm/year (Joker 2000).
It is matched to the condition of the research site, namely
193 m above sea level with an average temperature of 26.227.1 °C and average rainfall of 329.7-373.0 mm/months. A.
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excelsa is very potential to be implemented in agroforestry
systems due to its cone and balance architecture.
A. excelsa growth planted in agroforestry did not show
the significant effect to the ones in monoculture systems in
all growth parameter observed (Table 3). It indicated that
there was no inhibition or stimulation mechanism from
agroforestry systems to A. excelsa growth. This condition
does not match with research by Puri et al. (2016) which
stated that the height and stem diameter of A. excelsa in
agroforestry system were higher than the ones in
monoculture. The difference was maybe due to a short
period of A. excelsa measurement which was only 3
months.
Growth of P. urinaria and P. debilis in monoculture and
agroforestry systems
Cultivation in agroforestry systems will also
influence the crop under shade. P. urinaria and P. debilis
cultivated under A. excelsa stand had very different growth
of height, number of leaves, and number of branches
compared to monoculture, but no significant difference was
recorded in each planting blocks (Table 4).
Based on ANOVA results in Table 5, the height of
monoculture of P. debilis had the highest value compared
to other treatments. Height growth in plant occurs because
of elongation of stem segment as a result of the increase in
a number of cell in intercalary meristem of the stem
(Gardner et al. 2008). The height increase of P. debilis
between monoculture and agroforestry was different due to
a light deficiency in agroforestry system. The shade from
A. excelsa stand probably has exceeded the maximum
compensation light of P. debilis.
Height growth of a plant in abiotic stress condition of
light deficiency depends on the adaptation capability of the
species. Shading influences the photosynthesis and
respiration process which affect the productivity and
growth (Heddy 1987). P. urinaria is considered to have
more adaptive properties than P. debilis. It was indicated
by the height growth of P. urinaria both in agroforestry
and in monoculture system which did not show significant
different. P. urinaria can grow under A. excelsa stand well.
On the other hand, agroforestry of P. debilis had a lower
height than the ones in monoculture. Monoculture of P.
urinaria also showed lower growth than a monoculture of
P. debilis. It indicated that P. debilis had higher height
growth properties than P. urinaria.
Light intensity in agroforestry systems was around 100
lux, while in monoculture was 500 lux. Light intensity
influences significantly to the photosynthesis rate and
process in which shaded leaf will have lower
photosynthesis rate than the one which is not shaded (Taiz
and Zeiger 2002). Phyllanthus as C3 plant will not undergo
CO2 fixation process under light deficiency condition that
will inhibit the photosynthesis process (Lakitan 2013). This
condition will affect the plant growth including cell
division in meristem tissue which leads to the height
growth of the plant.
Besides the height, the light deficiency also affects the
growth of another parameter such as number of leaves, and
number of branches. Number of leaves in monoculture of
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P. urinaria was highest than the other treatments with
390.69 leaves. Parman (2010) also stated that reduce in
light intensity can reduce the number and width leaf of
radish. The number of Salvia officinalis leaves responded
similarly to light intensity (Zervoudakis et al. 2012).
P. urinaria had more number of leaves than P. debilis.
It was due to the shorter stem segment of P. urinaria which
makes the denser leaf and lead to the more number of
leaves. The number of leaves is correlated to the number of
branches in which the more number of branches, the more
number of leaves. Monoculture of P. urinaria showed the
highest number of branches than the other treatments. It led
to more leaf of P. urinaria than the P. debilis.
Monoculture of P. urinaria showed the best growth
compared to other treatments in all parameters except for
height and root dry weight. Agroforestry system of P.
urinaria had better growth than agroforestry system of P.
debilis. It indicated that P. urinaria had better adaptation
than P. debilis. This condition matched to Oktavidiati
(2012) that P. urinaria is more stress resistant compare to
green Phyllanthus. Either for water content stress, pest
resistance, or anthocyanin content. It is predicted because
P. urinaria has trichrome. P. urinaria also has high
adaptability to high light intensity and under shade. Based
on the growth properties, P. urinaria can be integrated in
agroforestry system.
Height, number of leaves and number of branches are
factors that affect biomass component of plant. Phyllanthus
biomass is used as raw material for traditional medicine.
Therefore, high biomass content in Phyllanthus will
produce more chemical compounds and goods for
medicine. Phyllanthus growth in monoculture was better to
gain biomass than in agroforestry system. Therefore,
Phyllanthus is better to be cultivated in monoculture or in
agroforestry system when the stands are still young and
creates a thin canopy.
In conclusion, A. excelsa did not have allelopathy
properties to Phyllanthus growth when they were planted
together. Agroforestry systems did not affect the growth of
A. excelsa. Agroforestry systems reduced the growth of
both P. urinaria and P. debilis due to light deficiency.
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Abstract. Harmonis, Saud OR. 2016. Effects of habitat degradation and fragmentation on butterfly biodiversity in West Kotawaringin,
Central Kalimantan. Biodiversitasx 18: 500-506. The main purpose of this study was to examine the effects of degradation and
fragmentation habitats to butterfly communities. To be specific, species diversity, taxonomy structure, main species in every study sites
were observed to find out the effects and correlation of each parameters. Field study was carried out in 8 sites in Kotawaringin Barat,
Central Kalimantan Province, Indonesia. The specimens were collected using aerial insect nets and baited traps in January-February 2016.
From the result of the study, the total of 1085 individual in 130 species was successfully collected. Based on distribution analysis using
Shannon-Wiener index, the diversity of butterfly was in the range of middle to high categories (H’ = 2.7-3.5). Of another parameter
analysis, it showed that butterfly communities were affected by degradation habitat, while fragmentation habitat did not influence to the
butterfly communities. Furthermore, the range of degradation level in the study sites did not correlate with the number of species and
taxonomy structures, but the distribution of the special-group of main species showed in correlation. Lexias dirtea was only found in dense
forests (site S-7), then Neptis hylas and Parantica agleoides appeared in shrub habitat (site S-5 and S-6). The finding indicated that
green patches have valuable contribution to conserve the ecosystem as valuable germplasm for butterflies and also arthropods.
Keywords: biodiversity, butterfly, habitat, Kalimantan, tropics

INTRODUCTION
Butterfly group (Rhopalocera) is one of the taxa, which
highly contribute to the megabiodiverse resources in the
world. The species number of butterfly notably reach of
more than 17.000 species worldwide (Shields 1989).
Indonesia, geographically known as a tropical country and
one of the megadiverse countries in the world, has many
butterfly species within which more than 2.500 species and
35% of them noted as an endemic species. It is predicted
that the number of butterfly species will increase
significantly in line with the increasing number of research
exploration activities. Up to now, the study of butterfly
species do not extend to the entire spatial representation of
regions and the diverse type of tropical ecosystem, yet
(Kristensen et al. 2007; Matsumoto dan Noerdjito 2009,
Reichholf 2010; Harmonis 2013).
The tropical ecosystem has the specific natural
characteristics with the variety of fauna species affected by
the natural condition and the local climate. As one of the
tropical region in Indonesia, Kalimantan island possesses
the high ecosystem diversity. This island comprises the
lowland mixed dipterocarp forest, mangrove forest, heath
forest, peat forest, brackish water forest, and montane
forests (Langner et al. 2007). In each type of ecosystem,
many varieties of habitat rise as results in either natural
form or human activities (anthropogenic activities).
Generally, the formation type of habitat happens due to the
degradation of primary habitat (climactic level of
ecosystem type) which is subsequently followed by
ecological succession as a way to the recovery process.

This wide range of habitat degradation will cause the
fragmentation process and the habitat isolation. The
phenomenon of habitat formation has globally happened
including in Kotawaringin, Central Kalimantan which is on
the mission to strengthen the food sovereignty in the
agriculture, plantation, fishery and livestock sectors (Perda
Kobar 2006).
In order to balance the sustainability of ecosystem in
the midst of economic growth and development, it is
necessary to develop the integrated management by
concerning the ecological aspects especially in the buffered
wildlife region. Butterfly as a part of wildlife organisms
has the strategic ecological function as pollinator and
ecosystem catalisator (Braby 2011; Peggie 2014). It is of
importance to consider the quality of butterfly habitat as a
main target in the integrated management. Of this reason,
the objectives of this study were to know the carrying
capacity of degraded and fragmented habitats toward the
butterfly life by focussing on the observation of its species
diversity, taxonomic structure, and the main types of
species in each habitat as well as the effect of habitat
degradation and fragmentation itself.

MATERIALS AND METHODS
Research sites
Field data collection was conducted at eight sites of
degraded and fragmented forest in West Kotawaringin,
Central Kalimantan, Indonesia. The locations are located in
the north of the city of Pangkalan Bun which can be
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West

Figure 1. The research sites spread on the West Kotawaringin district in Central Kalimantan, Indonesia

accessed by four wheel transportation for 2-3 hours from
Pangkalan Bun. The research location is at the latitude of
111 ° 28'46,4 "-111 ° 44'25,6" E and 02 ° 14'10,4 "-02 °
24'23,9" LS (Figure 1). The topographical condition was
flat to hilly plain with an altitude of 20-150 m above sea
level.
The research sites have generally been degraded due to
illegal logging and former plantation activities. Afterward,
the wide refunctioning land was conducted intensively for
opening oil palm plantation and agricultural land purposes,
causing the formation of habitat degradation and isolation.
Location S-1 is a peat forest site with the mostly occupied
condition and some others are still in good condition with a
tighter and closer linked of the plant canopy. Location of S2, S-3 and S-4 has the same history as a large former
rubber plantation, which has been abandoned for along
time and now was blended with the surrounding vegetation
of forest. Canopy has tightly covered with the species type
of rubber which is dominantly still in an active
rejuvenation. Location S-5 and S-6 is an area of limestone
hills overgrown by vegetation type of shrub and surrounded
by a few trees vegetation. Location S-7 is a representation
of a remained existence of dense forest located on the
border tributary and the former traditional fields, which
could be seen from the presence of large-diameter trees
from other mixing types of forest vegetation. While the
location of S-8 is a young secondary forest dominated by
standing pioneer especially the species type of mahang
(Macaranga spp.).
Sampling method
Field sampling was conducted from January to
February 2016. The butterfly specimen was collected by
aerial insect net and bait traps. Insect netting method was
conducted by arbitrary netting with a cruising radius of
between 500 and 1.000 m. Netting butterfly activities

carried out by following the effective time of butterfly
activities between 8 am and 4 pm (Matsumoto et al. 2015)
with duration for each location ranged from 12 to 24 hours
with one repetition. Networking was done by two people
with the searching direction was different from each other.
Bait traps installed at the height of 5-10 m above the
ground with 10 traps set proportionally to the location area.
To attract butterflies into the trap, the ripe or rotten bananas
fermented with sugar used as baits. The tool was then
installed together with the crawl implementation. The
checking intensity was conducted at least two times a day
to avoid the death of samples.
Prior to specimen identification by considering the
conservation purpose, only one specimen of a butterfly for
each type was applied in this study. The next captured
samples were released again after they were listed and
labeled. Specimens taken from the field with a dry
preservation system were then sent to the Forest Protection
Laboratory, Faculty of Forestry, Mulawarman University in
Samarinda, East Kalimantan, Indonesia for further
preservation. After the followed preservation process such
as relaxation, fixation and drying process, the specimens
were then identified using the determination guidelines and
benchmarking images from Otsuka (1988), Seki et al.
(1991), de Jong and Treadaway (2008).
Data analysis
Data analysis was subjected to determine the species
diversity, taxonomic structure, the main types of each
habitat as well as the influence of habitat degradation and
fragmentation of the butterfly existence. The diversity of
butterflies was seen not only by the absolute number of
species collection, but also the description of the diversity
index. In this case, the diversity index was calculated using
Shannon-Wiener index with the mathematical equation
(Krebs 2014) as follows:
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Where H 'was the Shannon-Wiener index, Pi = ni / N,
ni was the number of an individual species-i, and N was the
total number of individuals. Values H '= 0-1 included in the
low category, H' = 1-3 medium category, and H '=> 3 was a
high diversity categories.
The taxonomic structure was arranged based on the
location of the species level, from genus to family. The
analysis was focused on the species composition exhibiting
the community of each family. The main types were then
obtained by calculating the dominant individual numbers.
The obtained percentage of dominance from 3.2 to 100%
included in the category of major types and those under 3.2
%, was categorized as the follow-up type (Engelmann
1978).
Effect of habitat degradation and fragmentation was
analyzed using a series of calculations. Circuit analysis
began with determining the groups and the close number of
relationship in the butterfly habitat using Sørensen index,
which were then projected to the multidimensional scaling
(MDS) analysis. Technical calculations of Sørensen index
referred to Krebs (2014) as follows:

of collected individuals was under 100 individuals
consisting of less than 30 number of species. As mentioned
earlier, the S-1 location was known as the sole location of
peat-swamp habitat, while other ones were the lowland
habitat, mostly well known for the abundance of
community resources. This result was in accordance with
Matsumoto and Noerdjito (2009), Harmonis (2013), and
Matsumoto et al. (2015) who reported that in the lowland
habitat, the species number of the butterfly was larger than
those in peat-swamp habitat (Houlihan et al. 2012; Sukma,
2012).
The habitat group of butterfly
Based on the Sørensen index calculations projected in
the multidimensional scaling (MDS) analysis, the close
relationship index obtained in this study could be used as
the indicator of habitat quality. Results show that there
were four different group of habitat (Figure 2). The group I
represented by the location of S-7 was the lowland habitat
with the dense vegetation (old secondary forest). The group
II consisted of S-3, S-2, S-4 and S-8 sites was the former
habitat of rubber plantation and the young secondary forest.
The group III was thickets habitat, represented by the
location of S-5 and S-6. While the group IV was the peat
forest habitat, represented by the location of S-1.
Table 1. The number of individuals, species and diversity index
of butterfly observed in 8 different location in West
Kotawaringin, Central Kalimantan, Indonesia

Where G was the number of the same species in both
sites. The SA and SB represent the number of species at
locations A and B. While MDS analysis is conducted using
IBM software SPSS® Statistics 22.
The relationship between the quality of butterfly habitat
and another analyzed parameters i.e; the degree of
degradation, fragmentation, species diversity and
taxonomic structure was tested by bivariate Pearson
correlation test. This test was also done using IBM SPSS®
Statistics 22.

Location
S-1
S-2
S-3
S-4
S-5
S-6
S-7
S-8

The
number of
individuals
95
132
131
122
135
113
183
174

The
number
of
species
28
40
31
43
41
32
42
36

Diversity index
ShannonWiener
Category
(H’)
2.8
Medium
3.2
High
2.8
Medium
3.5
High
3.1
High
3.1
High
3.1
High
2.7
Medium

RESULTS AND DISCUSSION
The diversity of butterfly species
Of this study, the result shows that around 1.085
individual number of butterflies has been collected,
comprising of 130 species. These species spread out from 8
different observation sites, which most of those species
were Hesperiidae (18), Lycaenidae (29), Nymphalidae
(65), Papilionidae (7), Pieridae (7), and Riodinidae (4). In
each research sites, the number of species varied between
28 to 43. Based on the diversity index analyzed using
Shannon-Wiener equation, the diversity level of the
butterfly was categorized from medium to high level (H’ =
2.7-3.5).
Table 1 presents the number of butterfly specimens
captured in each different locations, which mostly showed
insignificantly different amongst those in 8 different
observation sites. The extreme variety of those results
could be seen from those in S-1 location with the number

Figure 2. The group classification and close relationship of butterfly
habitats based on Sorensen index calculations

HARMONIS & SAUD – Habitat quality for butterflies

Based on the relationship classification (Figure 2), it
could be seen that most of all relationship order was in line
with the degree level of degradation and succession stages
in each represented locations, except for the location of S-1
possessing the different type of ecosystem i.e., the peatswamp forest with waterlogging conditions. The unique
performance of peat-swamp ecosystem limited the
community movements; thus, the certain organisms which
could be well-adapted in this condition will be further
survived. This became a strong evidence regarding the
different community in the peat-swamp forest habitat. Of
the species diversity, although the study of butterfly in this
ecosystem was still low, it could be initially projected that
the species diversity of butterfly in the peat-swamp forest
was lower than those in lowland habitat. Sukma (2012) has
reported that only around 27 species of butterfly in the peat
swamp forest in Riau region could be successfully
identified. Houlihan et al. (2012) also reported that they
only could identify 11 species of butterfly in the peatswamp forest in Central Kalimantan using fruits as baits.
The limited number of butterfly species in the peat-swamp
forest was also confirmed in this study, shown in the lowest
number of butterfly species compared to those obtained in
the lowland ecosystem.
Due to the different type of ecosystem which could
contribute to the bias data, the main observation focus of
another parameter in this study was only subjected to the
plain forest ecosystem. Of this reason, the data obtained in
the location of S-1 (habitat IV) was not being used for
determining the effect of degradation and fragmentation of
habitat to the habitat of butterfly communities.
Based on the vegetation type and canopy cover, the
degree of degradation habitat was classified into four
categories. The fragmentation figure was illustrated by the
absolute wide of formed area (Table 2). Data was subsequently
aligned with the habitat of butterfly community in order to
know the effect of degraded and fragmented habitat on the
existence of butterfly communities.
The tested results show that there was a significant
effect of degradation degree on the butterfly communities
(Pearson correlation= 0.943 in the level of 1%). The
butterfly was known as sensitive taxa toward the
environment changes. It has been confirmed by many
researchers that the degraded habitat will mostly affect the
composition of butterfly community. Barlow et al. (2007,
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2008), Akite (2008), and Sáfián et al. (2011) stated that
there was the decreasing trend of species diversity in the
climactic habitat compared to that in the degraded habitat
such as secondary forest, plantation and other degraded
habitats.
Meanwhile, based on the tested result in the fragmented
habitat, it shows that the fragmented habitat had no effect
on the butterfly community. This result was in accordance
with the findings from Ribeiro et al. (2008) and Krauss et
al. (2010) who reported that the fragmentation or habitat
isolation had no effects on the species biodiversity of
butterfly.
The species diversity
It has been widely noted that the climactic forest habitat
possesses the high number of species compared to the
degraded habitat (Barlow et al. 2007; Akite 2008; Sáfián et
al. 2011). However, for another habitat categories under the
climactic forest habitat, they did not mostly have the same
significant gradation level of degradation habitat as those
commonly happened. This was in line with the study
conducted by Harmonis (2013) and Lee et al. (2014). This
might happen due to the dynamic community movement as
an effort to adapt the habitat changes such as the certain
species departed from the certain habitat because of
unsuitable habitat condition, while another one came into
the habitat prior to new habitat formation.
The unclear distinction of both species number and
diversity index (Shannon-Wiener) in each community
habitats happened in this study. The result from Pearson
correlation analysis showed the value of -0,339 (sig. 0,456)
for the habitat relationship and the number of species; and
0,26 (sig. 0,955) for habitat relationship and the diversity
index (Shannon-Wiener).
Taxonomic structure
Based on the taxonomic structure analysis, all collected
data shows the same structure pattern in all research sites.
Nymphalidae was the most dominant family ranging from
51 to 75% of 6 families founded in the research field,
followed by Papilionidae, Pieridae and the last one,
Riodinidae as the smallest number of species. These
structure patterns were commonly found in the abundance
of butterfly species in all regions of Kalimantan island
(Harmonis 2013).

Table 2. The group of research sites in West Kotawaringin, Central Kalimantan, Indonesia based on the type of habitat, the degradation
degree, wide area and the butterfly habitat
Location

The type of habitat

S-2
S-3
S-4
S-5
S-6
S-7
S-8

The former rubber plantation
The former rubber plantation
The former rubber plantation
Thickest forest
Thickest forest
The old secondary forest
The young secondary forest

The degradation degree
2
2
2
4
4
1
3

The wide area (ha)
63
47
274
76
78
208
109

The butterfly habitat
2
2
2
3
3
1
2
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4

No. of species

Shannon-Wiener index

3.5
3
2.5
2
1
0.5
0

Habitat group/location

Habitat group/location

Percentage (%)

Figure 3. The relationship between the number of species and the diversity index toward the butterfly habitat

Family
Figure 4. The composition of butterfly family based on the percentage of species number

Table 3. The distribution of main species and its dominant value based on the habitat group
The group of habitat I
Species
Dominance (%)
Amathusia phidippus
Cupha erymanthis
Elymnias hypermnestra
Jamides philatus
Lexias dirtea
Mycalesis anapita
Mycalesis horsfieldi
Ypthima fasciata

7.1
4.9
22.4
6.0
7.1
8.7
3.8
3.8

The group of habitat II
Species
Dominance (%)
Amathusia phidippus
Cupha erymanthis
Elymnias hypermnestra
Jamides celeno
Sithon nedymond
Ypthima fasciata

11.8
4.7
13.1
3.4
5.1
7.3

The group of habitat III
Species
Dominance (%)
Amathusia phidippus
Elymnias hypermnestra
Euploea mulciber
Moduza procris
Mycalesis horsfieldi
Neptis hylas
Parantica agleoides
Ypthima fasciata
Ypthima pandocus

7.1
4.0
6.7
3.5
3.5
5.2
8.9
8.2
6.6

HARMONIS & SAUD – Habitat quality for butterflies

The structure of family composition amongst habitats
apparently showed no differences, except for Nymphalidae,
which apparently show the increasing trend of its species
number linear with the increased level of habitat
degradation (Figure 3-4). However, that increasing trend
faltered when entering the habitat of group III causing the
Pearson correlation test showed a level of insignificance.
The distribution of main species
Based on the analysis using Engelman dominant scale,
15 species of butterfly belonged to the category of main
species (the dominance > 3,2 %) in each different type of
habitat. Eight species of butterfly was the main species for
the group I of habitat, six species for group II, and nine
species for group III (Table 3). Of that main species
distribution, several butterfly species could be classified
into special and general group. The special group of habitat
I was Mycalesis anapita, Lexias dirtea dan Jamides
philatus. Sithon nedymond and Jamides celeno for habitat
II, while Parantica agleoides, Euploea mulciber, Neptis
hylas, and Moduza procris for habitat III. Meanwhile,
Amathusia phidippus, Cupha erymanthis, Elymnias
hypermnestra, Mycalesis horsfieldi and Ypthima fasciata
was categorized as general group.
Several special species shown in Table 3 has been
confirmed as the indicator species for certain habitat.
Lexias dirtea was a detector species for the dense forest
(climactic forest), while Neptis hylas and Parantica
agleoides were an indicator and detector species for thicket
habitat (Harmonis 2013). Vu and Vu (2011), and
Matsumoto et al. (2015) has also confirmed that habitat and
their species. Therefore, the result of species distribution in
this study has elucidated that community changes were in
line with the degree of habitat degradation. It also
confirmed that the level of habitat degradation was
analytically arranged as shown in Table 2.
Based on all obtained data, it can be concluded that the
quality of butterfly habitat was affected by the degradation
degree in certain habitat. The fragmentation degree of
habitat had no impact on the quality of butterfly habitat.
Moreover, the degree of habitat degradation observed in
this study had no correlation with the changes of the
species diversity number, the taxonomic structure but it
changed the composition of butterfly communities. Of
those results, habitat with an area of 40 ha is still worth to
be conserved for supporting the butterfly life. These green
patches will be of significant value to preserve the
germplasm in the regions indicated with the fragmented
habitat problem.
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Abstract. Mirzaei MR, Seraji F, Erfani E, Rad TA, Aminikhoei Z, Azhang B. 2017. Assessing phytoplankton community structure in
relation to hydrographic parameters and seasonal variation (Pre & Post Monsoon). Biodiversitas 18: 507-513. The present study is
conducted to assess hydrographical parameters, phytoplankton composition and the relationship between physicochemical parameters
and phytoplankton assemblages along Chabahar coastal waters, South coast of Iran. Based on the collected samples from four stations,
all the hydrographical parameters such as sea surface temperature, salinity, pH, DO and nitrate, inorganic phosphate, silicate, and
phytoplankton assemblages were studied for five months (from April 2014 to August 2014). A total of 165 phytoplankton groups/taxa
were observed in which the Dinophyceae formed the dominant group in all seasons. During the pre-monsoon season, Dinophyceae
(56.5%) was the most abundant phytoplankton group followed by Bacillariophyceae (40.8%), Cyanophyceae (1.7 %) and
Dictyochophyceae (0.8%). Meanwhile, in the post-monsoon season, Dinophyceae was dominant (49.5%), followed by
Bacillariophyceae (46.7%), Cyanophyceae (1.8%), and Dictyochophyceae (1.8%). The highest phytoplankton density was in mid-May
(19584953± 345182 cell per litter) and the lowest was in late July (163928± 1790 cells per liter). Salinity, nitrate, phosphate, silicate
showed significant variation (p<0.05) among seasons while pH, seawater temperature, dissolve oxygen did not show significant
differences in all stations over the study periods (p<0.05). Phytoplankton density correlated positively with water temperature and
salinity. Results showed an increased concentration in phytoplankton density during Pre-monsoon season followed by Post-monsoon
and monsoon season.
Keywords: Abundance, diversity, monsoon, physicochemical parameters, phytoplankton

INTRODUCTION
Phytoplankton is one of the most important organisms
in marine and coastal environments and are generally
comprised of a number of taxonomic groups. These
organisms are highly diverse in the vertical stratification of
the water column (Mellard et al. 2011). Phytoplankton
accounts for most of the primary productions of the global
ocean and produce more than 50% of the oxygen and
organic materials depending on the season (Helbling and
Villafane 2009). In addition to their role as a primary
producer, through such processes as photosynthesis (Knoll
et al. 2003), calcification (Iglesias-Rodriguez et al. 2008),
and nitrogen fixing (Howarth 1988), they are considered as
the base of the marine food web, consumed by
zooplanktons which are subsequently consumed by large
marine life such as fish. Therefore, they are efficient in
assessing the fishery potential of different regions
(Berglund et al. 2007). However, phytoplanktons can
produce powerful biotoxins and cause oxygen depletion,
thereby increasing marine mortality rate and threatening
the aquaculture industry and human health (Luckas et al.
2005; Rodgers 2008).
Monsoon is a period of the year characterized by
changes in wind direction and climate (Kelly et al. 2006). It

starts from the southern margins of India and reaches the
northern coast of Oman Sea at an advanced stage. In this
particular region, also known as Chabahar, monsoonal
winds change the weather conditions and hydrographical
features in the water column. In fact, the year is divided
into pre-monsoon, northeast monsoon, southwest monsoon,
and post-monsoon seasons (Fazeli and Zare 2011;
Rabbaniha et al. 2014). Environmental changes due to
monsoon season further alter the structure and function of
biological organisms (Gettelman et al. 2004).
Phytoplankton distribution in the water column is not
always uniform and varies at different zones by
physicochemical parameters (Loureiro et al. 2006). The
knowledge on phytoplankton community is essential to the
study of marine biodiversity. The species composition and
the population density of phytoplankton are dependent on
environmental variables (Macedo et al. 2001). Although
extensive research has been carried out on the taxonomic
identification of different phytoplankton genera, there is
little information on the effect of seasonal variation and
phytoplankton composition on water bodies during
monsoon seasons, hence of this study is to investigate the
impact of hydrographical and environmental parameters on
phytoplankton structure and biodiversity along the north
coast of Oman Sea during monsoon seasons.

B I O D I V E R S I T A S 18 (2): 507-513, April 2017

508

MATERIALS AND METHODS
Study site
The present study was carried out on the north coast of
Oman Sea- Chabahar, Iranian waters. Samples were
collected every two weeks from four fixed stations during
the pre-monsoon (April - May), monsoon (June-July) and
post-monsoon (August) of 2014 (Figure 1). These periods
were classified according to the onset and ending of the
southwest monsoon, which is a factor of climate change in
the region.
Sample collection and identification
In order to analyze the phytoplankton, samples were
collected from the water column through the use of Niskin
bottles. Samples were stored in polyethylene bottles after
preservation with Lugol's solution for laboratory analysis.
The phytoplankton cells were counted with a Sedgwick
rafter-counting chamber under a compound microscope
(Nikon Eclipse-E600) with different magnifications.
Utermöhl's (1958) method was used for taxonomy and
identification of the species. The abundance of
phytoplankton is shown as the number of individuals per
cubic meter (ind. m3) according to the following equation
(Santhanam and Srinivasan 1994):
N= n(v/V)×1000
Where:
N: Total number of phytoplankton per cubic meter
n: Average number of phytoplankton in 1 mL of the
sample
v: Volume of phytoplankton concentrate (mL)
V: Volume of the total filtered water (L)
Field and laboratory measurements
Several hydrographical and environmental parameters
were recorded over a period of five months. Sea surface

temperature (SST), pH and salinity were measured at the
study site through the use of thermometer, moored pH
sensors, and hand-held refractometer, respectively. Water
samples were then stored in clean polyethylene bottles and
transferred to the laboratory for the analysis of hydrobiological parameters. Dissolved oxygen was calculated via
Winkler's technique. Furthermore, the collected water
samples were filtered and put into nutrient analysis: nitrate
(NO3) was tested by the cadmium reduction method,
inorganic phosphate (PO4) was studied through the
ascorbic acid method, and silicate (SiO4) was analyzed by
molybdate method employing a PC-based double beam
spectrophotometer.
Data analysis
The correlation coefficient was specified using the
SPSS program version 16 so as to determine the
association between phytoplankton species and different
environmental parameters. A two-way analysis of variance
was conducted in order to find out the differences in the
density of the Phytoplankton groups in different periods
and locations.
RESULTS AND DISCUSSION
Taxa composition
During the study, a total of 165 phytoplankton species
were identified in four stations, 85 species belonging to
Dinophyceae, 76 species belonging to Bacillariophyceae, 2
to Cyanophyceae, and 2 to Dictyochophyceae (Figure 2).
Among the various species Amphisolenia palmate,
Nitzschia sigma, Phormidium abronema, Cochlodinium
polykrikoides, Diplopsalis lenticula, Gymnodinium spirale,
Heteraulacus polyedricus, Prorocentrum belizeanum,
Prorocentrum
gracile,
Prorocentrum
rocentrum,
Protoperidinium conicoides were the dominant species of
the phytoplankton obtained from the three study sites.

Figure 1. Sampling locations (numerical figures I-IV) in the study area map of Chabahar, Sistan and Baluchestan Province, Iran
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Figure 2. Relative abundance (%) of different groups of
phytoplankton from April 2014 to August 2014
Table 1. Number of phytoplankton taxa during pre-monsoon and
post-monsoon of 2014
Group

Pre-monsoon

Post-monsoon

Bacillariophyceae
Dinophyceae
Cyanophyceae
Dictyochophyceae

47
65
2
1

51
54
2
2

During the pre-monsoon season, 115 species were
observed, consisting of 47 species belonging to
Bacillariophyceae, followed by 65 species related to
Dinophyceae, two species of Cyanophyceae type and one
species belonging to Dictyochophyceae. Meanwhile, in the
post-monsoon period, 109 species were observed belonging
to
Bacillariophyceae
(51),
Dinophyceae
(54),
Cyanophyceae (2), and Dictyochophyceae (2) (Table 1).
Density
Seasonally, the mean abundance of phytoplankton
varied considerably (Fig. 3). The highest phytoplankton
density was in mid-May (19584953± 345182 cell per litter)
and the lowest was in late July (163928± 1790 cells per
liter). Phytoplankton population density increased from
April until the beginning of monsoon (late May), then
showed a clear downward trend from the middle of June
until the end of July (the onset of monsoon). Phytoplankton
density increased once again by the change
in phytoplankton density and structure in late August.
Dinophyceae and Bacillariophyceae were the most
dominant and abundant groups among the four stations
during the pre-monsoon and post-monsoon seasons,
respectively.
In the pre-monsoon period, among the species of
Bacillariophyceae group, Nitzschia sigma (53.4%) was the
dominant species followed by Nitzschia pungens (10.1%),
Stauroneis acuta (7.5%), Nitzschia seriata (5.2%), Lioloma
elongatum (4.6%), Diploneis splendid (4.2% ), Navicula
elegans (3.4%) and the other species (6.7 %).Cochlodinium
polykrikoides (84.2%), Prorocentrum belizeanum (4.2%),
and Prorocentrum rocentrum (2.5 %) were the most

509

dominant species in Dinophyceae group. With the changes
in phytoplankton assemblages (density and species
composition) after the monsoon, Nitzschia seriata (53.5%),
Lioloma elongatum (32.3%), Nitzschia closterium (4.7%)
and Navicula membrane (3.9%) were the most abundant
species in Bacillariophyceae group. Among Dinophyceae
species, Cochlodinium polykrikoides was 70.9%, followed
by Prorocentrum gracile (3.7%), Prorocentrum rocentrum
(2.8%), and Ceratium furca (2.2%). Based on
phytoplankton abundance during the study period,
Amphisolenia palmata, Leptocylindrus danicus, Nitzschia
closterium were observed only during the pre-monsoon
period. Heteraulacus polyedricus and Prorocentrum
sigmoides, on the other hand, were detected post monsoon
and were absent in the pre-monsoon period (Table 2). The
differences in the diversity of phytoplankton species in the
four study stations were statistically insignificant (P< 0.05),
with stations I and III having only a difference of three
species, meaning that phytoplankton diversity was almost
the same in all stations. However, there was a significant
difference between the pre- and post-monsoon periods as
far as the four study sites are concerned (P< 0.05).
Dinophyceae and Bacillariophyceae were the dominant
groups among the four stations during the pre-monsoon and
Post-monsoon seasons, respectively. Furthermore, there
were significant differences (p<0.05) in the phytoplankton
abundance among the sampling months in the study
stations. These dramatic differences were apparent in the
high and low phytoplankton abundances observed in May
and late July, respectively.
Hydrographical and environmental parameters
Hydrographical parameters, with their wide temporal
and spatial differences, are considered as significant
features that can influence the growth, abundance, and
diversity of phytoplankton in the marine environment.
Figure 3 demonstrates the variations in surface seawater.
As seen, the surface seawater temperature recorded at four
different coastal stations ranges from 25.2 °C to 34.3°C.
The minimum surface seawater temperature was recorded
during June 2014 at the station I and the maximum was
recorded late May 2014 at site III. The observed salinity
values ranged between 35 ppt (June and July 2014) and 38
ppt (April and August 2014) and there existed a significant
difference between the three seasons. Although, did not
show much variation among the stations (P> 0.05). pH
value was more or less constant during the study period and
ranged from 8.2 (station III during August 2014) to 8.49
(stations I, II, and III during May 2014). The Dissolved
oxygen varied from 3.6 mg/L (Station III, April 2014) to
8.1 mg/L (Station II, June 2014). Nitrate concentration
ranged from 0.5 mg/L to 3.9 mg/L reaching a maximum
value at station IV in August 2014 and minimum
concentration at station II during July 2014. The minimum
silica concentration (0.05 mg/L) was recorded during June
2014 at stations I and II while the maximum amount (0.6
mg/L) was observed at the station I in April 2014 (Figure
4). The inorganic phosphate concentration was maximized
(0.028 mg/L) during June and July 2014 at stations I, II,
and III and the minimum concentration (0.008 mg/L) was
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seen at the station I during August 2014 (Figure 4). The
highest value of silicate was observed during April (0.6
mg/L). Silicate concentrations drop sharply (to values
as low as 0.05-0.1 mg/L) until first of monsoon. After a
slight increase silicate concentration until the end of June,
it remained more or less constant in all the stations until
late August (Figure 4).
The correlation between the hydrographical and
environmental factors (Independent variables) and
phytoplankton density (dependent variable) is shown in
Table 6.5. As can be observed, the coefficient (r) ranges
from -1 to +1, where -1 and +1 indicate perfect negative
and perfect positive relationships and any amount
approximating “zero” shows the decrease in the strength of
relationship(Pallant 2004, Mirzaei and Shau Hwai 2015).
The correlation matrix showed that there was a moderate
positive relationship between the phytoplankton density
and seawater temperature (+0.46) and salinity (+0.43).
Furthermore, a very weak positive relationship was found
between phytoplankton abundance and silicate (+0.38), pH
(+0.21), and nitrate (+0.27). Finally, the results of
correlation matrix indicated that there was a negative
relationship between phytoplankton abundance and
dissolve oxygen (-0.045) and phosphate (-0.59).
Discussion
In this study, the population dynamics of phytoplankton
were compared with the environmental factors. A
substantial increase in phytoplankton species composition
has been observed as compared to the earlier reports from
this locality. Very common phytoplankton species, which
were not recorded earlier from this location, were observed
during the present study.The results indicated that the
monsoon season plays a major role in phytoplankton
density and composition. Species composition varied
considerably during pre-monsoon, monsoon and postmonsoon periods. Seasonally, the Bacillariophyceae
density was found to be highest prior to monsoon, with a
decrease to the minimum value by the end of July
(monsoon period), Verma and Mohanty (1995); Denisov
(2007) and Jagadeeshappa and Kumara (2013) stated that
alkaline pH is one of the important factors regulating the
abundance of diatomic population. Dinophyceae density
was high in the pre-monsoon season, a finding in line with
the results of Saravanakumar et al. (2008). Furthermore, in
agreement withSaraji's (2014) findings, the abundance of
Prorocentrum rocentrum and Prorocentrum belizeanum
was found to be high in the Persian Gulf and Oman Sea
before the monsoon. The present study indicated that bluegreen algae were regularly observed within the premonsoon season; moreover, Cyanophyceae were
considerably less abundant throughout the pre-monsoon
compared to the post-monsoon season, which is in
accordance with Gowda et al. (2001) study at Nethravathi
estuary ,India. Dictyochophyceae were observed before and
after the monsoon, at high temperatures and relatively
alkaline conditions. Dictyochophyceae species, on the other
hand, were identified more during the pre-monsoon period
than the post-monsoon season.

Table 2. Seasonal variation of major phytoplankton (Nos/L)
species recorded at Chabahar Coast (April 2014 -August 2014)
Species

PRM

MON

POM

Alexandrium tamarense
Amphisolenia palmata
Ceratium furca
Ceratium fusus
ceratium longipes
Ceratium tripos
Chaetoceros costatus
Chaetoceros costatus
Chaetoceros decipiens
Chaetoceros mitra
Chaetoceros simplex
Chaetoceros subtilis
Cochlodinium polykrikoides
Coscinodiscus granii
Coscinodiscus lineatus
Dictyocha fibula
Diploneis splendida
Diplopsalis lenticula
Gymnodinium spirale
Gymnodinium trapeziforme
Gyrosigma acuminatum
Heteraulacus polyedricus
Heteraulacus polyedricus
Leptocylindrus danicus
Lioloma elongatum
Navicula elegans
Navicula membrane
Nitzschia closterium
Nitzschia pungens
Nitzschia seriata
Nitzschia sigma
Noctiluca miliaris
Oscillatoria thiebautii
Phormidium abronema
Prorocentrum belizeanum
Prorocentrum gracile
Prorocentrum gracile
Prorocentrum gracile
Prorocentrum lima
Prorocentrum maximum
Prorocentrum maximum
Prorocentrum rocentrum
Prorocentrum rostratum
Prorocentrum rostratum
Prorocentrum sigmoides
Prorocentrum sigmoides
Prorocentrum triestinum
Protoperidinium conicoides
Protoperidinium latissimum
Protoperidinium leonis
Protoperidinium oblongum
Protoperidinium pentagonum
Protoperidinium steinii
Protoperidinium stellatum
Scrippsiella lachrymosa
Scrippsiella precaria
Scrippsiella trochoidea
Stauroneis acuta

3.449
0
6.405
6.076
6.234
11.032
3.598
7.345
2.461
8.546
2.765
1.957
3460.674
9.254
1.686
4.291
9.128
29.897
42.161
4.563
6.797
1.858
48.993
0
9.134
8.429
5.684
0
20.132
10.318
105.504
9.345
7.007
71.743
165.067
6.435
32.431
7.324
9.653
11.324
4.324
103.642
7.254
6.432
3.925
29.666
29.708
44.534
13.65
15.237
18.543
6.342
4.095
4.0385
5.324
4.768
7.203
14.917

2.765
0.123
2.875
4.654
4.835
1.986
1.459
5.936
1.546
2.583
1.485
0.456
23.876
5.234
0
1.657
0
1.986
1.734
1.875
1.546
0.298
1.435
1.456
3.546
0
2.567
0
0
3.456
0
6.567
2.433
4.535
0.456
5.564
11.875
2.987
4.657
2.114
1.768
0.879
4.578
0.345
1.435
0.543
1.768
3.986
1.456
2.546
0.567
2.657
0.357
2.567
0.567
1.342
0.865
0

5.263
9.989
12.663
9.793
14.869
6.776
9.429
21.234
11.876
19.546
8.654
3.854
404.698
9.373
11.893
17.717
0.098
5.831
1.603
7.342
22.561
11.456
0
303.525
639.268
27.076
77.112
93.198
1.246
1058.953
0.301
10.768
3.416
7.713
3.535
9.456
21.553
16.234
10.185
22.657
13.897
16.132
12.765
11.897
17.345
0
4.912
7.097
3.424
5.234
2.574
1.568
6.471
8.9457
3.658
5.239
6.377
41.034

Note: PRM = Pre-monsoon, MON = Monsoon, POM = Postmonsoon
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Figure 3. Variation of environmental parameters recorded during
sampling period in the Chabahar coast from April 2014 to August
2014

Figure 4. Variation of hydrochemical parameters recorded during
sampling period in the Chabahar coast from April 2014 to August
2014
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A possible explanation for the high density of
phytoplankton prior to the monsoon season might be the
prominence of diatoms, the increase in temperature and the
subsequent rise in decomposition rate and evaporation, and
increase the amount of nutrients and availability of food
due to photosynthesis. Another important finding was the
low phytoplankton density during monsoon. It seems
possible that these results are the outcomes of water
stratification due to heavy rainfall, and decrease in
temperature; salinity and pH increased turbidity while low
transparency and strong currents lowered phytoplankton
density. Similarly, Hassan et al. (2010) observed phytoplankton
density to be at its lowest during monsoon (in Euphrates
River, Iraq) and Devika et al. (2006) found high phytoplankton population after monsoon and extrapolated that
this might be owing to the variations in water physicochemical
qualities such as temperature and transparency.
All the environmental parameters had clear seasonal
patterns and no noticeable variation was observed among
the stations. The recorded seawater temperature was
between 25.0ºC and36.2ºC. Higher seawater temperatures
were recorded during May 2010 due to the increase in
sunlight (Balakrishnan et al. 2015) Although surface
seawater temperature (SST) can affect such biological
aspects as reproduction, growth rate, metabolic processes,
and particularly photosynthesis rates, the recorded SST was
in the optimal range for phytoplankton growth in the study
area. Phytoplankton density was high during the pre- and
post-monsoon periods in the north coast of Oman Sea. The
abundance of phytoplankton decreased during monsoon
season when the water temperature was high, confirming
the effect that temperature has on phytoplankton density.
Salinity acts as a reducing variable in the distribution of
plankton communities and influences phytoplankton
diversity in the coastal ecosystem. Phytoplankton
composition was changed by the presence of salinity
stratification during the monsoon period and early postmonsoon season due to low rainfall and rise in the rate of
evaporation. The pH values were more or less constant
during the studied periods. Generally, fluctuations in pH
values during pre-monsoon, monsoon, and post-monsoon
periods can be related to factors such as the elimination of
carbon dioxide by photosynthesis, decrease in salinity and
temperature and the dilution of seawater by monsoon
currents. High pH values are probably the result of
seawater inundation and high phytoplankton density.
The dissolving oxygen level varied between 3.6 mg/L
(Station III, April 2014) and 8.1 mg/L (Station II, June
2014). Dissolving oxygen had a positive relationship with
phytoplankton biomass and acted as the regulator between
photosynthesis and respiration. The increase in DO may be
related to the relatively low SST and salinity during
monsoon and the vertical mixing of water columns because
of turbulent sea currents.
The high silicate values prior to monsoon were due to
the heavy inflow of monsoon inputs. Furthermore,
suspended-sediment concentration in the biological uptake
of silica probably influenced the variation in silica. Results
of the current study showed a direct relationship between
silicate levels and Bacillariophyceae during and after the monsoon.

B I O D I V E R S I T A S 18 (2): 507-513, April 2017

512

Table 3. Correlation coefficient (r) among the physicochemical properties and phytoplanktons of Chabahar Coast from April 2014 to
August 2014

SST
Ph
Salinity
DO
NO3
PO4
SiO4
Phyto-abundance

SST

Ph

Salinity

DO

NO3

PO4

SiO4

Phyto-abundance

1
0.35*
0.82**
-0.36
0.19
-0.73
0.29
0.46*

1
0.10
-0.12
-0.47*
-0.04
0.50
0.21

1
-0.69
0.61**
-0.91
0.48
0.43*

1
-0.38*
0.70**
-0.64**
-0.45*

1
-0.53*
0.22
0.27

1
-0.23
-0.59*

1
0.38*

1

Note: *Correlation is significant at the 0.05 level, **Correlation is significant at the 0.01 level

Silicate values underwent a significant decrease
(P<0.05) in the late pre-monsoon season while remaining
constant during monsoon and increasing in the early stages
of the post-monsoon period. There are two probable
reasons why nitrate levels increased during the postmonsoon season, the first one being the organic
components in the catchment zone during tidal changes; the
second reason is related to the oxidation of ammonia. On
the other hand, nitrates were consumed by phytoplankton
during photosynthetic activity and that can explain why
their values decreased during monsoon.
The nutrient-rich upwelled water is the main reason for
high phosphate values during monsoon. In fact, storm
turbulence and wind shear are the major monsoon-related
factors, launching all phosphor from the muddy bottom.
Phosphate values decreased prior to monsoon while
reaching their minimum during the post-monsoon season, a
fact that can be attributed to the consumption of phosphate
by phytoplankton.
Seasonal variations of phytoplankton population density
are attributable to a wide range of physical-chemical
parameters such as temperature, salinity, nitrate and
phosphate. It is obvious in this research that the north coast
of Oman Sea has high phytoplankton densities during preand post-monsoon seasons; phytoplankton, on the other
hand, are least abundant where there is a monsoon.
With this information, the management authorities can
monitor the species which exhibit a wide variety of
distinguishing
morphological
and
physiological
characteristics that control their distribution, population
dynamics in relation to hydrographic parameters and
seasonal variation. Due to the appearance and increase of
potentially harmful species in the pre-monsoon, monsoon
and post-monsoon, continuously monitoring of this area is
imperative, to estimate the timing of a phytoplankton
bloom, to predict negative effects and any undesirable
change there. Furthermore, experimental investigations are
needed to determine other chemical factors which may
have important contributors for the temporal distributions
of the phytoplankton population density along the coastal
waters of the Sea of Oman.
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Abstract. Annas RA, Muchlisin ZA, Sarong MA. 2017. Short Communication: Coral reefs condition in Aceh Barat, Indonesia.
Biodiversitas 18: 514-519. The objective of the present study was to assess the condition of the coral reef ecosystems in the western
region of Aceh Province. The study was conducted from September to November 2015 in two locations: Johan Pahlawan and Samatiga
Subdistricts, and every location has two sampling sites. The Point Intercept Transect (PIT) method was used in this study. A total of two
transects were used at 4-meter and 8-meter depth, respectively. The measured parameters were the percentage of live and dead coral
covers, the number of genera, growth forms, species diversity, and dominance indices. Live corals were only found in Lhok Bubon,
Samatiga Subdistrict, at 4-meter depth with a coral cover of 17.61%, and no corals were found at 8 meters. In addition, no live corals
were also detected in Suak Indrapuri, Johan Pahlawan Subdistrict, at both 4-and 8-meter depth. There were five genera recorded in Lhok
Bubon: Favites at 3.77% cover, Montastraea at 1.89% cover, and Montipora and Porites with coral covers of 8.18 and 3.14%,
respectively. The diversity and dominance indices of live corals in Lhok Bubon were 1.94 and 0.45, respectively, indicating a low
degree of diversity and predominant of Montipora. It is concluded that coral reefs condition in Aceh Barat was categorized as a severely
damaged condition.
Keywords: Coral cover, Favites, Montastraea , Montipora, Porites

INTRODUCTION
Indonesia has the highest ecological biodiversity in the
world after Brazil (Muchlisin and Siti-Azizah 2009)
including coral reefs. The area of coral reefs in Indonesia is
estimated to be 87,500 square kilometers or 14% of the
overall coral covers worldwide (Aldyza et al. 2015). This
ecosystem can be found throughout Indonesia; this is
because Indonesia has the tropical climate, so it is very
suitable for the life and growth of coral reefs (Supriharyono
2000a; Fadli et al. 2013; Saptarini et al. 2017). A total of
approximately 590 species of coral have been reported in
the waters of Indonesia (Suharsono 2004; Veron 1995;
Veron 2000) and several species are endemic to Indonesian
waters (Rudi et al. 2009).
Aceh Province is one of the areas that have coral reefs.
Rudi et al. (2012a) reported that the coral reefs in the
waters of Aceh are a mix of species from the Indo-Pacific,
the Indian Ocean, and the Andaman Sea. Furthermore,
Rudi et al. (2012a) recorded 133 coral species on Pulau
Weh, three of these were new records for the region, and
five were presumed to be new species. Unfortunately, the
condition of coral reefs in Aceh is threatened by human
perturbations (Baird et al. 2005; Campbell et al. 2007) and
climate change (Guest et al. 2012; Bridge et al. 2014). For
example, coral bleaching during 2010 caused the death of
almost 80% of the corals in the shallow waters of Pulau
Weh (Ulfah 2011; Rudi et al. 2012b; Ilhamsyah et al.
2014), while damaging fishing practices (Campbell et al.

2012) and sedimentation are other threats to coral reefs in
Aceh and Indonesia in general. Fortunately, the latest
assessment on coral covers in the northern region of Aceh
(Weh Island) has been recovered significantly from 24.33%
to 49.38% during 2009 and 2011, respectively (Muliari
2011). This natural process of recovery is potentially
assisted by the development of new marine protected areas
(MPA) on Pulau Weh (Aldyza et al. 2015).
Study on the coral reefs in Aceh waters is still in its
infancy and the previous reports were mostly focused on
the northern region of Aceh especially in Pulau Weh
(Sabang) and Pulau Aceh (Rudi et al. 2009; Rudi et al.
2012a; Rudi et al. 2012b; Ulfa 2011; Muliari 2011; Baird et
al. 2012; Fadli et al. 2014; Aldyza et al. 2015). Meanwhile,
there were very limited reports from other regions of Aceh.
The field observation showed that the coral reefs ecosystem
also occurred in the western region of Aceh, for example,
Banyak Islands, Simeulue Island, and Aceh Barat waters.
However, few scientific reports on coral reef condition
from this region are available (Herdiana et al. 2008).
According to local fishermen of Aceh Barat coral reefs
occur in several parts of Aceh Barat, in particular, Johan
Pahlawan and Samatiga Subdistricts. The most serious
threats to coral reefs in this region are poisoning, cruise
lines of the fishing vessel and ecotourism activities which
are rapidly growing and also sedimentation due to erosion
from the inland. However, to date, the species composition
and condition of coral reefs in Aceh Barat waters are
poorly documented. The information of species
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composition and coral covers are crucial in relation to
planning a better conservation strategy in the future. Hence,
the objective of the present study was to analyze the
condition of coral reefs in Johan Pahlawan and Samatiga
Subdistricts, Aceh Barat District, Aceh Province, Indonesia.
MATERIALS AND METHODS
Time and site
The study was conducted in September 2015 at the
coastal areas of Aceh Barat District, Aceh Province,
Indonesia at two locations: Johan Pahlawan and Samatiga
Subdistricts (Figure 1). An initial survey was conducted
using snorkeling to determine the sampling spots that best
represent the condition of the sampling areas. Based on this
initial survey, the first location was Suak Indrapuri (Johan
Pahlawan Subdistrict) (4°7'38.0634"N, 96°7'20.028"E) and
the second location was in Lhok Bubon Village (Samatiga
Subdistrict) (4°11'17.1996"N, 96°2'0.4992"E). Two depths
were surveyed at 4-meter and 8-meter at each site.
Data collection
The data were collected using a SCUBA. The Point
Intercept Transect (PIT) was used to examine the coral
reefs condition following on English et al. (1997). The roll
meter was stretched parallelly to the coastline along 50
meters with two replications at every sampling depth (4
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meters and 8 meters). Every coral species found along the
roll meter was recorded and calculated for number and
coverage area. The coral species were identified based on
Veron (2002).
Life forms of coral covers
The main water quality parameters, that is, temperature,
salinity, visibility, and pH, were measured in situ.
Meanwhile, the life forms of coral and dead coral were
calculated based on English et al. (1997) as follows:

Ci =

ni
x 100
L

Where Ci (%) is life forms of coral covers, ni is the total
length of bottom subtracting (cm), and L is the length of the
transect (cm). Meanwhile, the category of coral reefs
condition was based on Kepmen LH Republic of Indonesia
No. 4, Year 2001 (Table 1).
Table 1. The category of life forms of coral covers (Kepmen LH
Republic of Indonesia, No. 4, Year 2001)
Category
Severely damage
Moderately damage
Good
Very good

Life forms of coral covers (%)
0-24.9
25.0-49.9
50.0-74.9
75.0-100

Figure 1. The map of coastal areas of Aceh Barat District, Aceh Province, Indonesia showed the sampling locations and sampling spots
(red circle)
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Shannon-Wiener diversity index (H')
The diversity index expresses the species richness in a
community and shows the balance in individual proportion
of every species (Muchlisin and Siti-Azizah 2009). This
value will increase as total species increased and total
individuals of every species were proportional or even
(Kreb 1989). According to Odum (1971) the diversity
index is classified into three categories, that is, low (H<2),
moderate (2<H<4), and high (H>4). Shannon-Wiener
diversity index was calculated using the formula:

Where C is an index of species dominance, Pi is the
proportion of individuals found in species, i=l is species,
and S is the number of total coral species.
The dominance index ranges between 0 and 1. If the
values tend towards 0 (lower), it indicates that no dominant
species occurred, whereas when the values tend towards 1,
it indicates that a predominant species is present (Muchlisin
et al. 2015).
RESULTS AND DISCUSSION

H’ = Σ (Pi x Log (Pi) )
Where Pi = Ni/N (Ni is a total number of individuals in
a species i and N is a total number of individuals for all
species).
Simpson's dominance index
Simpson’s diversity index is a measure of diversity
which takes into account the number of species and the
relative abundance of each species. Simpson’s dominance
index was calculated based on Krebs (1989) as follows:

A

Live coral was only found in Lhok Bubon site at 4meter depth with a mean cover of 17.61±2.86%, and no
live coral was recorded in 8-meter depth. In addition, there
were no live corals detected in Suak Indrapuri (Johan
Pahlawan Subdistrict) at either 4-meter or 8-meter depth
(Table 2). The direct observation in Suak Indrapuri showed
that many types of rubble were observed at 4-and 8-meter
depth and no live corals were observed (100% dead corals).
The coral identification from Lhok Bubon site showed five
genera of corals were recorded at 4-meter depth, namely,
Montipora (8.18±7.50%), Favites (3.77±3.46%), Porites
(3.14±2.88%), Montastraea (1.89±1.73%), and Acropora
(0.63±0.57%) (Table 3). Based on the life forms,
Montipora had a foliose coral form; Acropora is the
branching corals, while Favites, Porites, and Montastraea
are the massive corals (Figure 2).

B

D
Figure 2. Coral reef species found in the location of study. A. Acropora , B. Montipora, C. Montastraea, D. Porites, E. Favites

C

E
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Table 2. Percentage of lif coral covers and death coral based on sampling sites in Aceh Barat District, Aceh Province, Indonesia
Sampling site
Lhok Bubon, Samatiga
Suak Indrapuri, Johan Pahlawan

Depth
(m)
4
8
4
8

Life corals
17.61±2.86
0
0
0

Coverage (%)
Death coral
82.38±28.74
100
100
100

Category
Severely damage
Severely damage
Severely damage
Severely damage

Table 3. The life and death forms corals and its coverage at 4 meters depth in Lhok Bubon Village, Samatiga subdistrict, Aceh Barat
District, Aceh Province, Indonesia
Coverage
Coverage
Death corals
Meter
%
Meter
%
Acropora
BC
1
0.63±0.57
DCA
101
63.52±38.3
Favites
MC
6
3.77±3.46
DC
16
10.06±9.23
Montastraea
MC
3
1.89±1.73
RK
8
5.03±4.61
Montipora
FC
13
8.18±7.50
SD
6
3.77±3.46
Porites
MC
5
3.14±2.88
Jumlah
28
17.61
131
82.38
Note: BC = Branching, MC = Coral massive, FC = Folliose, DCA = Dead coral algae, DC = Dead coral, RK= Rock, SD= Sand
Life corals

Growth forms

Table 4. The Shannon-Wiener diversity index and Simpsons
dominance index of corals in Lhok Bubon Village, Samatiga Subdistrict, Aceh Barat District, Aceh Province, Indonesia
Location
Lhok Bubon, Samatiga
Suak Indrapuri, Johan
Pahlawan

Shannon-Wiener
diversity index
(H’)
1.94
-

Simpson
dominance
index (D)
0.43
-

Table 5. The average values of physical and chemical of water
parameters in the study sites in Aceh Barat District, Aceh
Province, Indonesia
Location
Lhok Bubon,
Samatiga
Suak Indrapuri,
Johan Pahlawan

Depth
(m)
4
8
4
8

Temp.
(°C)
31
30
31
32

Parameter
Salinity Turbidity
(‰)
(m)
32
1.3
36
1.0
35
1.0
34
1.0

pH
7.5
7.8
6.5
6.5

We found that many dead corals have been covered
with algae or commonly known as death coral algae (DCA)
in the Suak Indrapuri (DCA, 63.52±38.31%). The diversity
and dominance indices of coral in Lhok Bubon were 1.94
and 0.43, respectively (Table 4). These values indicate low
diversity and the presence of one predominant species of
Montipora sp. In addition, based on in situ measurement
the water temperature ranged from 30°C to 32°C, salinity
ranged from 32‰ to 35‰, visibility ranged from 1.0 m to
1.3 m, and pH ranged from 6.5 to 7.8 (Table 5). The study
revealed that the live corals were only in Lhok Bubon at 4-

meter depth, while no live corals were found at 8-meter
depth. However, the condition of the coral in Lhok Bubon
was bad (severe damage). Indeed, no live corals were
recorded in Suak Indrapuri at both 4-and 8-meter depth.
The absence of live corals in Suak Indrapuri was probably
associated with unsuitable environmental conditions for
coral growing, for example, high sedimentation caused by
the activity of the mainland and poisoning practices.
Aceh Barat District had two main rivers one of which is
the Meureubo River which empties into the sea in Suak
Indrapuri Village, Johan Pahlawan. The watershed of this
river has been intensively eroded and characterized by
higher turbidity and frequently flooding during rainy
season causes salinity drop at the rainy season and
increases sedimentation in the coastal areas, and this might
explain why no live corals were found at this area
nowaday. However, the dead coral fragments are found in
this area probably of live coral before 2014; therefore, it
was presumed that the live corals found in this area were
from previous decade before the tsunami in December
2004; it is in accordance with the information from the
local fishermen that there were the coral reefs that occurred
before tsunami, but after the tsunami the coral reefs have
been destroyed.
The coral reefs of Lhok Bubon are of a fringing reefs
type, but they lived far away from coastline reaching 300 m
from the inland; it may be that the area closer to the inland
is unsuitable for their growing; for example, the presence
of residential areas and the fishing boat moorings resulted
in water pollution. According to White (1987), fringing
reefs are the most common corals found in Indonesia.
These corals grow well along the shoreline with moderate
waves, so the reef serves as a breakwater (Ikawati 2001).
As mention above that, the live corals were not found at
8-meter depth in both Lhok Bubon and Suak Indrapuri
sites, this is because the water visibility is low. This
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condition is blocking sunlight entering into the waters and
it only reached 1.0-1.2-meter depth, but the live corals are
still found at 4 meters; this is because probably little
sunlight is still available at this depth. According to
Supriharyono (2000b) the corals will be buried and dead
when the sedimentation was too higher. In addition,
Stafford-Smith (1993) stated branched corals intolerant of
sedimentation; they will die when the sedimentation rate is
higher than 25 mg/cm2 day-1.
The study shows the coral reefs in Lhok Bubon
dominated by Montipora. The similar results have been
reported from other parts of Indonesia, for example, in the
Andaman Sea (Brown 2007), Pulau Weh (Baird et al.
2012), and the waters of northern part Aceh (Rudi et al.
2012a). Montipora had foliose growth form and they have
the ability to grow in waters with high turbidity,
sedimentation, and waves (Supriharyono 2000a), and
therefore this genus dominated the coral community in
Lhok Bubon, Aceh Barat District.
Almost dead corals were infected by dead coral algae in
all sampling sites. The presence of these algae in higher
density is an indication of eutrophication. This condition is
caused by higher loading of organic materials from the
inland, for example, from residential areas. Besides the
absence or rarity of herbivorous fishes such as Hipposcarus
spp. and Scarus spp. is another cause of overgrowth of
dead coral algae (Ndruru 2009). The direct observation
shows that very low abundance of herbivorous fishes was
observed during the study.
The main water quality shows that the temperature and
visibility passed the optimum limit for corals. According to
Nybakken (1997), the corals are growing well in water
temperature ranged from 30 °C to 32 °C. Furthermore,
Dahuri (2003) cited in Ramadhani (2015) stated that the
corals require the salinity ranged between 30 and 35‰.
This case is almost similar to Supriharyono (2000b) who
states that the salinity required ranged from 32‰ to 36‰.
Therefore, the salinity in the study area is still in the
optimum limit for corals growing.
Based on the study there are two main problems that
caused the corals decreasing especially in Suak Indrapuri
and Lhok Bubon and Aceh Barat District generally. The
problems are high sedimentation and pollution. The
sedimentation is caused by erosion of watershed or water
catchment area due to deforestation (logging), while the
pollution comes from domestic and tourism activities.
Therefore, the management of coastal area should be done
comprehensively between fisheries and forestry sectors and
involves all stakeholders. To conclude, the live corals were
found in Lhok Bubon with a coverage area of 17.61%
indicating a bad condition or severe damage and no live
corals were found in other sampling sites. These corals
belong to five genera, that is, Acropora, Favites,
Montastraea, Montipora, and Porites where Montipora is
predominant.
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Abstract. Katili AS, Utina R, Mopangga NL. 2017. Short Communication: Crab species distribution under mangrove stands in
Tabongo, Gorontalo Province, Indonesia. Biodiversitas 18: 520-524. The aim of the study was to determine the distribution pattern of
crabs under mangrove stands in the Tabongo Village, Dulupi Sub-district, Boalemo District, Gorontalo Province, Indonesia. The survey
method was used for the study and data retrieved by using line transect techniques. The distribution pattern was calculated by using an
index with the formula Morisita distribution patterns. The environmental factors such as temperature, salinity, and pH were measured at
each stand of mangroves. The results showed that the distribution pattern of crabs in stands of Rhizophora mucronata with a value of
distribution index highest for Uca triangularis (Id = 1.4) followed by Scylla olivacea (Id = 1.24), Uca annulipes (Id = 1.2) and Uca
dussumieri (Id = 1.12). Uca vocans (Id = 1.08) showed the lowest value of distribution index. In Ceriops tagal stand, Uca
triangularis’s value of distribution index was highest (Id = 1.24) followed by Uca dussumieri (id = 1.15), Scylla olivacea (Id = 1.08) and
Uca annulipes (Id = 1.06). The lowest value was noted in Uca vocans (Id = 1,04). In stands of Rhizophora stylosa value of distribution
index was highest for Uca dussumieri (Id = 1.16) followed by Scylla olivacea (Id = 1.12) and Uca triangularis (Id = 1,12). The lowest
value of distribution index was noted in Uca vocans and Uca annulipes (Id = 1.08). In stands of Sonneratia alba, the value of
distribution index was highest for species Uca triangularis (Id = 1.2), Uca vocans (Id = 1,12) and Uca dussumieri (Id = 1.12). The
lowest was noted in Scylla olivacea (Id = 1.08). Besides, the value of distribution index showed that the pattern of distribution in the
study area was clumped.
Keywords: Crab species, distribution patterns, stands of mangrove

INTRODUCTION
The mangrove ecosystem is one of the ecosystems that
have higher productivity than other ecosystems to the
decomposition of organic matter and making it an
ecological chain that is essential for living creatures that
are in the surrounding waters. The mangrove ecosystem is
an important area for the mangrove fauna because it has a
variety of functions both ecological and socio-economic.
Ecologically, mangrove forests collect sediment tidal
currents of the land through watershed. In addition, to
provide biological diversity (biodiversity) as well as
mangrove ecosystem germplasm (genetic pool), mangroves
support the whole system of life in the vicinity. Mangrove
ecosystem function as a spawning ground, nursery ground
and as a foraging area (feeding ground) for a wide variety
of organisms that live in the mangrove. While the entire
biota that lives in mangrove ecosystems have an important
role in maintaining the ecological balance.
There are a number of key species (keystone species)
which plays a very important role such as crabs. According
Prianto (2007) that the crab is the kind of animals that live
macrobenthos associated with mangrove. Furthermore,
Jones (1984) suggested that animals crab a class of

crustaceans that play an important role in mangrove areas.
Crabs were found more abundant in mangroves than in
areas of coral or the sandy beach and shows the existence
of zoning for distributing both vertical and horizontal.
Vertical zoning is mangrove and horizontal zoning passing
through the forest floor.
Crabs have an ecological role in mangrove ecosystems
of which convert nutrients and enhances mineralization,
improving the distribution of oxygen in the soil, helps the
recycling of carbon, as well as a provider of natural food
for many species of aquatic biota. Research conducted by
Pratiwi (2007) found the species of crab Uca spp. which
has a distribution that is equal in each location, although
there are a few dominant species in number. The pattern of
the spread of the Uca spp. tend to cluster. The highest
density is obtained on the type of Uca (Deltuca) dussumieri
as many as 912 individuals/m2 and 656 individuals/m2 (in
Muara Bayor and Muara Beji of Mahakam Delta, East
Kalimantan) and the lowest density is Uca (Australuca)
bellator as many as 11 individuals/m2 and Uca (Delcuta)
arcuata as many as 12 individuals/m2 in Muara Bayor.
Kathiresan and Bingham (2001) suggested that mangrove
crabs show a clear pattern of distribution associated with
the characteristics of the substrate, salinity, tidal inundation
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levels and waves.
The aim of the study was to determine the distribution
pattern of crabs under mangrove stands in the Tabongo
Village, Dulupi Sub-district, Boalemo District, Gorontalo
Province, Indonesia.

MATERIALS AND METHODS
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enumerated along line transect laid from land to seaward
edge of the mangrove forest, perpendicular to the shoreline.
Line transects were approximately 150 m long depending
on location, five transects per location. Along each transect
plot measuring 20 x 20 m2 were demarcated every10 m and
alternately to the left and right of the transect. Line transect
is placed perpendicular to the shoreline towards the land
(Figure 2).

Study area
This study was conducted in the mangrove region of
Tabongo Village, Sub-district of Dulupi, District of
Boalemo, Gorontalo Province, Indonesia (Figure 1). The
area of study divided into four mangrove stands. Based on
observations there were four species as the mangrove
stands, namely Rhizophora mucronata, Rhizophora
stylosa, Ceriops tagal, and Sonneratia alba.
Procedures
Determination of location study based on mangrove
stands. As for sampling at each mangrove stand, crabs were
Figure 2. The laying of line transects in the study area.

Figure 1. Study site of mangrove stands in Tabongo Village, Dulupi Sub-district, Boalemo District, Gorontalo Province, Indonesia.
Stand 1 (00o30'21 "N, 122°27'70" E), stand 2 (00o30'23 "N, 122°28'00" E), stand 3 (00°30'22 "N , 122°28'10 "E), stand 4 (00°30'26 "N,
122°28'15" E)
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Data collection was performed by counting the number
of crab holes contained in each plot. It is known that any
holes that become crab nest inhabited by the crabs
indicated the number of crabs contained in a single plot
(Kathiresan et al. 2016). A collection of crab done at low
tide so as to facilitate its acquisition. Sampling was done
bycatch the crabs on each mangrove stands that are above
and below the substrate. Sampling crab on the surface of
the substrate and in the hole is taken by chase all the crabs.
The crab samples were then put into a container and
preserved with 70% alcohol. Identification of the Crab
sample done by using the key for Family Ocypodidae
(Crane 1975). Measurements of environmental variables
such as substrate temperature, pH, and salinity were
measured in each plot when was this study undertaken.

Calculating the standard Morisita index:

𝐼 𝑝 = 0.5 + 0.5

𝑖𝑑 − 𝑀𝑐
𝑛 − 𝑀𝑐

Morisita standard index of distribution ranges from -1.0
to 1.0 with 95% confidence limits at 0.5 and - 0.5. Random
pattern if Ip = 0, clumped patterns Ip > 0, uniform pattern Ip
<0.

RESULTS AND DISCUSSION
The crab species diversity

Data analysis
Data were analyzed by descriptive quantitative. To
determine the pattern of distribution were used index
analysis Morisita with the formula (Krebs 1989):

𝐼𝑑 = 𝑛(

∑ 𝑥2 − ∑ 𝑥
2

(∑ 𝑥) − ∑ 𝑥

)

Where:
𝐼𝑑 = Morisita’s index of dispersion
𝑛 = Sample size
∑ 𝑥 = Sum of the quadrate counts = 𝑥1 + 𝑥2 + 𝑥3 + …
∑ 𝑥 2 =Sum of quadrate counts squared = 𝑥12 + 𝑥22 +
2
𝑥3 + …
Criteria for distribution patterns, as follows:
Id <1: uniform pattern
Id = 1: random pattern
Id> 1 : groups pattern

To examine further whether the distribution of random
or not it should be tested by calculating two important
points to the index Morisita with the formula:

𝑈𝑛𝑖𝑓𝑜𝑟𝑚 𝐼𝑛𝑑𝑒𝑘𝑠 = 𝑀𝑢 =

𝑥 2 . 975 − 𝑛 + ∑ 𝑥
(∑ 𝑥) − 1

Where, x = chi-square value of the table with n - 1 of
the freedom that has 97.5% of the area to the right, 𝑥 = the
number of organisms in the squares, n = number of plots
𝑥 2 . 025 − 𝑛 + ∑ 𝑥
𝐶𝑙𝑢𝑚𝑝𝑒𝑑 𝑖𝑛𝑑𝑒𝑘𝑠 = 𝑀𝑐 =
(∑ 𝑥) − 1
Where, x 2.025 = chi-square value of the table with n - 1
of the freedom that has 97.5% of the area to the right.

Uca annulipes
The crabs have a morphological characteristic, namely,
shell speckled white and black, orange-white claws, feet
are black with a pattern of white striped. Forms contain
solid claws, jagged and there are two stands out and
tapered (Figure 3.A).
Uca dussumieri
The crabs have a morphological characteristic, namely,
black carapace with blue spots along. Claws color on the
top and bottom of the little red and white tapered section,
the small claws are black, jagged edges of claw shape
resembling a saw, a body length of 3 cm for male, and
female 3 cm. The male body width of 5 cm, and female 5
cm (Figure 3.B).
Uca triangularis
Uca triangularis have a carapace color that dominates
the white-mottled pattern cream with black spots and black
on the bottom. Uca triangularis foot in black with a pattern
of white stripes. Cream-colored claws with a mottled
pattern of black-spots and a plain white color at the edges,
tiny claws are black with mottled pattern-spots, jagged like
a saw and there are 2 pieces that stand out, and the tip is
shaped like a hook (Figure 3.C).
Uca vocans
Uca vocans has a characteristic morphology that is the
color of the carapace is dark brown, off-white on the belly.
The form of claws that are not too long, flat, pointed and at
the end of pick the gears and there are two pieces that stand
out. Claws color white at the top while the bottom is
orange. Small claws brown slightly orange (Figure 3.D).
Scylla olivacea
The crabs have a characteristic morphology that is
blackish brown carapace, from left-right of her mouth, each
has a row of spines that totaled nine pieces, claws brown,
serrated and tapered (Figure 3.E).
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Figure 3. A. Uca annulipes, B. Uca dussumieri, C. Uca triangularis, D. Uca vocans, E. Scylla olivacea

Distribution of crabs within mangrove stands
Based on calculations using Morisita index showed that
the distribution of crabs on the stands fourth in the study
area has a clustered pattern. Where index distribution at
stands of Rhizophora mucronata the highest found species
of crab Uca triangularis with Id = 1.4 and the value Ip =
0.125, while the index was lowest for the distribution of
species of crab Uca vocans with Id = 1.08 and the value Ip
= 0.014. The value of distribution index at the stand of
Ceriops tagal the highest were Uca triangularis with Id =
1.24 and the value of Morisita distribution index Ip = 0:07
and the lowest value of distribution index were Uca vocans
with Id = 1:04 and value Ip = 0.003. On the stand of
Rhizophora stylosa distribution index value is highest on
the Uca dussumieri with Id = 1.16 and the index value was
lowest for the distribution of Uca vocans and Uca
annulipes with Id = 1.08 and the value Ip = Ip = 1:14 and
0:02. Then, in the stand of Sonneratia alba value of
distribution index is highest on the Uca triangularis with Id
= 1.2 and the value Ip = 0.05 and the value of distribution
index was lowest for the Scylla olivacea with Id = 1.08 and
the value Ip = 0.014.
Discussion
The existence of the facts found in this study that the
shape of the distribution of the crabs in all stands of
mangrove is clustered. According Gillikin and Verheyden
(2005) that the crab has clumped due to the nature of its
prey (feeding habit) the same form of benthic algae or
detritus mangrove leaves or other small animals. Clumped
distribution pattern is the pattern of the organism or
organisms in a habitat that lives in groups in a certain
amount.

The typical distribution pattern occurs in each species
and habitat types. Sari (2004) suggests that the distribution
of species in a community reflects the wealth of
information on a species. While according to Odum (1971)
clumped patterns occur as a result of their different
responses to habitat locally. On the other hand,
Werdiningsih (2005) research on community structure of
crab in the habitat mangrove Tanjung Pasir, Tangerang,
Banten, Indonesia argued, that the distribution patterns
grouped by level of grouping assortment is a form of the
spread of the most common for individuals in the
population tend to form groups in various sizes.
To test whether the result is clustered, random and
uniform then further testing should be performed
(Soegianto 1994). At the time of data processing
researchers who conducted a further test with Morisita
index. Based on the calculation, that the pattern of
distribution of the crab in the study area is real to have
clustered patterns. These facts reinforce the statement that
the distribution pattern that often occurs in nature are
clustered distribution patterns. This is in line with that
proposed by Odum (1971), that individuals who are in the
population have spread in their habitat to follow one of the
three distribution pattern called internal distribution
pattern.
Three internal distribution pattern include a random
distribution pattern, the uniform distribution and clustered
distribution/grouping (clumped). Further Odum (1971)
suggests that the distribution of the population is clustered
in a common distribution occurs in nature, both animals
and plants. Distribution clustered occur for various of
season including soil and climatic conditions of an area, it
will make a difference in habitat that is essential for every
organism. The organisms will be present in an area that
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provided ecological factors and in accordance with his life.
Based on this fact, the clustered pattern also applies to the
species of crabs that live in the other mangrove area. In
addition, also found that, although living under different
mangrove stands, but the distribution pattern of crabs in the
study area belong to the clustered distribution patterns.
Thus the facts and theories that have been mentioned
above, can generally that the clustered distribution patterns
of crabs also apply to the mangrove areas in the region
apart from the area, the distribution pattern of the crab is
clustered.
In conclusion, crab distribution patterns under the four
stands of mangrove namely Rhizophora mucronata,
Ceriops tagal, Rhizophora stylosa, Sonneratia alba has a
clustered distribution patterns. This can be evidenced by
the calculation of the distribution (Id) obtained, that each
species of crab on each stand of mangroves have value Id >
1 and the distribution standard of index Morisita have Ip
above 0 which is distribution is clustered.
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Abstract. Handayani F, Rahayu SP. 2017. Assessment of genetic diversity in Lai (Durio kutejensis) local cultivars of Batuah
(Indonesia) using ISSR marker. Biodiversitas 18: 525-529. Lai is an indigenous germplasm of Kalimantan which has potency to be
developed as superior tropical fruit. Lai has attractive flesh color from yellow to reddish orange which represents the high content of
carotene with smooth aroma or odorless fruit, and fruit storage period which longer than durian. Unfortunately, nowadays there is
limited scientific information about its genetic diversity as important basic information for genetic conservation and breeding program.
Batuah village in Kutai Kartanegara District is one of the center of origin and center of diversity of Lai in East Kalimantan, Indonesia
which has many local cultivars with superior traits. The aim of this research was to study the genetic diversity of eight Lai local cultivars
of Batuah village using molecular marker of ISSR. The total genomic DNA of eight Lai cultivars was isolated and was then used as
template in the PCR amplification reaction using 10 ISSR primers. The result shows that similarity coefficient of eight Lai cultivars
ranged between 0,34 and 0,58. Seven cultivars were grouped in the same cluster with 0,44 of similarity coefficient, while Lai Durian
was separated in 0,34 of similarity coefficient. Genetically, the most similar existing cultivars are Lai Kuning and Lai Belimbing with
the similarity coefficient of 0,58.
Keywords: Genetic diversity, ISSR, Lai.
Abbreviations: CTAB: Cetyl Trimethyl Ammonium Bromide, ISSR: Inter Simple Sequence Repeat, NTSYS: Numerical Taxonomy
and Multivariate Analysis System, PCR: Polymerase Chain Reaction, SAHN: Sequential, Agglomerative, Hierarchical and Nested,
SCAR: Sequence Characterized Amplified Region, SIMQUAL: Similarity for Qualitative Data, UPGMA: Unweight Pair-group Method
Arithmetic Average

INTRODUCTION
Kalimantan island is the center of origin or center of
diversity of Durio family. Up to now, 22 Durio species
have been found on this island (Priyanti et al. 2016),
including Lai (Durio kutejensis (Hassk.) Becc.). Lai is an
indigenous durio germplasm of Kalimantan which has
unique characters. The fruit of Lai is odorless or has a
smooth aroma, covered by blunt spines, and has attractive
flesh color from yellow to reddish orange (Antarlina 2009;
Santoso 2010) that represents the high content of carotene
and vitamin A (Antarlina 2009). Lai has longer fruit
storage period (Antarlina 2009; Santoso 2010) compared to
its close relative durian (Durio zibethinus) (Hariyati et al.
2013) within which it becomes one of the prospective fruits
for export purposes.
Batuah Village (Loa Janan Sub-district, Kutai
Kartanegara District), located in Tahura Bukit Soeharto
area, is one of the center of origin or center of diversity of
Lai in East Kalimantan Province, Indonesia. In Batuah
village, Lai becomes one of the local MPTS (multi-purpose
tree species) which was generally developed in
agroforestry system. Recently, three Lai local varieties of

Batuah have been released as national superior varieties,
i.e. Lai Batuah, Lai Kutai, and Lai Mahakam. Interestingly,
there are still many Lai local cultivars of Batuah with
superior characters that have been cultivated by farmers in
the village i.e; Lai Bara, Lai Besar, Lai Gincu, Lai Merah,
Lai Kuning, Lai Belimbing, Lai Apel and Lai Durian.
Those cultivars were found in genetic exploration held in
2004/2005. The genetic exploration was continued by fruit
contest which resulted in Lai Kutai and Lai Mahakam
became the winners and then released as national superior
varieties in 2007 and 2009. Genetic variability of Lai
population in Batuah village was categorized as high
genetic diversity (Handayani 2016). Genetic variability has
an important role in genetic conservation and breeding
program (Montilla-Bascon et al. 2013; Jena et al. 2014;
Pereira et al. 2015). Unfortunately, there is limited
scientific information about the genetic diversity of Lai in
both morphology and molecular characters.
ISSR is one of the most popular DNA-based techniques
that are extensively applied in the determination of species
among populations (Poyraz 2016). ISSR markers provided
basic genetic knowledge among durian cultivars, and the
detailed group of cultivars slightly differed from RAPD
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markers and the taxonomic characters (Vanijajiva 2012).
Furthermore, It does not require the knowledge of the
whole DNA sequence for designing DNA primers because
it amplifies the specific region of two microsatellite motifs
(Cui et al. 2016). ISSR have been used to investigate many
plants such as sorghum (Basahi 2015), Magnolia
wufengensis (Chen et al. 2014), genus of Cymbopogon
(Baruah et al. 2017), Rhododendron trifolium (Xu et al.
2017), genus of Lilium (Zhao et al. 2014), Andrographis
paniculata (Tiwari et al. 2016), and Aethionema (Sunar et
al. 2016). Therefore, the objective of this study was to
characterize and identify Lai germplasm of Batuah using
ISSR markers.
MATERIALS AND METHODS
The research was conducted at Plant Breeding and
Genetic Laboratory, Faculty of Agriculture, Universitas
Gadjah Mada, Yogyakarta, Indonesia from May-July 2015.
The genetic materials were eight Lai local cultivars of
Batuah village, in Loa Janan Sub-district, Kutai
Kartanegara District, East Kalimantan, Indonesia (Table 1).
DNA was extracted from fresh mature leaves using
modified CTAB method (Handayani et al. 2016), then
amplified using 10 ISSR primers (Table 2) obtained from
Vanijajiva (2012) and Syahruddin (2012). Each 10 µL
reaction volume of DNA amplification contained 5 µL of
PCR reaction mix (Promega master mix go tag green), 2.25
µL of nuclease-free water, 0.25 µL of ISSR primer, and 2.5
µL of DNA template. Thermocycler (Boeco) was
programmed for an initial melting step at 94˚C for 4 min,
followed by 45 cycles each consisting of a denaturation
step for 1 min at 94˚C, an annealing step for 1 min at 38,952,9˚C, and an extension step for 1 min 30 sec at 72˚C.
Amplification was terminated by a final extension of 7 min
at 72˚C. The ISSR products were separated by agarose gel
(1,5%) electrophoresis in 1x TBE buffer for 1,5 hours at 75
Volt. The result was checked by UV transilluminator light
and documented by digital camera. The bands observed
from photograph were manually scored as 1 for presence
and 0 for absence and then compiled in a binary matrix for
statistical analysis using NTSYS 2.02. Similarity index
among genotypes was calculated using SIMQUAL, while
the UPGMA cluster analysis was formed using SAHN
method.
RESULTS AND DISCUSSION
Polymorphism of ISSR primers and specific bands
amplified
The DNA amplification of eight Lai cultivars using 10
ISSR primers resulted of 92 DNA loci (335 DNA bands in
total). The number of DNA loci amplified by each primer
was ranging from 6 to 14 loci, and the band size was in the
range between 250-2500 bp (Table 3). The maximum
number of amplified DNA loci (14 loci) was obtained
using ISSR 2 primer, while the minimum number was
observed in ISSR 1 and ISSR 8 (6 loci). The capability of

primer to identify its homolog sequences on DNA template
will influence the number of annealing site, which it further
affected the number of amplified DNA loci (Rahayu and
Handayani 2010).
The effectiveness of a primer is determined by the
number of amplified polymorphic loci. In this study, the
number of polymorphic loci successfully amplified by 10
ISSR primers was 84 loci from the total of 92 loci (91,3%).
ISSR 6 and ISSR 7 primers produced 7 DNA loci with
100% polymorphic bands. Examples of the ISSR
polymorphism produced by ISSR 2 and ISSR 7 were
shown in Figure 1 and Figure 2.
Table 1. Eight Lai local cultivars of Batuah and their specific
characters
Cultivars

Specific characters

Lai Mahakam
Lai Bara
Lai Besar
Lai Merah
Lai Kuning
Lai Belimbing

Thick reddish orange flesh
Flesh color looks like embers
Big size fruit
Reddish orange flesh
Yellow flesh
Fruit locules form bulges so the shape of the
fruit looks like starfruit
Fruit shape looks like apple
Shape and color of mature fruit look like
durian

Lai Apel
lai Durian

Tabel 2. ISSR primers used in DNA amplification
Primers

Sequences

ISSR 1
ISSR 2
ISSR 3
ISSR 4
ISSR 5
ISSR 6
ISSR 7
ISSR 8
ISSR 9
ISSR 10

5’-AGAAGAAGAAGAAGT-3’
5’-AGAGAGAGAGAGAGAGT-3’
5’-GAGAGAGAGAGAGAGAGAT-3’
5’-ACACACACACACACACTT-3’
5’-GTGTGTGTGTGTGTGTGTT-3’
5’-AGAGAGAGAGAGAGAGTA-3’
5’-AGAGAGAGAGAGAGAGAA-3’
5’-GAGAGAGAGAGAGAGAGAA-3’
5’-GAGAGAGAGAGAGAGAGAC-3’
5’-GTGTGTGTGTGTGTGTGTA-3’

Table 3. Number of amplified loci, band size, and polymorphism
of 10 ISSR primers
Number of
Band size
Primers amplified
(bp)
loci
ISSR 1
ISSR 2
ISSR 3
ISSR 4
ISSR 5
ISSR 6
ISSR 7
ISSR 8
ISSR 9
ISSR 10

6
14
12
13
10
7
7
6
8
9
∑=92

500-1500
300-1800
250-1800
350-1700
600-2000
500-1300
550-1300
600-1300
550-1800
800-2500

Percentage of
Number of
polymorphic
polymorphic
loci
loci
(%)
5
83,33
13
92,86
10
83,33
12
92,31
9
90,00
7
100,00
7
100,00
5
83,33
7
87,50
9
100,00
∑=84
91,30
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Figure 1. DNA bands produced by ISSR 2. (1) Lai Mahakam, (2)
Lai Bara, (3) Lai Besar, (4) Lai Merah, (5) Lai Kuning, (6) Lai
Belimbing, (7) Lai Apel, (8) Lai Durian.

Figure 2. DNA bands produced by ISSR 7. (1) Lai Mahakam, (2)
Lai Bara, (3) Lai Besar, (4) Lai Merah, (5) Lai Kuning, (6) Lai
Belimbing, (7) Lai Apel, (8) Lai Durian
Table 4. Specific bands amplified by 10 ISSR primers
Primers
ISSR 1
ISSR 2

ISSR 3

ISSR 4
ISSR 5

ISSR 6
ISSR 7
ISSR 9

ISSR 10

Specific bands
Band size (bp)
Varieties
650
Bara
800
Apel
600
Kuning
800
Belimbing
1100
Merah
1700
Besar
1800
Merah
300
Merah
650
Durian
700
Merah
1100
Bara
650
Merah
900
Belimbing
1100
Bara
1500
Belimbing
1700
Mahakam
550
Besar
600
Besar
550
Merah
550
Kuning
900
Durian
1000
Bara
1800
Belimbing
800
Durian
1100
Durian
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Table 4 presents specific bands of eight Lai cultivars
amplified by 10 ISSR primers. The specific band is a band
which only produced in the specific genotype so that the
band could become the differentiator among other
genotypes. 25 specific bands were formed by 10 ISSR
primers consisted of different number of bands as follows;
four bands in Lai Bara, one band in Lai Apel, two bands in
Lai Kuning, four bands in Lai Belimbing, six bands in Lai
Merah, three bands in Lai Besar, four bands in Lai Durian,
and one band in Lai Mahakam. According to Cui et al
(2016), specific bands can be used to develop the SCAR
marker for a molecular identity of different varieties or
lines in a further study.
ISSR is a general primer with random annealing site on
each homolog sequence of DNA template. Expression of
DNA sequences amplified by an ISSR primer was not
directly related to genes controlling morphological traits
(Handayani 2016). However, if the ISSR primer anneals at
exon (protein-coding region, part of DNA which translated
into protein), there is a possibility for amplifying DNA
sequence which may be a gene or part of a gene controlling
certain morphological trait. Therefore, the specific bands
formed in this study (Table 4) might express specific
morphological traits of a cultivar although the further study
about the correlation between specific bands and specific
morphological traits of the cultivars needs to be done.
Genetic diversity among cultivars
UPGMA method was used to construct a dendrogram
based on genetic diversity among eight Lai local cultivars
of Batuah (Figure 3). The similarity coefficient of eight Lai
cultivars ranged between 0.34 and 0.58. It means that the
genetic diversity of those cultivars was in the range
between 42% and 66%. Genetic diversity of a species
within a population is the consequence of its sexual
reproduction (Hu et al. 2014; Pereira et al. 2015). Genetic
diversity of Lai was considered in high diversity because
Lai is a cross pollination crop and commonly propagated
using open pollinated seeds derived from random mating
among Lai genotypes. Among eight Lai local cultivars of
Batuah, Lai Kuning and Lai Belimbing were genetically
the closest cultivars (similarity coefficient of 0.58). Based
on the similarity coefficient of 0.34, eight Lai cultivars
divided into two clusters. The first cluster consisted of sole
Lai durian, while the rest seven cultivars grouped in the
second cluster.
Genetic diversity has an important role in the breeding
program of a species, so it needs to be maintained and
improved to ensure the availability of the genetic resources.
A species with higher genetic diversity and more complex
genetic background will endure the better adversity and
more adaptable to the changes of environment conditions
(Zhao et al. 2014). The divergent genetic characters of
genotype relationship will improve the genetic diversity of
species; thus, the information of genetic diversity can be
used to select genotypes for crossing purposes. According
to Rahayu and Handayani (2010), the further genetic
distance between parental cultivars will result in the higher
heterosis, which further affects on the progenies. However,
the genetic distance was not the only factor, which was
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1
3
5
6
4
2
7
8
0.34

0.40

0.46

0.52

0.58

Coefficient
Figure 3. Dendogram of eight Lai local cultivars of Batuah, Loa Janan Sub-district, Kutai Kartanegara District, East Kalimantan,
Indonesia. Note: 1. Lai Mahakam, 2. Lai Bara, 3. Lai Besar, 4. Lai Merah, 5. Lai Kuning, 6. Lai Belimbing, 7. Lai Apel, 8. Lai Durian

considered in the parental genotype selection for crossing
purposes. Superior and unique characters to produce good
recombinant have also to be highly considered. In this
study, it shows that seven Lai cultivars will result in the
highest genetic variation of progenies when they are
crossed with Lai durian (Figure 3).
The result of this study was of importance to understand
the genetic relationship among eight Lai local cultivars of
Batuah. The ISSR markers could be effectively used to
detect the variation among Lai cultivars by producing 84
loci from the total of 92 loci (91,3%). This study was in
line with Poyraz (2016) who reported that ISSR-PCR
method is suitable for detecting genetic differences
between closer populations in similar habitats, and its
ability will decrease relatively when the location of
populations become distant with each other. However, the
advanced study of genetic diversity of Lai local cultivars of
Batuah shall be further done by involving other molecular
markers in both general or specific markers, which links to
certain morphological traits prior to the comprehensive
confirmation of the cultivar diversity.
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Abstract. Arko PF, Marzuki BM, Kusmoro J. 2017. The inventory of edible mushroom in Kamojang Nature Reserve and Nature Park,
West Java, Indonesia. Biodiversitas 18: 530-540. Research on the potential of macroscopic fungi in the forests of Indonesia as food and
medicine still hasn't much been done. Until now, the biodiversity data of macroscopic fungi are destitute. On the other hand, we are
faced with the rapid rate of decline of biodiversity both by natural processes and by human activities. The purpose of this study was to
determine the species of edible mushroom in Kamojang Natural Reserves and Nature Park, Bandung-Garut Districts, West Java. The
method used in this research were exploration method assisted with line transect and semi-structural interviews to people around
Kamojang Nature Reserves and Nature Parks. The results of the study were obtained and analyzed descriptively. Thirty-five species of
macroscopic fungi that categorized as edible mushroom were found in Kamojang Nature Reserves and Nature Parks, i.e. Armillaria sp.,
Auricularia sp., two species of Cerrena, Clavulina sp., Fistulina hepatica, two species of Ganoderma, Inocybe sp., four species of
Marasmiellus, four species of Marasmius, Microporus xanthopus, Oudemansiella sp., Phellinus sp., Phlebia sp., Pleurotus sp., Pluteus
thomsonii, Polyporus meridionalis, Polyporus tenuiculus, Polyporus udus, Postia sp., Schizophyllum commune, Stereum rameale,
Stereum gausapatum, Stereum ostrea, Suillus sp., Xylaria longipes, and two species of Xylaria. From the 35 species of edible
mushroom, only ten species that had been used by villagers in Kamojang as food and medicine, i.e. Armillaria sp., Auricularia sp.,
Fistulina hepatica, both species of Ganoderma, Marasmiellus sp.2, Oudemansiella sp., Polyporus meridionalis, Polyporus tenuiculus,
and Polyporus udus.
Keywords: Inventory, edible mushroom, fungi, Kamojang

INTRODUCTION
Indonesia is a tropical country that has the third largest
tropical rain forest in the world (WWF 2005). One of the
tropical rain forests in Indonesia is Kamojang Nature
Reserve (Ind.: Cagar Alam) and Nature Park (Ind.: Taman
Wisata Alam) in Bandung-Garut Districts, West Java.
Kamojang Nature Reserves and Nature Park has a total
conservation area of 8286 ha. This area was divided into
two main areas, which are Nature Reserve (7,805 ha) and
Nature Park (481 ha) (Minister of Forestry Decree No.
110/Kpts-II/90). These areas are located in the tropical
region and have an elevation ranging between 1200-2100
meters above sea level. The rainfall rate per year of this
location are between 2500-3000 mm (BKSDA 2014).
Consequently, this area has a fairly high humidity. The
results of BKSDA monitoring in 2005 and 2013 turned out
that there was no reduction in land covering on Kamojang
Nature Reserve (70%), proving the beauty of this area was
maintained. The type of forest in Kamojang Nature
Reserves and Nature Park are heterogeneous and evergreen
all year round. Thus the canopy that covered the forest
floor will continue to exist. Conditions under the forest
canopy are low on light intensity and high on humidity. An
organism that can live in these circumstances is a fungus
(Hadi 2013).
Until now, research on the potential of macroscopic
fungi in the forests of Indonesia as food and medicine are

still haven’t much been done. Even to this day, the
biodiversity data of macroscopic fungi are destitute. On the
other hand, we are faced with the rapid rate of decline of
biodiversity by both natural processes and by human
activities (Gandjar, et. al. 2006). Deforestation in Indonesia
reached 840.000 ha per year (Margono, et. al. 2014). If
these conditions keep happening, in the next two decades
Indonesia will lose its greatest resource (Kondra and
Syaukani 2004). Millions of fungal species might even be
extinct before we know its potential (Tampubolon, et. al.
2011). Therefore, research is needed to explore the
potential of macroscopic fungi especially in the forests that
have the conditions favorable for them to grow.
The purpose of this study was to determine the diversity
of macrofungi that can be consumed in the Kamojang
Nature Reserve and Nature Park, Bandung-Garut Districts,
West Java and to determine the species of macrofungi that
has been utilized as food and medicine by the local
community.
MATERIALS AND METHODS
The method for collected data in the field was
exploration method assisted with line transect (Mueller et
al. 2004 in Foster 2004; Rugayah, et al. 2004). The results
were then analyzed descriptively. While the method used to
collect edible mushroom data were semi-structured
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interviews (Iskandar 2012; Redzic, et al. 2010) and
literature studies.
Study area
This research was conducted in five areas in Kamojang
Nature Reserves and Nature Parks (Figure 1). There were
two tracks at Nature Reserve West Area, one track at
Nature Reserve East Area, and two track at Nature Park.
This exploration held in May until August 2015.
Procedures
A preliminary survey was conducted to determine the
location that represents all research areas. The site of the
research was also chosen based on the recommendations of
informants.
Interview process
Interviews were conducted with four informants who
were eligible, namely: (i) have/had access to Kamojang
Nature Reserve and Nature Park and (ii) his/her side job are
mushroom hunters or former mushroom hunters. The
questions were posed based on: (i) the type of mushroom
that was searched, (ii) the effort to cultivate wild
mushrooms, (iii) the used of mushrooms by the public, (iv)
the time to hunt mushrooms, (v) the substrates on which
certain mushroom grew, and (vi) the choice of flavors,
textures, and sizes of edible mushrooms.
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Field data collection
A start point and an end point of observation location
were defined in the study area. Exploration paths were
created with the help of line transects in the study area,
connected between the start point and the end point of
observation. This line transects then carefully explored.
Things to do when macrofungi were found are:
documented with a camera from various sides (attachment
on the substrate, the top side, besides, the bottom side, and
divided fruiting body). Notes of the primary data or
morphology characteristics were collected on the field
(type of fungus in general; Pileus: surface color, bruise
color, flesh color, surface texture, surface condition, shape,
margin; Lamellae: color, type of margin, coloring type,
attachment, hymenium type, number of lamellulae, pore
shape if any; Stipe: color, bruise color, flesh color,
attachment to pileus, surface type, base type;
Ornamentations: volva type, annulus type; and color of
spore print), Morphometric (Pileus: diameter, height, flesh
thickness; Stipe: length, apex diameter, middle diameter,
base diameter; Lamellae: depth, length of the tube if any),
and secondary data, environmental conditions in which it
grows (the condition of the substrate and the surrounding
vegetation) (Arora 1986; Foster 2004; Læssøe 2013;
Largent 1986). Measurements were also performed on the
physical condition of the environment in which it grows
(coordinates, altitude, humidity, temperature and light
intensity). After data had been collected, the fruiting body
were collected with a knife and cleaned from various
impurities (i.e. dirt, leaf litter, etc.).

Figure 1. Kamojang Nature Reserve and Nature Park, Bandung-Garut Districts, West Java. Kamojang Nature Reserve West Area Track
one (green) at 7° 9'14,01"S-7° 9'52,82"S and 107° 46'15,20"E-107° 45'13,91"E, Kamojang Nature Reserve West Area Track two
(yellow) at 7°9'4,18"S-7°9'30,01"S and 107°46'50,82"E-107°46'23,79"E, Kamojang Nature Reserve East Area Track Hutan Gede
(purple) at 7°9'12,12"S-7°9'30,68"S and 107°49'49,10"E-107°49'23,77"E, Kamojang Nature Park Area Track Hutan Hotel (red) at
7°9'1,39"S-7° 9'34,03"S and 107°48'10,07"E-107°47'42,25"E, and Kamojang Nature Park Area Track Hutan Kawah (blue) at
7°8'16,51"S-7°8'31,80"S and 107°48'17,38"E-107°48'4,03"E.
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Laboratory data collection
The documentation process was repeated in the
laboratory for fruiting bodies of macrofungi from all sides
(top, side, bottom, divided fruiting body). Morphological
characteristics and morphometric were also checked for the
second time (type of fungus in general; Pileus: surface
color, bruise color, flesh color, surface texture, surface
condition, shape, margin diameter, height, flesh thickness,
length, apex diameter, middle diameter, base diameter;
Lamellae: color, type of margin, coloring type, attachment,
hymenium type, number of lamellulae, pore shape if any,
depth, length of the tube if any; Stipe: color, bruise color,
flesh color, attachment to pileus, surface type, base type;
Ornamentations: volva type, type annulus; and color of
spore print) from the fruiting bodies that have been collected
(Arora 1986; Foster 2004; Læssøe 2013; Largent 1986).
The next process was to make spores print by cutting
the mushroom stipe if any and put pileus right between
black and white paper. A drop of water was added to the
upper surface of pileus and covered it. After 12 hours, the
pileus was lifted. If the type of fruiting body were coral
fungi, club or jelly-like, put the fruit body on the black and
white paper carton. If it was cup fungi, put it upside down
on black and white carton. Identification then began after
all the data were obtained using various key and
monograph based on the morphology character and
literature studies were performed to determine whether it
can be consumed or not.
Herbarium
Spirit/wet collection was made from the fruiting body
which had a small size, fragile, and it wasn't possible to
observe when it was dried (perishable). Ways of making
spirit collection were, make sure the fruiting body in clean
condition and intact. Specimens preserved in glass jars with
a fixative solution Formaldehyde-Acetic Acid Alcohol
(FAA) with a composition of 50% Ethanol, 37%
Formaldehyde, and Glacial Acetic Acid with a ratio of 18:
1: 1 (Foster 2004). Furthermore, a label was given on the
bottle to mark the herbarium. Make sure the lid was tightly
sealed (airtight).
The dried herbarium was made for the specimens that
had a hard, woody, and dry fruiting body. Ways of making
the herbarium were, make sure the mushroom fruiting body
in clean condition and intact. Dry air the fruiting body in
the oven with the lid open on 42°C. The dried herbarium
then moved into the airtight container with dry silica gel in
it and labeled to mark the herbarium (Arora 1986;
Drábková 2014).
All herbarium were stored in herbarium of the Department
of Biology, Faculty of Mathematics and Natural Sciences,
Universitas Padjadjaran, Jatinangor, Sumedang, West Java,
Indonesia for cross references purpose.
RESULTS AND DISCUSSION
Physical environmental conditions of the study area
After preliminary survey to determine the study area,
five areas within Kamojang Nature Reserve and Nature

Park were chosen. There are two tracks in the Nature
Reserves West Area, one track in Nature Reserve East Area
and two tracks in Nature Park. These five areas have
perennials heterogeneous forest with tight canopy cover.
Kamojang Natural Reserves West Area track one is
located at 7°9'14,01"S-7°9'52,82"S and 107°46'15,20"E107°45'13,91"E. The transect length in this area was 7.65
km. The Elevation in this area is 1494-1662 meters above
sea level. The starting point of walking trails is located at
7°9'14,38"S and 107°46'15,03"E and ends at 7°9'39,78"S
and 107°45'14,07"E. There wasn’t any water body in this
area.
Kamojang Natural Reserves West Area track two is
located at 7°9'4,18"S-7°9'30,01"S and 107°46'50,82"E107°46'23,79"E. The transect length in this area was 3.51
km. The Elevation in this area is 1484-1622 meters above
sea level. The starting point of walking trails is located at
7°9'12,94"S and 107°46'23,96"E and ends at 7°9'5,19"S
and 107°46'50,61"E. There wasn't any water body in this
location. In the last 300 m, the type of vegetation is shrubs.
Moreover, there was a fire resulting in hot and dry
conditions.
Kamojang Nature Reserve West Area track Hutan Gede
is located at 7°9'12,12"S-7°9'30,68"S and 107°49'49,10"E107°49'23,77"E. The transect length in this area was 3.51
km. The Elevation in this area is 1619-1816 meters above
sea level. The starting point of walking trails is located at
7°9'30,25"S and 107°49'23,93"E and ends at 7°9'12,48"S
and 107°49'43,43"E. There was a body of water along the
trails in the form of a river.
Kamojang Nature Park track Hutan Hotel is located at
7°9'1,39"S-7°9'34,03"S
and
107°48'10,07"E107°47'42,25"E. The transect length in this area was 5.12
km. The Elevation in this area is 1387-1552 meters above
sea level. The starting point of walking trails is located at
7°9'7,52"S and 107°47'47,80"E and ends at 7° 9'2,17"S and
107°48'2,90"E. There are two bodies of water along the
trails in the form of a river. This path was also a favorite
path for mushroom hunters from the surrounding villages
to hunt mushroom called lember.
Kamojang Nature Park track Hutan Kawah is located at
7°8'16,51"S-7°8'31,80"S
and
107°48'17,38"E107°48'4,03"E. The transect length in this area was 4.70
km. The Elevation in this area is 1645-1715 meters above
sea level. The starting point of walking trails is located at
7°8'27,84"S and 107°48'6,65"E and ends at 7°8'23,52"S
and 107°48'5,90E. There is a body of water along the trails
in the form of a dry river. Although the river is dry, the
moisture in this area reached 85%. Also, around the trails,
there is an active crater. This crater is a tourist place in
Kamojang Nature Park.
Data of edible mushroom
From five of this research sites, there were found 35
types of fungi that were able to be consumed either as food
ingredient or as a medicine (Table S1). For more detail can
be seen in Table 1.
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Tabel 1. The inventory of edible macroscopic fungi in Kamojang Nature Reserve and Nature Park, May to August 2015
Species

Application

References

Armillaria sp.*

Antibacterial
Anticancer
Antifungal
Anti-hyperglycemic
Anti-inflammatory
Antioxidant
Food
Antibacterial
Anticancer
Antihypercholesterolemic
Antioxidant
Food
Antibacterial
Anticancer
Antioxidant
Antiviral
Immunomodulatory
Antibacterial
Anticancer
Antioxidant
Antiviral
Immunomodulatory
Food
Antibiotic
Food
Anti-anemia
Antibacterial
Anticancer
Antioxidant
Anti-anemia
Antibacterial
Anticancer
Antioxidant
Anticancer
Food
Food
Food
Food
Antibacterial
Antioxidant
Antibacterial
Antioxidant
Antibacterial
Antioxidant
Antibacterial
Antioxidant
Stop breastfeeding in
children
Antibiotic
Antioxidant
Food
Anti-influenza
Antioxidant
Antitumor
Antihypersensitif
Antioxidant
Antibacterial
Antioxidant
Antitumor
Food
Food

Wu et al. 2012; Chi et al. 2013; Herath et al. 2013; Lai and Ng 2013;
Bohnert et al. 2014; Geng et al. 2014; Radzki et al. 2014; Liu et al. 2015;
Zavastin et al. 2015; Zhang et al. 2015

Auricularia sp.*

Cerrena sp.1

Cerrena sp.2

Clavulina sp.
Fistulina hepatica*
Ganoderma sp.1*

Ganoderma sp.2*

Inocybe sp.
Marasmiellus sp.1
Marasmiellus sp.2*
Marasmiellus sp.3
Marasmiellus sp.4
Marasmius sp.1
Marasmius sp.2
Marasmius sp.3
Marasmius sp.4
Microporus xanthopus
Oudemansiella sp.*
Phellinus sp.
Phlebia sp.
Pleurotus sp.

Pluteus thomsonii

Arora et al. 2014; Chiu et al. 2014; Yu et al. 2014; Arora and Tandon 2015;
Cai et al. 2015; Chellappan et al. 2015; Khaskheli et al. 2015; Park et al.
2015; Reza et al. 2015; Zhao et al. 2015
Jaszek et al. 2013; Mizerska-Dudka et al. 2015

Jaszek et al. 2013; Mizerska-Dudka et al. 2015

Boa 2004
Alves et al. 2012; Alves et al. 2014
Ćilerdžić et al. 2015; Hossain et al. 2015; Huang et al. 2015; Kladar 2015;
Liang et al. 2015; Reis et al. 2015; Wang et al. 2015; Zhang et al. 2015
Ćilerdžić et al. 2015; Hossain et al. 2015; Huang et al. 2015; Kladar 2015;
Liang et al. 2015; Reis et al. 2015; Wang et al. 2015; Zhang et al. 2015
Patel and Goyal 2012
Boa 2004
Boa 2004
Boa 2004
Boa 2004
Ramesh 2010
Ramesh 2010
Ramesh 2010
Ramesh 2010
Lee and Chang. 2004; Lee et al. 2009; Tapwal et al. 2013
Anke et al. 1979; Anke et. al. 1990; Rosa et al. 2003
Hwang et al. 2015; Lee et al. 2015; Li et al. 2015; Mei 2015; Yan 2015;
Zhang et al. 2015
Hai Bang et al. 2014
Elbatrawy et al. 2015; Ganeshpurkar et al. 2015; Ren et al. 2015; Xue et al.
2015; Younis et al. 2015
Local informants
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Food
Local informants
Food
Omarini et al. 2009
Food
Local informants
Antitumor
Li et al. 2015
Antioxidant
Chowdhary et al. 2013; Ogawa et al. 2013; Sutivisedsak et al. 2013; Yim et
Antitumor
al. 2013; Chowdhary et al. 2014; Zhong et al. 2015
Food
Stereum rameale
Antibiotic
Mellows 1973; Lia et al. 2006
Stereum gausapatum
Antibiotic
Mellows 1973; Lia et al. 2006
Stereum ostrea
Antibacterial
Kim et al. 2006; Praveen, K. 2012
Anti-malarial
Suillus sp.
Antibacterial
Patel and Goyal 2012; Radzki et al. 2014; Reis et al. 2014; Ribeiro et al.
Anticancer
2015
Antioxidant
Food
Xylaria longipes
Antibacterial
Schneider 1996; Rusch et al. 2015
Antifungal
Xylaria sp.1
Antifungal
Schneider 1996
Xylaria sp.2
Antifungal
Schneider 1996
Note: * Has been used by people around Kamojang as foods and medicine
Polyporus meridionalis*
Polyporus tenuiculus*
Polyporus udus*
Postia sp.
Schizophyllum commune

Discussion
In an effort to determine the diversity of macrofungi
that can be consumed in the Kamojang Nature Reserve and
Nature Park and to determine the species of macrofungi
that has been utilized as food and medicine by the local
community, we performed inventory, literature study, and
interview process with the local community. As a result, in
Tabel 1, 35 species have been identified as the edible
mushroom. 18 species were shown to have an antibacterial
compound are the most common application of macrofungi
that can be found in Kamojang Nature Reserve and Nature
Park. 13 of these species also contain antioxidant. The
other application of macrofungi in Kamojang Nature
Reserve and Nature Park are eight species as anticancer,
four species as antifungal, one species as antihypercholesterolemic, one species as antihyperglycemic,
one species as anti-inflammatory, one species as antiinfluenza, one species as anti-malaria, four species as
antitumor, two species as antiviral, one species as
antihypertensive, two species as immunomodulatory, one
species to stop breastfeeding in children and 16 species as
food. Most macrofungi used by the local community in
Kamojang are as food and only one species are used as
medicine which is Auricularia sp. This species used to treat
heat illness by ate it raw.
In species occurrence point of view, Auricularia sp.
was the one with the highest frequency of occurrence. This
species was found in Natural Reserves West Area track
one, and track two, Nature Reserve West Area track Hutan
Gede, Nature Park track Hutan Hotel, and Nature Park
track Hutan Kawah. Based on statements of informants,
Auricularia sp. also called lember, has resilience in the face
of weather. Both in the dry season and the rainy season,
these species are non-perishable, and no insects will eat this
species. It is also the kind that is often hunted by
mushroom hunters to be sold to markets and restaurants
around Kamojang.
Location of the study that had the most diverse on
macroscopic fungi that can be consumed was in Kamojang
Nature Park track Hutan Hotel as many as 21 species

(Table S2). This is because these locations passed by two
rivers that continue to flow even in the dry season. In
addition, this location is suitable for survey research on
macrofungi throughout the year. While the least diverse on
macroscopic fungi that can be consumed was in Kamojang
Nature Reserve West Area, track one. This happens due to
the fact that there wasn't a single body of water along the
trails. In addition, the line was also a bike track that allows
people to reach Ciharus Lake. It's probably because the
smoke from motor vehicle prevented the growth of
mushroom fruiting bodies in the vicinity. Moreover, the
land around the path was solidified and dried resulting in
the inhibition of growth and the spread of fungal hyphae
(Jain et al. 2009).
Regarding the diversity of Phylum in the Kingdom
Fungi in Kamojang Nature Reserve and Nature Park,
Basidiomycota was ranked first with 87% compared with
just 13% Ascomycota (Table S3.). This happens because
most macroscopic Ascomycota requires high humidity and
low temperatures to form fruiting bodies. Some types of the
Ascomycota can even be found on Antarctic area where the
temperature is low (Olech and Czarnota 2009).
This study is the first study conducted in Kamojang
Nature Reserve and Nature Park on the inventory of
macrofungi. If we compare this study with other inventory
studies on macrofungi in Java, the diversity of edible
mushroom is quite a lot. On Gunung Halimun National
Park with the discovery of 31 species of macroscopic fungi
only eight species are edible which were four Ganoderma
sp., Geoglossum sp., Laccaria sp., and Trichoglossum sp.
(Tata and Widyawati 2013). In addition, there were nine
species of edible mushroom on the Alas Purwo National
Park, namely Auricularia auricula, Clavaria fragilis,
Ganoderma lucidum, Gymnopus sp., Marasmius aliaceous,
Marasmius copelandii, Lentinus sajor-caju, Pleurotus
ostreatus, and Tremella fuciformis (Jihad 2013).
Ganoderma sp. is the only species that exist in all location.
Its long history of use for promoting health and longevity
in China, Japan, and other Asian countries are responsible
for its distribution (Wachtel-Galor et al. 2011)
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Based on the results obtained from this study, it's
possible that there are still a lot of species that haven't been
recorded. So it is advisable to do more inventory on the
other locations and other time around Kamojang Nature
Reserve and Nature Park to complete the list of edible
mushroom. m
ACKNOWLEDGEMENTS
Authors convey respect and gratitude profusely to Asep
Zainal Mutaqin, Budi Irawan, Dr. Nia Rossiana, Prihadi
Santoso, and Dr. Tia Setiawati, for initial review in this
study as well the anonymous reviewer. Also, authors would
like to thank villagers in Kampong Cileutik, Mekarsari
Village, Bandung District, West Java to participate in this
research especially Atan, Nana’s family, and Adit as
informants.
REFERENCES
Alves MJ, Ferreira IC, Martin A, Pindato M. 2012. Antimicrobial activity
of wild mushroom extracts against clinical isolates resistant to
different antibiotics. J Appl Microbiol 113: 466-475.
Alves MJ, Ferreira IC, Martin A, Pindato M. 2014. Wild mushroom
extracts potentiate the action of standard antibiotics against
multiresistant bacteria. J Appl Microbiol1 16: 32-38.
Anke T, Hecht HJ, Schramm G, Steglich W. 1979. Antibiotics from
basidiomycetes. IX. Oudemansin, an antifungal antibiotic from
Oudemansiella mucida (Schrader ex Fr.) Hoehnel (Agaricales). J
Antibiot (Tokyo) 32: 1112-1117.
Anke T, Werle A, Bross M, Steglich W. 1990. Antibiotics from
basidiomycetes. XXXIII. Oudemansin X, a new antifungal E-betamethoxyacrylate from Oudemansiella radicata (Relhan ex Fr.) Sing. J
Antibiot (Tokyo) 43: 1010-1011.
Arora D.1986. Mushrooms Demystified. Ten Speed Press, California.
Arora S, Tandon C, Tandon S. 2014. Evaluation of the cytotoxic effects of
CAM therapies: an in vitro study in normal kidney cell lines.
Scientific World J 2014: 1-11.
Arora S, Tandon S. 2015 Mushroom Extracts Induce Human Colon
Cancer Cell (COLO-205) Death by Triggering the Mitochondrial
Apoptosis Pathway and Go/G1-Phase Cell Cycle Arrest. Arch Iran
Med 18: 284-295.
Bang TH, Suhara H, Doi K, Ishikawa H, Fukami K, Parajuli GP, Katakura
Y, Yamashita S, Watanabe K, Adhikari MK, Manandhar HK, Kondo
R, Shimizu K. 2014. Wild Mushrooms in Nepal: Some Potential
Candidates as Antioxidant and ACE-Inhibition Sources. Evid Based
Compl Alternat Med 2014: 1-11.
BKSDA. 2014. CA Kamojang. http://www.garutkab.go.id/pub/static_
menu/detail/sda_lingkungan_hidup
Bohnert M, Nützmann HW, Schroeckh V, Horn F, Dahse HM, Brakhage
AA, Hoffmeister D. 2014. Cytotoxic and antifungal activities of
melleolide
antibiotics
follow
dissimilar
structure-activity
relationships. Phytochemistry 2014: 101-108.
Bohnert M, Scherer O, Wiechmann K, König S, Dahse HM, Hoffmeister
D, Werz O. 2014. Melleolides induce rapid cell death in human
primary monocytes and cancer cells. Bioorg Med Chem 22: 38563861.
Cai M, Lin Y, Luo YL, Liang HH, Sun P. 2015. Extraction,
Antimicrobial, and Antioxidant Activities of Crude Polysaccharides
from the Wood Ear Medicinal Mushroom Auricularia auricula-judae
(Higher Basidiomycetes). Intl J Med Mushrooms 17: 591-600.
Chellappan DK, Ganasen S, Batumalai S, Candasamy M, Krishnappa P,
Dua K, Chellian J, Gupta G. 2015. The Protective Action of the
Aqueous Extract of Auricularia Polytricha in Paracetamol Induced
Hepatotoxicity in Rats. Recent Pat Drug Deliv Formul 10: 72-76.
Chi CW, Chen CC, Chen YJ. 2013. Therapeutic and radiosensitizing
effects of armillaridin on human esophageal cancer cells. Compl
Altern Med 2013: 1-8.

535

Chiu WC, Yang HH, Chiang SC, Chou YX, Yang HT. 2014. Auricularia
polytricha aqueous extract supplementation decreases hepatic lipid
accumulation and improves antioxidative status in animal model of
nonalcoholic fatty liver. Biomedicine (Taipei) 4: 29-38.
Chowdhary A, Kathuria S, Agarwal K, Meis JF. 2013. Reply to
"implications of high antifungal susceptibility on Schizophyllum
commune-associated allergy in clinical practice". Antimicrob Agents
Chemother 57: 5784-5785.
Chowdhary A, Kathuria S, Agarwal K, Meis JF. 2014. Recognizing
filamentous basidiomycetes as agents of human disease: A review.
Med Mycol 52: 782-797.
Ćilerdžić J, Stajić M, Vukojević J. 2015. Potential of submergedly
cultivated mycelia of Ganoderma spp. as antioxidant and
antimicrobial agents. Curr Pharm Biotechnol 17: 275-282.
Drábková LZ. 2014. DNA Extraction from Herbarium Specimens. in:
Besse, P. (ed.), Molecular Plant Taxonomy: Methods and Protocols,
Methods in Molecular Biology, Springer, New York.
Elbatrawy EN, Ghonimy EA, Alassar MM, and Wu FS. 2015. Medicinal
Mushroom Extracts Possess Differential Antioxidant Activity and
Cytotoxicity to Cancer Cells. Intl J Med Mushrooms 17: 471-479.
Foster MS, Bills GF, Mueller GM. 2004. Biodiversity of Fungi,
Inventoring and Monitoring Methods. Elsevier Academic Press,
Massachusetts.
Gandjar I, Ariyanti O, Wellyzar S. 2006, Basic and Applied Mycology.
Yayasan Obor Indonesia, Jakarta. [Indonesian]
Ganeshpurkar A, Pardhi P, Bhadoriya SS, Jain N, Rai G, Jain AP. 2015.
Antioxidant Potential of White Oyster Culinary-Medicinal
Mushroom, Pleurotus florida (Higher Basidiomycetes). Intl J Med
Mushrooms 17: 491-498.
Geng Y, Zhu S, Lu Z, Xu H, Shi JS. 2014. Anti-inflammatory Activity of
Mycelial Extracts from Medicinal Mushrooms. Intl J Med
Mushrooms 16: 319-325.
Herath HM, Jacob M, Wilson AD, Abbas HK, Nanayakkara NP. 2013.
New secondary metabolites from bioactive extracts of the fungus
Armillaria tabescens. Nat Prod Res 27: 1562-1568.
Hossain S, Bhowmick S, Islam S, Rozario L, Jahan S, Hassan H, Sarkar
M, Choudhury BK, Ahmed S, Shahjalal H. 2015. Oral Administration
of Ganoderma lucidum to Lead-Exposed Rats Protects Erythrocytes
against Hemolysis: Implicates to Anti-Anemia. Evid Based
Complement Alternat Med 2015: 1-8.
Huang Y, Li N, Wan JB, Zhang D, Yan C. 2015. Structural
characterization
and
antioxidant
activity
of
a
novel
heteropolysaccharide from the submerged fermentation mycelia of
Ganoderma capense. Carbohydr Polym 134: 752-760.
Hwang BS, Lee IK, Choi HJ, Yun BS. 2015 Anti-influenza activities of
polyphenols from the medicinal mushroom Phellinus baumii. Bioorg
Med Chem Lett 25: 3256-3260.
Iskandar J. 2012. Ethnobiology and Sustainable Development. Puslitbang
KPK LPPM UNPAD, Bandung. [Indonesian]
Jain A, Bhadauria S, Kumar V, Chauhan RS. 2009. Biodeterioration of
sandstone under the influence of different humidity levels in
laboratory conditions. Build Environ 44: 1276-1284.
Jaszek M, Osińska-Jaroszuk M, Janusz G, Matuszewska A, Stefaniuk D,
Sulej J, Polak J, Ruminowicz M, Grzywnowicz K, Jarosz-Wilkołazka
A. 2013. New bioactive fungal molecules with high antioxidant and
antimicrobial capacity isolated from Cerrena unicolor idiophasic
cultures. Biomed Res Intl 2013: 1-11.
Jihad AM. 2013. The Diversity of Edible Mushroom in Forest Area of
Alas Purwo National Park. [Thesis]. Universitas Padjadjaran,
Sumedang. [Indonesian]
Khaskheli SG, Zheng W, Sheikh SA, Khaskheli AA, Liu Y, Soomro AH,
Feng X, Sauer MB, Wang YF, Huang W. 2015. Characterization of
Auricularia auricula polysaccharides and its antioxidant properties in
fresh and pickled product. Intl J Biol Macromol 81: 387-395.
Kim YH, Yun BS, Ryoo IJ, Kim JP, Koshino H, Yoo ID. 2006.
Methoxylaricinolic Acid, a New Sesquiterpene from the Fruiting
Bodies of Stereum ostrea. J. Antibiot 59: 432-434.
Kladar NV, Gavarić NS, Božin BN. 2015. Ganoderma: insights into
anticancer effects. Eur J Cancer Prev 25: 462-471.
Kodra, HSA, Syaukani HR. 2004. Earth Getting Hot, Flood Increasingly
Size: Unfold of Forest Destruction Tragedy. Nuansa, Bandung.
[Indonesian]
Læssøe T. 2013. Mushroom, How to Identify and Gather Wild Mushroom
and Other Fungi. DK Publishing, New York.
Lai MN, Ng LT. 2013. Antioxidant and antiedema properties of solid-state
cultured
honey
mushroom,
Armillaria
mellea
(higher

536

B I O D I V E R S I T A S 18 (2): 530-540, April 2017

Basidiomycetes), extracts and their polysaccharide and polyphenol
contents. Intl J Med Mushrooms 15: 1-8.
Largent DL. 1986. How to Identify Mushroom to Genus I, Macroscopic
Features. Mad River Press, California.
Lee SS, Chang YS, Noraswati MNR. 2009. Utilization of macrofungi by
some indigenous communities for food and medicine in Peninsular
Malaysia. For. Ecol. and Management257: 2062-2065.
Lee SS, Chang YS. 2004. Utilisation of macrofungi species in Malaysia.
Fungal Divers 15: 15-22.
Lee WY, Hsu KF, Chiang TA, Chen CJ. 2015. Phellinus linteus extract
induces autophagy and synergizes with 5-fluorouracil to inhibit breast
cancer cell growth. Nutr Cancer 67: 275-284.
Li SC, Yang XM, Ma HL, Yan JK, Guo DZ. 2015. Purification,
characterization and antitumor activity of polysaccharides extracted
from Phellinus igniarius mycelia. Carbohydr Polym1 33: 24-30.
Li SY, Shi LJ, Ding Y, Nie Y, Tang XM. 2015. Identification and
functional characterization of a novel fungal immunomodulatory
protein from Postia placenta. Food Chem Toxicol 78: 64-70.
Lia GH, Duana M, Yua ZF, Lia L, Donga JY, Wanga XB, Guoa JW,
Huangb R, Wangb M, Zhang KQ. 2008. Stereumin A-E,
sesquiterpenoids from the fungus Stereum sp. CCTCC AF 207024.
Phytochemistry 69: 1439-1445.
Liang ZE, Yi YJ, Guo YT, Wang RC, Hu QL, Xiong XY. 2015. Inhibition
of migration and induction of apoptosis in LoVo human colon cancer
cells by polysaccharides from Ganoderma lucidum. Mol Med Rep 12:
7629-7636.
Liu TP, Chen CC, Shiao PY, Shieh HR, Chen YY, Chen YJ. 2015.
Armillaridin, a Honey Medicinal Mushroom, Armillaria mellea
(Higher Basidiomycetes) Component, Inhibits Differentiation and
Activation of Human Macrophages. Int. J. of Medicinal Mushrooms
17: 161-168.
Margono BA, Potapov PV, Turubanova S, Stolle F, Hansen MC. 2014.
Primary forest cover loss in Indonesia over 2000-2012. Nat Clim
Change 4: 730-735.
Mei Y, Zhu H, Hu Q, Liu Y, Zhao S, Peng N, Liang Y. 2015. A novel
polysaccharide from mycelia of cultured Phellinus linteus displays
antitumor activity through apoptosis. Carbohydr Polym 124: 90-97.
Mellows G, Mantle PG, Feline TC, Williams DJ. 1973. Sesquiterpenoid
metabolites from Stereum complicatum. Phytochemistry 12: 27172720.
Minister of Forestry Decree No. 110/Kpts-II/90
Mizerska-Dudka M, Jaszek M, Błachowicz A, Rejczak TP, Matuszewska
A, Osińska-Jaroszuk M, Stefaniuk D, Janusz G, Sulej J, KandeferSzerszeń M. 2015. Fungus Cerrena unicolor as an effective source of
new antiviral, immunomodulatory, and anticancer compounds. Intl J
Biol Macromol 79: 459-68.
Mueller GM, Lodge DJ, O’Dell TE. 2004. Approaches to sampling
macrofungi. In: Foster MS, Bills GF, Mueller GM (eds) Biodiversity
of Fungi, Inventoring and Monitoring Methods. Elsevier Academic
Press, Massachusetts.
Ogawa H, Fujimura M, Ohkura N, Makimura K. 2013. Implications of
high antifungal susceptibility on Schizophyllum commune-associated
allergy in clinical practice. Antimicrob Agents Chemother 57: 5783.
Omarini A, Lechner BE, Albertó E. 2009. Polyporus tenuiculus: a new
naturally occurring mushroom that can be industrially cultivated on
agricultural waste. J Ind Microbiol Biotechnol 36: 635-642.
Park KM, Kwon KM, Lee SH. 2015. Evaluation of the Antioxidant
Activities and Tyrosinase Inhibitory Property from Mycelium Culture
Extracts. Evid Based Complement Alternat Med 2015: 1-7.
Patel S, Goyal A. 2012. Recent developments in mushrooms as anticancer therapeutics: a review. 3 Biotech 2: 1-15.
Praveen K, Usha KY, Naveen M, Reddy BR. 2012. Antibacterial Activity
of a Mushroom-Stereum ostrea. J Biol Agric Healthcare 2: 1-5.
Radzki W, Sławińska A, Jabłońska-Ryś E, Gustaw W. 2014. Antioxidant
capacity and polyphenolic content of dried wild edible mushrooms
from Poland. Intl J Med Mushrooms 16: 65-75.
Ramesh Ch, Pattar MG. 2010. Antimicrobial properties, antioxidant
activity and bioactive compounds from six wild edible mushrooms of
western ghats of Karnataka, India. Pharmacog Res 2: 107-112.
Redzic S, Baruandovic S, Pilipovic S. 2010. Wild mushrooms and lichens
used as human food for survival in war conditions; Podrinje-Zepa
Region (Bosnia and Herzegovina, W. Balkan). Human Ecol 17: 175181.
Reis FS, Lima RT, Morales P, Ferreira IC, Vasconcelos MH. 2015.
Methanolic extract of Ganoderma lucidum induces autophagy of AGS
human gastric tumor cells. Molecules 20: 17872-17882.

Reis FS, Stojković D, Barros L, Glamočlija J, Ćirić A, Soković M,
Martins A, Vasconcelos MH, Morales P, Ferreira IC. 2014. Can
Suillus granulatus (L.) Roussel be classified as a functional food?
Food Funct 5: 2861-2869.
Ren D, Jiao Y, Yang X, Yuan L, Guo J, Zhao Y. 2015. Antioxidant and
antitumor effects of polysaccharides from the fungus Pleurotus
abalonus. Chem Biol Interact 237:166-174.
Reza MA, Hossain MA, Lee SJ, Yohannes SB, Damte D, Rhee MH, Jo
WS, Suh JW, Park SC. Dichlormethane extract of the jelly ear
mushroom Auricularia auricula-judae (higher Basidiomycetes)
inhibits tumor cell growth in vitro. Intl J Med Mushrooms 16: 37-47.
Ribeiro A, Ruphuy G, Lopes JC, Dias MM, BarrosL, Barreiro F, Ferreira
IC. 2015. Spray-drying microencapsulation of synergistic antioxidant
mushroom extracts and their use as functional food ingredients. Food
Chem 188: 612-618.
Rosa LH, Machado KM, Jacob CC, Capelari M, Rosa CA, Zani CL. 2003.
Screening of Brazilian basidiomycetes for antimicrobial activity.
Mem Inst Oswaldo Cruz 98: 967-974.
Rusch M, Kauschat A, Spielmeyer A, Römpp A, Hausmann H, Zorn H,
Hamscher G. 2015. Biotransformation of the antibiotic andofloxacin
by Xylaria longipes leads to an efficient reduction of its antibacterial
activity. J Agric Food Chem 63: 6897-6904.
Schneider G, Anke H, Sterner O. 1996. Xylaramide, a new antifungal
compound, and other secondary metabolites from Xylaria longipes. Z
Naturforsch C51: 802-806.
Sutivisedsak N, Leathers TD, Bischoff KM, Nunnally MS, Peterson SW.
2013. Novel sources of β-glucanase for the enzymatic degradation of
schizophyllan. Enzyme Microb Technol 52: 203-210.
Tampubolon SDBM, Utomo B, Yunasfi. 2011. The Diversity of Edible
Mushroom in the Educational Forest of Universitas Sumatera Utara in
Tongkoh Village, Karo District, North Sumatra. [Thesis]. Universitas
Sumatera Utara, Medan. [Indonesian]
Tapwal A, Kumar R, Pandey S. 2013. Diversity and frequency of
macrofungi associated with wet evergreen tropical forest in Assam,
India. Biodiversitas 14: 73-78.
Tata HL, Widyawati E. 2013. Diversity of macro-fungi from HalimunSalak National Park and its prospect as nutriceutical and medicines.
In: Lee SS, Mas’ud AF, Siregar CA, Pratiwi, Mindawati N, Pari G,
Turjaman M, Krisdianto, Krisnawati H, Siregar IZ, Laba W,
Mardiastuti A, Wahyudi I. (eds.) celebrating a 100-year forestry
research in Indonesia: forestry research for sustainable forest
management and community welfare; Proceedings 2nd INAFOR
2013. Ministry of Forestry of the Republic of Indonesia, Jakarta, 2728 August 2013.
Wachtel-Galor S, Yuen J, Buswell JA, Benzie IFF. 2011. Ganoderma
lucidum (Lingzhi or Reishi), A medicinal mushroom. In: Benzie IFF,
Wachtel-Galor S (eds) Herbal Medicine: Biomolecular and Clinical
Aspects 2nd ed. CRC Press, Florida.
Wang T, Xie ZP, Huang ZS, Li H, Wei AY, Di JM, Xiao HJ, Zhang ZG,
Cai LH, Tao X, Qi T, Chen DL, Chen J. 2015. Total triterpenoids
from Ganoderma Lucidum suppresses prostate cancer cell growth by
inducing growth arrest and apoptosis. J Huazhong Univ Sci
Technolog Med Sci 35: 736-741.
Wu J, Zhou J, Lang Y, Yao L, Xu H, Shi H, Xu S. 2012. A polysaccharide
from Armillaria mellea exhibits strong in vitro anticancer activity via
apoptosis-involved mechanisms. Intl J Biol Macromol 51: 663-667.
WWF. 2005. 10 Countries with Largest Forest. http://www.wwf.or.id/
Xue Z, Li J, Cheng A, Yu W, Zhang Z, Kou X, Zhou F. 2015. Structure
Identification of Triterpene from the Mushroom Pleurotus eryngii
with Inhibitory Effects Against Breast Cancer. Plant Foods Hum Nutr
70: 291-296.
Yan JK, Pei JJ, Ma HL, Wang ZB, Liu YS. 2015. Advances in antitumor
polysaccharides from Phellinus sensu lato: Production, isolation,
structure, antitumor activity, and mechanisms. Crit Rev Food Sci Nutr
57: 1256-1269.
Yim HS, Chye FY, Rao V, Low JY, Matanjun P, How SE, Ho CW. 2013.
Optimization of extraction time and temperature on antioxidant
activity of Schizophyllum commune aqueous extract using response
surface methodology. J Food Sci Technol 50: 275-283.
Younis AM, Wu FS, El Shikh HH. 2015. Antimicrobial activity of
extracts of the oyster culinary medicinal mushroom Pleurotus
ostreatus (Higher Basidiomycetes) and identification of a new
antimicrobial compound. Intl J Med Mushrooms 17: 579-590.
Yu J, Sun R, Zhao Z, Wang Y. 2014. Auricularia polytricha
polysaccharides induce cell cycle arrest and apoptosis in human lung
cancer A549 cells. Intl J Biol Macromol 68: 67-71.

ARKO et al. – Diversity of Kamojang’s edible mushroom, Indonesia
Zavastin DE, Mircea C, Aprotosoaie AC, Gherman S, Hancianu M, Miron
A. 2015. Armillaria mellea: Phenolic Content, In Vitro Antioxidant
and Antihyperglycemic Effects. Rev Med Chir Soc Med Nat 199:
273-280.
Zhang J, Meng G, Zhai G, Yang Y, Zhao H, Jia L. 2015. Extraction,
characterization and antioxidant activity of polysaccharides of spent
mushroom compost of Ganoderma lucidum. Intl J Biol Macromol 82:
432-439.
Zhang S, Liu X, Yan L, Zhang Q, Zhu J, Huang N, Wang Z. 2015.
Chemical compositions and antioxidant activities of polysaccharides
from the sporophores and cultured products of Armillaria mellea.
Molecules 20: 5680-5697.

537

Zhang ZF, Lv GY, Song TT, Jin QL, Huang JB, Fan LF, Cai WM. 2015.
Comparison of the preliminary characterizations and antioxidant
properties of polysaccharides obtained from Phellinus baumii growth
on different culture substrates. Carbohydr Polym 132: 397-399.
Zhao S, Rong C, Liu Y, Xu F, Wang S, Duan C, Chen J, Wu X. 2015.
Extraction of a soluble polysaccharide from Auricularia polytricha
and evaluation of its anti-hypercholesterolemic effect in rats.
Carbohydr Polym 122: 39-45.
Zhong K, Tong L, Liu L, Zhou X, Liu X, Zhang Q, Zhou S. 2015.
Immunoregulatory and antitumor activity of schizophyllan under
ultrasonic treatment. Intl J Biol Macromol 80: 302-308.

Table S1. Morphology and chemical data
Pileus
N
o

Species
Surface color

Bruise color

1 Armillaria sp.

Light brown to
yellowish brown

Light brown to
yellowish brown

2 Inocybe sp.

Flesh color

Shape

Surface
texture

Lamellae
Surface
condition

Margin

Diameter Height Thickness
(mm)
(mm)
(mm)

Color

Coloring
type

Margin Type

Pores
Attachme Lamell Depth
nt
ulae
(mm)

Pore
shape

Color

Teeth
Lenght
(mm)

Lenght
Color
(mm)

Stipe
Surface
color

Bruise
Color

Flesh color

Attachment
to pileus

Surface type

Shape

Attachment Flesh Annulus Volva Length
type
to substrate type
type
(mm)

Apex
diameter
(mm)

Middle
diameter
(mm)

Base
diameter
(mm)

Spore

Chemical
Test

Spore print
color

KOH

Agaric Fungi
Convex to Broadly
convex

Smooth

Dry

Translucent striate-Not striate
24-71
smooth-Rimos,

54-83

White
Discolorous Even
to cream

Regular Adnate

3

7

Pale cream Cream
reddish
reddish

Light cream to
red brownish

Central

Squamulose
recurved to
Fibrillose

Equal

Caespitose

Superior,
Stuffed Attached,
Single

83-108

5-9

5-9

5-9

--

Negative

Light gray to dark Light gray to dark
gray
gray

Broadly convex

Fluccose

Dry

Plane

17

4

Pale
pink

Concolorous Even

Regular Free

1

3

Pale gray

Pale gray

Pale gray

Central

Fibrillose, strigose

Tapered at
base

Inserted

Solid

29

3

3

4

--

Negative

3 Marasmiellus sp.1

White

Slighthly depressed

Smooth

Dry

Not striate smooth

52

4

Pale
pink

Concolorous Serrate

Regular Adnexed 3

3

Pink to
white

Pink to
white

White

Central

Smooth

Tapered at
base

Inserted

Solid

51

4

4

4

--

Negative

4 Marasmiellus sp.2

White to pale gray White to pale gray

Moderate indented

Smooth

Slimy

Sulcate striate

65

9

White

Concolorous Serrate

Regular Free

3

4

Dark cream Dark cream
Pale pink
to pink
to pink

Central

Smooth hingga
Strigose

Equal

Mycelial pad Solid

66

7

7

7

--

Negative

5 Marasmiellus sp.3

White to pink

White to dark pink

Broadly parabolic

Smooth

Dry

Not striate smooth

9-12

19-22

White

Concolorous Even

Regular Adnate

2

3

Pink

Pink

White

Central

Smooth

Equal

Inserted

Solid

14-21

3

3

3

--

Negative

6 Marasmiellus sp.4

White

White

Broadly convex to
Campanulate

Smooth

Dry

Translucent striate, Recurved 13-15

4

White

Concolorous Even

Regular Decurrent 2

2

White

White

White

Central

Smooth

Equal

Inserted

Solid

20-23

3

3

3

--

Negative

7 Marasmius sp.1

White

White

Broadly convex to
Plane

Smooth

Dry

Incurved-Decurved

4-8

2

White

Concolorous Even

Regular Free

0

1

White

White

White

Central

Smooth

Equal

Attached to
rhizomorph

Hollow

15-30

1

1

1

--

Negative

8 Marasmius sp.2

White

White

Convex

Smooth

Dry

Not striate smooth

6

4

White

Concolorous Even

Regular Free

0

1

White

White

White

Central

Smooth

Equal

Attached to
rhizomorph

Solid

28

1

1

1

--

Negative

9 Marasmius sp.3

White to pink

White to pink

Broadly parabolic

Smooth

Dry

Not striate smooth

5-7

19-16

White

Concolorous Even

Regular Decurrent 0

1

White

White

White

Central

Smooth

Equal

Attached to
rhizomorph

Solid

14-24

2

2

2

--

Negative

10 Marasmius sp.4

Pale white to pink Pale white to pink

Convex

Smooth

Dry

Not striate smooth

7-11

3

White

Concolorous Even

Regular Free

2

White

White

White

Central

Smooth

Equal

Attached to
rhizomorph

Solid

13-20

2

2

2

--

Negative

11 Oudemansiella sp.

Dark cream to light Dark cream to light
white
cream
cream

Plane, Slightly
depressed

Smooth

Strongly viscid,
Decurved
Slimy

120

90

8

White

Concolorous Even

Regular Adnexed 3

10

White

White

White

Central

Smooth

Equal

Inserted

Hollow

93

9

9

9

12 Pleurotus sp.

Light brown

Broadly convex

Smooth

Dry

Incurved, Smooth

12-23

4-6

1

White

Concolorous Even

Regular Decurrent 2

1

White

White

White

Lateral

Smooth

Tapered at
base

Inserted

Solid

11

5

3

2

--

Negative

13 Pluteus thomsonii

Dark grey to light Dark grey to light
gray
grey
grey

Convex to Broadly
convex

Veined

Moist

Plane

10-21

5-7

2

Gray

Concolorous Even

Regular Free

4-6

Light gray Light gray White

Central

Fibrillose, pubescent Equal

Inserted

Hollow

31-40

2-4

2-4

2-4

--

Negative

Velvety

Dry

9-98

2-4

Veined

White to
Cream

Negative

Dry

90-130

33

Porioid

Radially
elongated

whie to pale
yellow

Moist

120

Porioid

Radially
elongated

White

Light brown

white

3

2

White

Negative

Jelly Fungi
14 Auricularia sp.

white
White brownish to White brownish to
brownish to
red blackish
red blackish
red blackish

Sessile

Inserted

11

Sessile

Imbricate

--

Negative

white

9

Sessile

Corticoid

--

Negative

--

Positive

--

Positive

--

Negative

--

Negative

Polypore Fungi
15 Cerrena sp.1

Light brown to
dark brown

Light brown to
dark brown

16 Cerrena sp.2

White

White

17 Ganoderma sp.1

White yellowish to dark cream to
black
black

white
yellowish

Flabelliform

Smooth

Dry, Shiny

55-98

20

18

Porioid

Round

white

3

18 Ganoderma sp.2

Dark brown

Dark brown

pale white

Flabelliform

Smooth

Dry, Dull

63-347

6-48

5-45

Porioid

Round

white to dark
brown

1-3

White to dark
brown

White to dark
brown

white

Moderate indented to
Deeply indented

Velvety

Dry, Shiny

24-53

21-25

2-3

Porioid

Round

white

1

20 Phellinus sp.

Brown reddish

Brown reddish

brown
yellowish

Dimidate

Velvety

Dry

36-55

4-6

3-5

Porioid

Round

dark brown

1

Polyporus
meridionalis

Light brown to
dark brown

Light brown to
dark brown

Moderate indented to
Deeply indented

Vilose

Dry

45-50

13-15

Anasta
mosed

Radially
elongated

dull white to
pale yellow

3

Pale cream Pale cream Cream

Central

Strigose

Equal

Inserted

Solid

45-53

3

3

3

--

Negative

22 Polyporus tenuiculus White to cream

White to cream

white

Petaloid to
Flabelliform

Smooth

Dry

15-39

2-4

2

Anasta
mosed

Radially
elongated

white

1

White

White

White

Lateral

Smooth

Equal

Inserted

Solid

3-6

3-4

3-4

3-4

--

Negative

23 Polyporus udus

Brown reddish

Brown reddish

white

Flabelliform

Smooth

Moist

110-137

32-36

23-34

Porioid

Angular

white

9

Dark
brown

Dark
brown

White

Lateral

Smooth

Equal

Inserted

Solid

24-29

10

10

10

--

Negative

24 Postia sp.

White

White

white

Dimidate

Vilose

Moist

28-109

24-29

12-13

Porioid

Angular

white

13-19

--

Negative

Light brown

Light brown

light yellow

Broadly convex

Smooth

Slightly viscid,
Sticky

98

30

17

Porioid

Angular

pale yellow

16

19

21

Microporus
xanthopus

white

Uplifted

Plane-Inrolled

Plane

Black

Black

White yellowish Lateral

Smooth

Tapered at
apex

Sessile
Cream

Cream

White

Central

Inserted

Solid

33

21

19

19

Pileate
Smooth

Equal

Sessile

Inserted

Solid

20-35

6

5

6

Pileate

Sessile

Pileate

Bolete Fungi
25 Suillus sp.

Recurved

Yellow

Yellow

Light yellow

White

White

27 Xilaria longipes

Black

Central

Glandular dotted

Equal

Inserted

Solid

81

13

13

13

Light Brown

Negative

White

Smooth

Compressed Inserted

Solid

12

1

1

1

--

Negative

Black

White

Smooth

Tampered at
Inserted
base

Suffed

14-22

10

7

4

--

Negative

28 Xylaria sp.1

Light
cream
black

Light
to cream
black

to White

Smooth

Tampered at
Inserted
base

Stuffed

81-229

13

16

6

--

Negative

29 Xylaria sp.2

Gray

Gray

White

Veined

Tampered at
Inserted
base

Stuffed

183

14

11

7

--

Negative

--

Negative

Coral Fungi
26 Clavulina sp.
Flask Fungi

Corticoid Fungi
30 Phlebia sp.

Light brown

Light brown

Pale orange

Orange

Dry

Steroid Fungi
31 Stereum rameale

Dimidate

Smooth

Dry

33-45

Dark brown

Dimidate

Smooth

Dry

Light brown to
green

Light brown to
green

Dimidate

Shaggy

Red purpleish to
dark red

Red purpleish to
dark red

Flabeliform

White to light grey

White to light
grey

Conchate

32 Stereum gausapatum Dark brown
33 Stereum ostrea

Yellow

3-6

3-6

Sessile

Pileate

--

Positive

45

Sessile

Pileate

--

Negative

Dry

73-98

Sessile

Pileate

--

Positive

Pruinose

Moderately
Lobed
viscid, Slippery

147

23

--

Negative

Floccose

Dry

6-40

4-7

--

Negative

Cyphelloid Fungi
34 Fistulina hepatica
35

Schizophyllum
commune

Dark red

Incurved

18

Round
Light
gray

Concolorous Even

Regular Free

2

1

Pale pink

5

Red
purpleish

Red
purpleish

Dark red

Lateral
Sessile

Smooth

Tapered at
apex

Inserted
Inserted

Solid

38

27

24

20

Table S2. Environmental data

No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Spesies

Elevation
(mdpl.)

Armillaria sp.
Auricularia sp.
1596-1617
Cerrena sp.1
Cerrena sp.2x
Clavulina sp.
Fistulina hepatica
Ganoderma sp.1
Ganoderma sp.2
Inocybe sp.
Marasmiellus sp.1
Marasmiellus sp.2
Marasmiellus sp.3
Marasmiellus sp.4
Marasmius sp.1
Marasmius sp.2
Marasmius sp.3
Marasmius sp.4
Microporus xanthopus
Oudemansiella sp.
Phellinus sp.
Phlebia sp.
Pleurotus sp.
Pluteus thomsonii
Polyporus meridionalis
Polyporus tenuiculus
Polyporus udus
Postia sp.
Schizophyllum commune
Stereum complicatum
Stereum gausapatum
Stereum ostrea
Suillus sp.
Xylaria longipes
Xylaria sp.1
Xylaria sp.2

Kamojang Nature Reserve West Area, Track 1
Humidity Light Intensity Air Temp.
Substrate
(%)
(Lx)
(°C)
Type
54-87

992-1476

15-21

Wood

Substrate
Condition
Moist, rotten

Elevation
(mdpl.)
1519-1533
1601-1621

1554
1576

Kamojang Nature Reserve West Area, Track 2
Humidity Light Intensity Air Temp.
Substrate
(%)
(Lx)
(°C)
Type
46-71
513-729
17-21
Wood
43-90
518-1584
15-25
Wood

72
61

545
970

23
22

Wood
Wood

Substrate
Condition
Moist, rotten
Moist, rotten

Moist, rotten
Moist, rotten

1558

77

928

21

Wood

Dry, rotten

1623

81

857

24

Wood

Dry, rotten

Elevation
(mdpl.)
1660-1661
1658-1788

Kamojang Nature Reserve East Area, Track Hutan Gede
Humidity
Light Intensity
Air Temp.
Substrate
Substrate
(%)
(Lx)
(°C)
Type
Condition
70-87
810-1550
19-24
Wood
Moist, rotten
44-80
446-1427
14-25
Wood
Moist, rotten

1667

50

1238

16

Wood

Moist, rotten

1700

45

916

19

Wood

Wet, rotten

1684

46

335

20

Wood

Moist, rotten

1736

61

281

18

Wood

Moist, rotten

1780
1795
1650
1724

84
50
58
52

40
764
303
76

19
23
13
16

Wood
Wood
Wood
Wood

Moist, rotten
Moist, rotten
Moist, rotten
Dry, rotten

1642

72

972

21

Wood

Elevation
(mdpl.)
1469-1544
1423-1521
1389
1443

Kamojang Nature Park Area, Track Hutan Hotel
Humidity
Light Intensity
Air Temp.
Substrate
(%)
(Lx)
(°C)
Type
72-83
68-233
13.3-22.3
Wood
68-86
92-287
16.4-22.8
Wood
85
174
22.1
Wood
72
207
18.6
Wood

Substrate
Condition
Dry, rotten
Moist, hard-rotten
Moist, rotten
Moist, rotten

1449

85

133

23.6

Wood

Moist, rotten

1444-1526
1443
1389-1401

70-84
69
67-73

68-274
62
145-187

15.2-23.8
21.2
18.8-21.3

Wood
Soil
Wood

Dry-wet, rotten
Wet crumbly
Moist, rotten

1390
1390

67
75

155
129

20.2
20.2

Wood
Wood

Moist, rotten
Moist, rotten

1391
1416
1461-1549
1449
1542
1467

73
81
79-82
82
71
82

130
203
158-241
118
90
230

19.6
19.5
18.5-21.9
18.9
24.3
23.9

Wood
Wood
Wood
Wood
Wood
Wood

Moist, rotten
Moist, rotten
Dry, hard-rotten
Moist, rotten
Dry, rotten
Moist, rotten

1441-1447
1453-1447

70-77
69-88

43-121
56-220

21.2-22.5
15.8-23.0

Wood
Wood

Moist, rotten
Dry-moist, rotten

1448

81

281

22.1

Wood

Dry, hard

1491
1390

74
84

290
114

20.1
20.7

Wood
Wood

Dry, hard
Dry, rotten

Elevation
(mdpl.)

Kamojang Nature Park Area, Track Hutan Kawah
Humidity
Light Intensity
Air Temp.
Substrate
(%)
(Lx)
(°C)
Type

Substrate
Condition

1649

54

667

20.8

Soil

Wet, compact

1649
1651

83
80

500
689

18.7
19.2

Leaf litter
Wood

Dry, rotten
Dry, rotten

1646-1692

53-82

320-970

14.1-21.4

Wood

Dry, hard

1678

79

286

17.1

Wood

Dry, rotten

1656-1684
1678-1680
1657

50-65
74-83
64

550-881
720-773
661

14.5-20.9
14.1-16.5
17.9

Wood
Wood
Wood

Dry, rotten
Dry-moist, rotten
Moist, hard

Dry, hard

Table S3. Diversity group data of fungi

Phylum
Ascomycota

Class
Sordariomycetes

Order
Xylariales

Basidiomycota

Agaricomycetes

Agaricales

Relationship Group
Family
Xylariaceae
Fistulinaceae
Inocybaceae
Marasmiaceae
Physalacriaceae

Auriculariales
Bolatales
Cantharellales
Hymenochaetales
Polyporales

Pleurotaceae
Pluteaceae
Schizophyllaceae
Auriculariaceae
Suillaceae
Clavulinaceae
Hymenochaetaceae
Fomitopsidaceae
Ganodermataceae
Meruliaceae
Polyporaceae

Russulales

Stereaceae

Genus
Xylaria
Fistulina
Inocybe
Marasmiellus
Marasmius
Armillaria
Oudemansiella
Pleurotus
Pluteus
Schizophyllum
Auricularia
Suillus
Clavulina
Phellinus
Postia
Ganoderma
Phlebia
Cerrena
Microporus
Polyporus

Stereum

Species
Xylaria longipes
Xylaria sp.
Fistulina hepatica
Inocybe sp.
Marasmiellus sp.
Marasmius sp.
Almillaria sp.
Oudemansiella sp.
Pleurotus sp.
Pluteus thomsonii
Schizophyllum commune
Auricularia sp.
Suillus sp.
Clavulina sp.
Phellinus sp.
Postia sp.
Ganoderma sp.
Phlebia sp.
Cerrena sp.
Microporus xanthopus
Polyporus meridionalis
Polyporus tenuiculius
Polyporus udus
Stereum gausapatum
Stereum ostrea
Stereum rameale

Form Group
Flask Fungi
Flask Fungi
Cyphelloid Fungi
Agaric Fungi
Agaric Fungi
Agaric Fungi
Agaric Fungi
Agaric Fungi
Agaric Fungi
Agaric Fungi
Cyphelloid Fungi
Jelly Fungi
Bolete Fungi
Coral Fungi
Polypore Fungi
Polypore Fungi
Polypore Fungi
Corticoid Fungi
Polypore Fungi
Polypore Fungi
Polypore Fungi
Polypore Fungi
Polypore Fungi
Steroid Fungi
Steroid Fungi
Steroid Fungi
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Abstract. Paighambari SY, Pouladi M, Parsa M, Mehdipour N, Haghighatjou N, Jabaleh A, Hedayati A. 2017. Seasonal relative
abundance of fish larvae in Helleh River estuary (north of the Persian Gulf, Iran). Biodiversitas 18: 541-547. Study of abundance and
composition of fish larvae in order to examine their association with salinity, temperature, dissolved oxygen and transparency was
conducted in Helleh River estuary in the north of the Persian Gulf. Samples were collected using Bongo net with 500 μm mesh size and
60 cm mouth diameter size in five selected stations from August 2011 to May 2012. Generally, 1637 fish larvae were isolated from 19
families that most of them were belong to Clupeidae. Seasonal relative abundance (SRA) of fish larvae varied and Clupeidae (39.90%)
and Gobiidae (14.35%) in summer; Clupeidae (26.23%) and Sparidae (21.82%) in autumn; Clupeidae (34.43%) and Hemiramphidae
(12.02%) in winter; Clupeidae (47.93%) and Sparidae (13.67%) in spring were most abundant than others. Overall, families namely
Clupeidae (39.28%), Gobiidae (12.58%) and Sparidae (10.57%) had the highest and Carangidae (0.92%) had the lowest relative
abundance during the sampling period. ANOVA test also showed a significant difference between summer and autumn with spring and
winter (P<0.05). According to CCA, in stations 4 and 5 in summer; stations 5 in autumn; stations 4 and 5 in winter; and stations 4 and 5
in spring with the highest relative abundance of fish larvae, salinity and temperature and partially transparency and in stations 2, 3 and 4
in autumn, stations 2 and 3 in spring, dissolved oxygen had significant correlation with fish larvae abundance in this estuary.
Keywords: Fish larvae, Helleh River, estuary, Persian Gulf, Iran

INTRODUCTION
Estuaries are located among the marine environments
and continents and are frequently affected by tide currents
and have persistent mixing of freshwaters and salt waters.
Estuaries prepare nursery environment for birds, fish and
another organism (Calbet et al. 2001; Lam-Hoai et al.
2006). Helleh River is an important ecological area for the
growth and reproduction of much tropical fish. The
freshwater source of this estuary supplies from Helleh
River and creates an estuary system in the south coast of
Iran, which originated from southern part of Zagros
Mountains. This river receives currents of Shapur and
Dalaki rivers at west of Fars Province. It is a permanent
river with 170 km length that discharges to the Persian Gulf
at 54 km far from Bushehr (ROPME 2003).
Regarding ecological, larvae and adult fishes often
assumed quite different and can be considered separated
ecological species. They may live in different habitats,
different foods and show an entirely different behavior
(Leis and Carson-Ewart 2000). The composition of larval
assemblages and their correlations to the habitats is so
essential to perceive more about the benefits of fishery
resources (Faria et al. 2006). The distribution and
abundance of fish larvae have a significant relation to the
fishery potency of a region and have been considered
widely (Kidwai and Amjad 2001). Marine ecosystems

situations and climate are associated with fish abundance
and distribution. Moreover, the physical environment and
food accessibility have been recommended as another main
issue to assess the survival rate of larval fish in early stages
and the success of population recruitment (Laevastu and
Hela 1970; Marshall and Elliott 1998). Study for
identification of fish larvae abundance in Persian Gulf have
been carried out by Iranian specialists who were mostly
focused on the identification and abundance of fish larvae
(Rabbaniha 1998; Owfi and Bakhtiary 1999; Dehghan et al.
2000; Jokar and Saraji 2002; Rabbaniha et al. 2008;
Vosoughi et al. 2009; Amini et al. 2015). Therefore, the
main purpose of this study was to the evaluation of fish
larvae assemblages and effects of environmental factors on
changes in temporal and spatial patterns of fish larvae
composition in Helleh River estuary.
MATERIALS AND METHODS
Study area
The study area was located in the Helleh estuary
(latitude= 28o 20' N; longitude= 51o 30' S), in the southwest
part of Bushehr province, north of Persian Gulf, Iran.
Along Helleh River estuary five sampling stations were
determined based on environmental gradients of flow
dynamics and mixing of fresh and coastal water, depth,
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rivers flow, tides and geomorphological characteristics
(Figure 1).
Procedures
Seasonal samplings were conducted at the middle of
each season from August 2011 (summer time) to May 2012
(spring time) using a Bongo net with 60 cm diameter and
500 μm mesh size (Smith & Richardson, 1977). Sampling
operations were accomplished in high tide times. Towing
process was done obliquely and towing time for each
determined station was 10 minutes whereas boat speed was

around 1 knot h-1. After towing Samples were fixed in 5%
formalin in seawater immediately, and transferred to
Marine Ecology laboratory of Persian Gulf University.
Afterward fish larvae were identified according to valid
references at the family level (Leis and Rennis 1983; Leis
1989; Leis and Transky 1989). Water temperature was
recorded by Mercury thermometer and salinity was
measured using Atago S/Mill refractometer. Dissolved
oxygen was also measured by YSI 51 Oxygen meter
(Model OH, USA) and transparency was obtained by
Secchi depth plate.

Figure 1. Map of study area showing geographic location and stations in the Helleh River estuary
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Throughout the study period, a total of 1637 fish larvae
belonging to 19 families were identified in Helleh River
estuary which 14 families in summer; 12 families in
autumn; 11 families in winter; and 14 families in spring
were detected. Based on the studies of fish larvae in the
south coast of Iran in the Persian Gulf about 54 families
have been identified (Rabbaniha et al. 2012), While
Richards has listed 103 families for the whole of the
Persian Gulf (Richards 2008). Clupeidae family was
dominant and present family in all seasons; Gobiidae,
Engraulidae, Sillaginidae, Platycephalidae, Teraponidae,
Siganidae, Synodontidae, Sphyraenidae, Cynoglosside,
Soleidae and Carangidae families were observed in 3
seasons; Sparidae, Gerridae, Lutjanidae, Mugulidae,
Hemiramphidae, Scorpaenidae, Belonidae families were
observed in 2 seasons during study period (Table 1).
Estuary environment is a very important nursery for many
fish larvae and juveniles of other estuarine species
(Strydom et al. 2003). Most marine fishes which are
dependent on estuary environment enter these ecosystems
within the postflexion phase of their larval stage (Strydom
and Whitfield 2000).
Fish larvae abundance at stations 1, 2, 3, 4 and 5 were
29, 38, 71, 108 and 172 individuals in summer; 24, 35, 62,
96 and 168 individuals in autumn; 12, 17, 20, 42 and 92
individuals in winter and 36, 47, 98, 164 and 307
individuals in spring, respectively (Figure 2). The seasonal
abundance of fish larvae were 418, 385,183, and 652
individual in summer, autumn, winter and spring,
respectively. Also, the highest fish larvae abundance were
recorded at station 5 (estuary mouth) throughout the year.
According to ANOVA test, there were significant
differences (P<0.05) between summer and autumn with
spring and winter (Figure 3). In some estuarine
environments, peaks in fish larvae abundance seem to be
correlated with peaks in phytoplankton production and
biomass. During winter light intensity and temperature
diminish and, therefore, zooplankton and phytoplankton
biomass decrease to very low levels, therefore decreasing

Table 1. Comparison of fish larvae presence (*) during different
seasons in Helleh River estuary, north of the Persian Gulf, Iran
Family
Clupeidae
Gobiidae
Sparidae
Engraulidae
Sillaginidae
Gerridae
Lutjanidae
Platycephalidae
Teraponidae
Siganidae
Mugilidae
Hemiramphidae
Synodontidae
Sphyraenidae
Scorpaenidae
Belonidae
Cynoglossidae
Soleidae
Carangidae

Summer
2011

Autumn
2011

Winter
2012

Spring
2012

*
*

*
*
*
*

*

*
*
*
*
*
*

*
*

*
*

*
*
*
*
*
*
*

*
*
*

*
*
*

*
*
*
*

*
*
*
*
*
*
*
*
*

*

*

*
*
*
*
*
*

Number of specimen (ind.)

RESULTS AND DISCUSSION

fish populations is expected (Kennish 1986; Livingston et
al. 1997; Garcia et al. 2003).

Station

Figure 2. Seasonal abundance of fish larvae at different stations
in the Helleh River estuary, north of the Persian Gulf, Iran

Number of specimen (ind.)

Data analysis
One-way ANOVA was used to test significant
differences in seasonal fish larvae abundance. Data were
presented as a mean ± standard error. All data met the
parametric test assumptions (normal distribution,
homogeneity of variance, independence and randomness of
the data). Data was transformed by Arcsin-square root to
ensure a normal distribution (Zar 1984). All statistical
analysis was carried out using SPSS version 21.0, and
cluster analysis was depicted by Biodiversity Pro version
2.0. To assess the relationships between fish larvae
abundance in all stations of four seasons with temperature,
salinity, dissolved oxygen and transparency canonical
correlation analysis was performed using CANOCO
version 4.5.
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No. of specimen (ind.)

Figure 3. Total number of fish families’ specimens during study
period in Helleh River estuary, north of the Persian Gulf, Iran

Figure 7. Number of fish families’ specimens in spring in Helleh
River estuary, north of the Persian Gulf, Iran
Table 2. List of fish larvae families identified in the Bongo-net
collections (August 2011 to May 2012)
Family

Family

No. of specimen (ind.)

Figure 4. Number of fish families’ specimens in summer in
Helleh River estuary, north of the Persian Gulf, Iran

Family

No. of specimen (ind.)

Figure 5. Number of fish families’ specimens in autumn in
Helleh River estuary, north of the Persian Gulf, Iran

Family

No. of specimen (ind.)

Figure 6. Number of fish families’ specimens in winter in Helleh
River estuary, north of the Persian Gulf, Iran

Family

Clupeidae
Gobiidae
Sparidae
Engraulidae
Sillaginidae
Gerridae
Lutjanidae
Platycephalidae
Teraponidae
Siganidae
Mugulidae
Hemiramphidae
Callionymidae
Sphyraenidae
Scorpaenidae
Belonidae
Cynoglosside
Soleidae
Carangidae
Total

No. of specimen

Relative abundance

643
206
173
94
75
63
49
44
38
37
33
32
31
25
22
21
18
18
15
1637

39.28
12.58
10.57
5.74
4.58
3.85
2.99
2.69
2.32
2.26
2.02
1.95
1.89
1.53
1.34
1.28
1.10
1.10
0.92
100

According to the seasonal collected fish larvae samples
Clupeidae with 167 individuals and 39.9% abundance
percentage and Gobiidae with 60 individuals and 14.35%
abundance percentage in summer; Clupeidae with 101
individuals and 26.23% abundance percentage and
Sparidae with 84 individuals and 21.82% abundance
percentage in autumn; Clupeidae with 63 individuals and
34.43% abundance percentage and Hemiramphidae with 22
individuals and 12.02% abundance percentage in winter;
Clupeidae with 312 individuals and 47.93% abundance
percentage and Sparidae with 89 individuals and 13.67%
abundance percentage in spring showed the highest
abundance percentage among the fish larvae which were
identified (Figure 4; Figure 5; Figure 6; Figure 7). A total
of four seasons, Clupeidae with 643 individuals and
39.28% abundance percentage, Gobiidae with 206
individuals and 12.58% abundance percentage and
Sparidae with 173 individuals and 10.57% abundance
percentage had the highest amounts of abundance and
Carangidae with 15 individuals and 0.92% abundance
percentage had the lowest amount of abundance,
respectively (Table 2).
Clupeidae can be considered as an indicator of the
changes in this estuary. Clupeidae family as a pelagic fish
produces pelagic eggs and their larvae reach to the rich
regions and coastal food by sea current and their presence
in coastlines and estuaries can be linked with the peak
period of zooplankton and phytoplankton production
(Keenleyside, 1979). The community structures and
temporal and spatial patterns determined in this research
showed similar results with other studies in Persian Gulf
region (Rabbaniha 1998, Owfi and Bakhtiary 1999; Jokar
and Saraji 2002; Rabbaniha et al. 2013, Amini et al. 2015).
The studied habitats in their researches were coastal,
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estuary and creek that Clupeidae and Gobiidae were the
dominant family assemblages. The distribution and
abundance of fish larvae depend on desirable biological
situations, time and place of fish spawning that will ensure
the existence of suitable and sufficient food, and least
threat from predators and unsuitable ecological situations
(Wootton 1990; Whitfield 1998). However suitable
temperature regimes found in estuaries permit fish larvae to
complete their evolution into juveniles with better success.
Some fish species settle in nursery estuaries until their
Sexual maturation (Whitfield 1998).
On the other hand, in terms of the seasonal abundance
of fish larvae families, two main groups were indicated by
cluster analysis. In this analysis, Clupeidae family at the
50% level of the similarity was separated than other
families. Spatial and temporal patterns of fish larvae
distribution and abundance are associated with their
reproductive tactics and life cycle stages that are mostly
linked
with
meteorological
and
oceanographic
characteristics. This can be attributed to the spawner fishes
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that start the breeding process within spring and in the early
of summer (Hernández-Miranda et al. 2003).
The seasonal average of water transparency and salinity
were 44.4 cm and 39.4 ppt in summer; 48 cm and 37.6 ppt
in autumn; 50 cm and 17.2 ppt in winter and 45.2 cm and
27.8 ppt in spring, respectively. The seasonal average of
temperature and dissolved oxygen were 32.4 °C and 6.77
mg L-1 in summer; 19.2 °C and 7.14 mg L-1 in autumn;
13.58 °C and 11.26 mg L-1 in winter, and 23.04 °C and
8.38 mg L-1 in spring, respectively (Table 3).
Effects of some environmental variables on fish larvae
abundance are tested by canonical component analysis
(CCA) (Figure 9). Based on CCA during this study period,
in stations 4 and 5 in summer; stations 5 in autumn;
stations 4 and 5 in winter; and stations 4 and 5 in spring
with the highest amounts of fish larvae, salinity, and
temperature and partial transparency were effective factors,
respectively. Also in stations 2, 3 and 4 in autumn, stations
2 and 3 in spring, dissolved oxygen showed a positive
correlation with fish larvae abundance, respectively.

Figure 8. Annual Bray-Curtis cluster analysis of fish larvae families based on abundance in Helleh River estuary, north of the Persian
Gulf, Iran

Table 3. Mean (±SE) of water quality factors in different seasons in Helleh River estuary (0.05> P)
Parameter
Salinity (ppt)
Transparency (cm)
Dissolved Oxygen (mg L-1)
Temperature (°C)

Summer 2011
a

39.4±1.2
44.4±0.67b
6.77±0.4c
32.4±1.1a

Autumn 2011
a

37.6±1.96
48±1.22ab
7.14±0.14c
19.2±0.13c

Winter 2012
b

17.2±6.28
50±1.58a
11.26±0.39a
13.58±0.23d

Spring 2012
27.8±6.39b
45.2±1.77b
8.38±0.18b
23.04±0.59b
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Figure 9. CCA analysis related to one year study period: (1-5)
summer stations, (6-10) autumn stations, (11-15) winter stations,
(16-20) spring stations

Estuaries are distinguished by environmental
fluctuations, where sudden changes in salinity,
temperature, oxygen and turbidity happen due to the influx
of tides and the mixing of marine and freshwater currents
(Dyer 1997; McLusky and Elliott 2004). The effects of
water physicochemical features on fish assemblage
abundance, composition, and distribution in estuarine
environments have been investigated by different authors
in subtropical and tropical ecosystems (Castillo-Rivera et
al. 2002; Barletta-Bergan et al. 2002; Simier et al. 2006).
Salinity as an effective factor in development, growth and
stress level of marine fish is well known (Chesalina et al.
2013). Water salinity and temperature are two main factors
affecting fish distribution among and within estuarine
environments and have been shown to play an important
role in the occurrence, density and growth of the larval
stages of fishes (Rakocinski et al. 1996; Strydom et al.
2003). The changes in salinity range and other water
factors such as temperature, dissolved oxygen, pH and
conductivity happen for the reasons of the effects of tides
and mixing of fresh water and marine water (Marshall and
Elliott 1998).Temperature as the primary abiotic parameter
is controlling the physiological and biochemical processes
during fish life period and influences the utilization of
estuaries ecosystems by fish species (Harrison and
Whitfield 2006). Fishes have an optimal temperature range
that improves their physiological processes (Selleslagh and
Amara 2008). Water temperature is related to the weather
thermal cycle situations and ranged according to seasonal
conditions in estuaries and abrupt fluctuation in water
temperature can cause fish mortality (Blaber 2000).
Transparency as a hydrological parameter is playing a
key role in fish larvae distribution. Turbidity impressed the
estuarine fish in three main modes: it may protect juvenile
fish from predators; it is associated with areas rich in food
abundance, and it might prepare a tendency mechanism for
bilateral migration to the estuary (Blaber 2000). Maes et al.

(2004) stated dissolved oxygen is an important factor for
distribution and abundance of fish in estuaries. Dissolved
oxygen causes the survival of fish especially in juvenile
and fry stages, and it is a vital variable in estimating the
water quality in estuaries because low dissolved oxygen
level of a water body affects the survival rate of aquatic
organisms, and consequently changes the ecological
stability of a estuary ecosystem (Zheng et al. 2004). The
Fluctuations in dissolved oxygen of estuaries is affected by
biochemical and physical processes (Ambrose et al. 1993;
Chen 2003).
To conclude, this research investigated the pattern of
fish larvae composition in Helleh River estuary, Bushehr
province. The fish larvae composition was dominated by
Clupeidae, Gobiidae and Sparidae families and most
abundance were observed in station 5 in the mouth area of
the estuary during the sampling period. Also, our results
showed that spatial and temporal changes in fish larvae
assemblages were linked to environmental conditions
which there was significant correlation between Fish larvae
abundance with salinity, temperature and dissolved oxygen
in the study area. In the end, it is recommended to consider
the relationship between fish larvae assemblages with
plankton and benthos assemblages for a better
understanding of relationships in food webs in the estuary
ecosystem.
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Abstract. Roslinda E, Ekyastuti E, Kartikawati SM. 2017. Social capital of community forest management on Nusapati Village,
Mempawah District, West Kalimantan, Indonesia. Biodiversitas 18: 548-554. Community forest management has been recognized over
the past two decades as a potential approach for achieving forest sustainability. In Indonesia, community forestry was developed by a
government program with limited funds. Community forestry in Nusapati village was one of many successful community forest
programs. The aim of this study was to explore how social capital developed in Nusapati community relating to community forest
management was developed and reinforced. The survey method was used in this research. Data collection was undertaken through
general field observation, key informant interviews, and semi-structured respondent interviews with a questionnaire. The results show
that social capital was significantly correlated to trust, social norms, and social networks in the development of community forestry.
This study concludes that social capital of Nusapati community is strong, which suggest that government intervention through
development programs should take social capital into consideration.
Keywords: Community forest, networks, norms, social capital, trust

INTRODUCTION
Community forest management has been recognized
over the past two decades as a potential approach for
achieving forest sustainability (Little 1996; Klooster and
Masera 2000). In Indonesia, community forest is called
Hutan Rakyat. According to the Indonesian Law
No.41/1999, the hutan rakyat is defined as a forest that
allocates land ownership rights. Furthermore, hutan rakyat
is a forest resource consisting of home garden
(pekarangan), dry land (tegalan), and forest (alas or wono)
fully owned by a community (Awang et al. 2007). The term
of hutan rakyat is relatively new. Simon 2008 states, in
Java, hutan rakyat existed as pekarangan, having been
developed by the Netherland colonial government in the
1930s. In the 1950s, the Indonesian government undertook
an afforestation program. Nationwide efforts continued
under the umbrella of a greening program from the 1960s
to early 2000. In the 1996 Indonesian government launched
a model for partnership between entrepreneurs and farmers
organizations facilitated by the business loan fund for
hutan rakyat. After 2003, the National Movement for
Forest and Land Rehabilitation (Gerakan Nasional
Rehabilitasi Hutan dan Lahan) was implemented, which
encouraged the planting of trees on both state and private
land (Awang et al. 2007; Simon 2008).
Communities develop community forests with different
models. Awang et al. (2007) noted that management of
community forest is still very simple, namely planting their
owned land with woody plants and let the plants grow
without intensive management. On the other hand,

Hardjanto (2000) said community forest management had
not exhibited business and sustainability principle, and that
the forest had not become the reliable source of income,
and the harvesting was still based on the need for cash. The
model selection was based on the experience of farmers
based on the suitability of species and place to grow,
custom of farmers and timber markets. Different locations
will have different characteristics of community forests to
be built and developed as well, both in terms of cultivation
and ownership status. Management of community forest in
Java are more intensive and better than outside Java
(Darusman and Hardjanto 2006).
Hutan rakyat is one of the community forestry schemes
in Indonesia. Community forestry is normally seen or
defined as involvement of local communities in the
protection and/or management of public forests (Rath
2010). On the other hand, Carter and Voloshyna (2010) has
defined community forestry as an approach to forest
management that actively promotes the rights of the people
living in and around the forest to both participate in forest
management decisions and to benefit (financially and in
kind) from the results of the management. The forest
management should provide optimal benefits to society, the
forest and the surrounding stakeholders (Birgantoro and
Nurrochmat 2007). Furthermore, community-based
management can turn unsustainable practices into more
sustainable ones through a number of ways, such as selforganization, institutional development, experiment,
knowledge elaboration, and social learning (Marschke and
Berkes 2005).
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Social capital explains that social bonds and norms are
important for people and communities (Coleman 1998).
Social capital is often suggested as having a beneficial
effect on the capacity of individuals to organize themselves
effectively (Coleman 1990; Fukuyama 1995). Most experts
agree that social capital consists of three important
dimensions: trust, social norms, and membership of social
networks (Putnam 1995; Portes 1998). Social capital refers
to an attribute of individuals in the form of networks such
as groups, cooperatives, etc. Social capital thus comprises
both networks and the assets that could be mobilized to
achieve a specific goal of a project or program. Trust is the
central element in developing sustainable social capital.
Trust building is an important component of success in
collective resource management. The concept of social
capital has multiple roots and varying definitions and
usages, and has been applied to a range of social issues in a
number of fields, including participatory and rural
development (Uphoff 2000; Uphoff and Wijayaratna 2000)
and to problems of collective action (Ostrom and Ahn
2008). Pretty and Ward (2001) state the concept draws
attention to the value of social ties and bonds through its
recurring themes, which include norms, rule, trust, and
networks (Putnam 1993; Pretty and Smith 2004; Ostrom
and Ahn 2008).
Community forest management in Nepal is one of the
globally successful models of the community forestry
programs. In Nepal, community forest comprises 96
percent of the total forest under different community
forestry programs ( Poudel et al. 2014). Their social capital
helps households better cope with income fluctuations and
manage risk because activities undertaken for social
purposes spill over into the economic arena (World Bank
2000). Nepal et al. (2007) found that social networks that
are directly related to the conservation activity have a
positive and significant impact on the number of trees
planted. Thus, networks and affiliation were found to be
important. Trust is an important factor, lack of trust was
identified as a factor that inhibits the exercise of power in
community forests user groups and hinders the
sustainability (Lachapelle et al. 2004).
It is argued here that social capital is determined
especially by trust, social norms and social networks, in
addition to endowments and attributes of those affected.
Taking the above broad definition, we consider the social
capital concept by Putnam (1993): "the features of social
organization, such as trust, norms, and networks can
improve the efficiency of society by facilitating
coordinated actions." In this term, social capital focus on it
as a resource that may embody in or held by groups, others
expand to include social capital as a resource held by
individuals. This study aimed to describe the social capital
that is owned and implemented by the community in the
management of community forests. The regulations in the
community are rules produced by the community itself,
inherited and learned from the previous generation, taught
and passed on to the next generation, and not produced by
the government. The concrete or real examples in
community group can help clarify the concept of social
capital.
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MATERIALS AND METHODS
Study area
Data of this study was collected in May-September
2015, in Nusapati Village, Sungai Pinyuh Sub-district,
Mempawah District, West Kalimantan, Indonesia.
Geographically, N109o04’30’’-00o15’30’’ and 109o09’00’E00o 17’ 12’’, covering a total area of 2460 hectares.
(Nusapati Village Monograph 2014). Figure 1 shows a map
of the study area.
Data collection
The research adopted the survey method (Nazir 2009).
Surveys were done in the areas that were chosen based on
the availability of a community forest. The surveys were
done to gain information about the social capital in
community for management of the community forest. It
was conducted through semi-structured interviews using a
questionnaire and in-depth interviews with key informants.
The interviews were conducted with 30 forest farmers and
5 ethnic/religious leaders respectively. Field observation
was done to complete/confirm the information.
This study is intended to illustrate concrete or real
examples of social capital in the community forest
management. The elements of social capital that will be
described are trust, social norms, and networks. The level
of trust of respondents was measured by the proportion of
respondents to the category of trust, doubt, and disbelief.
The social norms described in the aspects of the regulated
and measured level of understanding and violation of
respondent against the rules. The level of understanding of
respondents to the rule is measured by the proportion of
respondents with a familiar category, please understand and
do not understand the rules. Social networking is described
by its base, intensity and extent, and pattern.
Data analysis
Data were analyzed using qualitative methods. The
qualitative narrative was done by describing the social
capital of community in managing community forest. The
focus was on networks, norms and trust, as describe by
Putnam: social capital is often defined as features of social
organization such as networks, norms and trust that
facilitate coordination and cooperation for mutual benefit
(Putnam 1993).

RESULTS AND DISCUSSION
Forests in Nusapati Village
There are several types of forests in Nusapati Village;
there was home garden (pekarangan), forest garden (kebun
hutan), secondary forest and mangrove forest. In this paper,
we just identified the forest that was managed by the
community. The Identification of the forest in Nusapati is
described in Table 1 and Figure 2.
Forest in Nusapati village is a secondary forest.
Secondary forest is a forest that has been degraded due to
human activity and others. The tropical forest degradation
was not only clearing a large area of forests (i.e. with
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selective logging), but the altering and replacing of old
growth forest also happened speedily (Foley et al. 2007).
The topography was slope to steep. The type of land was
peatland. Main vegetation in the secondary forest was
dominated by a few tree, pole, and sapling level tree
growth and shrubs fern, grasses were found scattered.
Some prominent species found were mangium (Acacia
mangium), empahong (Adenanthera pavonina), terentang
putih
(Campnosperma
squamatum),
gerunggang
(Cratoxylum glaucum), rubber tree (Hevea brasilliensis),
mensire (Ilex cymosa), mahang (Macaranga pruinosa),
jonger (Ploiarium alternifolium), and ubah jambu
(Syzygium zollingerianum). The composition of species in
secondary forest in Nusapati village are similar with
species diversity on peatland degraded forest (Astiani
2016).
Community forests are planted mostly on land with
clear proofs of ownership in some form (Nugroho et al.
2013). Community forests in Nusapati village was funded
by the government. In this land use, forest farmers
commonly planted agarwood (Aquilaria malaccensis),
jabon (Anthocephalus cadamba), mahogany (Swietenia
mahagoni) and a small number of fast-growing trees such

as mangium (Acacia mangium). Beside the trees that are
made available by the government, the forest farmer also
planted banana (Musa paradisiaca), sawo kecik
(Manilkara kauki), durian (Durio zibethinus), petai (Parkia
speciosa), kedondong (Spondias dulcis) and rubber tree
(Hevea brasilliensis).
The 15 most common plants are planted in people’s
forest gardens. Pineapple (Ananas comosus), coconut
(Cocos nucifera), and banana (Musa paradisiaca) are
present in all forest farmer’s gardens. Nangka (Artocarpus
teysmannii), durian (Durio zibethinus), manggis (Garcinia
mangostana), mango (Mangifera indica), langsat (Lansium
parasiticum), rambutan (Nephelium lappaceum), petai
(Parkia speciosa), rubber tree (Hevea brasilliensis) and
sawo kecik (Manilkara kauki) are other common plants
which are recorded from more than 90% of the gardens.
While starfruit (Averrhoa carambola), cocoa tree
(Theobroma cacao), sweet potato (Ipomoea batatas), and
cassava (Manihot utilissima) are the other common plants
found in one’s garden. Pineapple, coconut, and banana are
the most dominant and important species in the gardens of
Nusapati community.

Figure 1. Location of Nusapati Village, Sungai Pinyuh Sub-district, Mempawah, West Kalimantan, Indonesia
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Table 1. The identification of the forest that is managed by community of Nusapati Village, Sungai Pinyuh Sub-district, Mempawah,
West Kalimantan, Indonesia
Land type

Characteristics
Main vegetation
Acacia mangium Willd,
Adenanthera pavonina Lam
Campnosperma squamatum Ridl
Cratoxylum glaucum Korth.
Hevea brasilliensis Will ex a.Juss,
Ilex cymosa Blume
Macaranga pruinosa (Miq.) Muell.arg
Ploiarium alternifolium (vahl) Melch.
Syzygium zollingerianum (miq.) Ams.

Forest

Topography
Slope-steep

Patterns
Heterogenous

Community forest

Flat-slope

Agroforestry

Acacia mangium Willd,
Aquilaria malaccensis Lamk,
Anthocephalus cadamba Miq,
Swietenia mahagoni (L.) Jacq.,
Hevea brasilliensis Will ex a.Juss
Musa paradisiaca (L.) Kuntze,
Manilkara kauki (L.) Dubard,
Durio zibethinus Murr,
Parkia speciosa Hassk
Spondias dulcis Forst.

Forest garden

Flat-steep

Agroforestry

Ananas comosus (L.) Merr.
Artocarpus teysmannii Miq.
Averrhoa carambola L.
Cocos nucifera L.
Durio zibethinus Murr.
Garcinia mangostana L.
Ipomoea batatas L. (Lam)
Lansium parasiticum (Osbeck) K.C. Sahni & Bennet
Musa paradisiaca L.
Manilkara kauki (L.) Dubard
Mangifera indica L.
Manihot utilissima Pohl.
Nephelium lappaceum L.
Parkia speciosa Hassk.
Theobroma cacao L.

A

B

C

Figure 2. The community forest management on Nusapati Village, Mempawah District, West Kalimantan, Indonesia. A. Secondary
forest, B. Community forest, and C. Forest gardens

Social capital on community forest management
Networks
Nusapati community network is based on kinship. This
is because almost all people in the village of Nusapati come
from one tribe or the same lineage, the Malays and

Buginese people. In terms of the daily life, the villagers of
Nusapati live in grouping settlement patterns. People live
in group, within one house to another rather far apart that it
does not relieve the concern among them, because the
people next to the house or the neighbors also play a role in
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protecting and overseeing all things around the house. The
activities of community forest management also got the
participation of several people as neighbors and brothers in
the form of supervision in maintaining the forests that they
manage. Based on the level of participation of friends and
family in the management of public forests, the result is
said to be quite high.
Nusapati community network properties are identified
from two factors: formal and informal factors. The
Nusapati community was aware that the wider network of
people involved in community forest management, the
forest management will be better. The characteristics of
community networks tend to be informal since the basis of
the Nusapati community was farmer groups. Based on the
characteristics of the network society, Nusapati village is
divided into some hamlets and every hamlet have a
diversity of races and cultures, but in the daily life, they
live in harmony and peace.
Nusapati community, particularly, the forest farmers
groups also establishes good relationships with external
group. Usually, the good relationship is maintained by
selling the forest products. In addition, the groups also
establish good relationships with external parties such as
NGO. NGO has a role in community development through
supervising every activity undertaken by the people in this
community and exchanging information so that the
reciprocity occurred. The people of the community is fully
aware of the role of the other party because their help
motivates the people of the village of Nusapati community
to make forest management more successful. Since the
relationship has existed for a long time, the community
forest management goes well and there are a lot of
information exchanges for one to the other.
Norms
Social norms are a set of written and unwritten rules
agreed upon by the members within a group to control the
behavior of all members of the community. According to
Hasbullah (2006) social norms have a consequence on
behavior that the one who does not comply with the norms,
it causes him/her exposed to sanctions. In this research, the
understanding of the norms can be seen in Table 2.
Not all community members understand the rules. Only
83.29% respondents understand unwritten rules about the
management of community forest and 16.1% did not
understand. 100% respondents didnot understand about
written rules because until now, all of the respondents
didn’t know about the written rules.
Toward the applicable rules in the management of
community forest, all respondents (100%) claimed that
they did not break the rules. Most of the respondents
(90,3%) assumed that the members of other communities
were still totally obedient to the rules, no offense has
occurred, only 9,7% assumed that there were once a breach
of rules by the others society but rarely. It can be seen
clearly in Table 3.
Trust
There were three kinds of faith which were reviewed.
First, the faith that the community forest must be

maintained. Second, the faith that the existing rules were
effective to manage the community forest sustainably.
Third, the faith that besides themselves, there were other
communities who also abide the rules of community forest
management.
Respondents have knowledge about the benefits of
community forests and believe that community forests
provide great benefits for them. All the respondents believe
that community forests provide benefits for life. When the
forest does not exist then the sustainability of their lives
will be disrupted. They believe partly based on (and upheld
by) their life experiences which have already made many
benefits from the presence of the forest, while the others
are based on expectations, parents and community leaders
advice, and customs that exist in society.
The community also believes that unwritten rules can
serve to preserve the community forest, with 100% level of
trust. Against written and formal rules (rules of
government), 100% of respondents distrusted the
effectiveness of the rules written to preserve the forest. The
level of faith in the function of the unwritten rules (rules,
values, indigenous knowledge) to manage forest resources
sustainably was higher than the written and formal rules.
This is because the prevailing rules are more hereditary and
internalized in society. While the written and formal rules
are drawn up by the government and have not been
internalized as the values needed to be recognized,
respected and used as guidelines for the action of its
citizens, and they have not been proven to work to manage
and to conserve the forest.
Table 2. Understanding about the norms in community forestry
management
Understanding
for
Unwritten rules
Written rules

Not
understand
16.1
100

% Understanding
Please
Understand
understand
83.29

Table 3. Percentage the infringement
Infringement of

% Infringement
Frequent
Rare

Individual
The others

9.7

Never
100
90.3

Table 4. Level of trust
Trust for
Forest benefit
Written rules
Unwritten rules
Obedience and ability to
keep the community forest
Ability to work together
Ability to maintain the
relationship
Another stakeholders

Believe
100

% of Trust
Doubt
Disbelieve
100

100
100
100
100
100
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In compliance with the rules, someone can be weakened
or strengthened by the adherence of others to these rules.
Therefore, it is important to review that individual trust
others in abiding the rules. The level of faith of respondents
that other community members can abide the rules and the
rules are able to preserve the forest is 100%. The level of
trust of respondents that other community members can
comply rules and is able to conserve forests is reinforced
by the level of confidence that citizens can cooperate in
conserving the forest. The level of trust of respondents in
all aspects is 100%, which briefly can be seen in Table 4.
Discussion
Our analysis presents some evidence that social capital
influences the condition of the community forest
management. Forest farmer group has the important role in
forestry development in Indonesia, namely as the main
actor. This was due to the situation of farmer forest group
(which tended to be negative), such as: (i) mostly groups
were created through bottom-up process; (ii) groups were
developed based on project oriented; (iii) some groups
were non-self-supporting groups; (iv) many groups were
collapsed after the projects were finished; (v) there was less
effort for increasing farmer forest groups’ capacity.
Increasing the attention to the social capital of farmer forest
group will reduce the aforementioned condition and
situation and transforming to increase farmers livelihood.
This study shows that levels of community social
capital can differ, depending on which aspect is under
consideration. Social network measures indicate relatively
high levels of social capital. From the Nusapati examples,
and many others, it can be seen how networks and
organization play a vital role in helping people to improve
their livelihoods, to mobilize assets, and to defend them. At
the same time, they often give an idea for people to discuss,
have a conversation with people, enjoy the interaction,
question, etc. Thus, They add to the quality of life above
and beyond their simple impact on income. Social
networks help to increase the productive efficiency of
society. As Arrow (2000) states, there seems to be
widespread consensus on the plausibility of the hypothesis
that social networks can affect economic performance.
Most simply, it is argued that better-connected people
enjoy higher returns. Social networks may guard against
coordination failure and prevent information gaps between
groups. The idea of social networks is to patch the holes
between individuals or groups so that information flows
smoothly and at minimum cost (Nepal et al. 2007).
Furthermore, the quality of network also has a role to play.
It is similar to what happened in forest management in
Nepal, that social networks that are directly related to the
conservation activity have a positive and significant impact
on the number of trees planted, while social networks that
are not directly related exhibit a kind of indifference to tree
planting. It means that networks and affiliation are found to
be important.
Norms, common rules, and sanctions are the mutually
agreed upon or handed-down norms of behavior that ensure
group interests are complementary with those of
individuals. These are sometimes called the rules of the

553

game (Ostrom 1990) or the internal morality of a social
system (Coleman 1988). Rules and sanctions give
individuals the confidence to invest in the collective good,
knowing that others will also do so, and sanctions ensure
that those who break the rules know they will be punished.
Trust is an element of social capital which also builds
solidarity. Mutual trust thus arises within a social group
when a high level of subjective probability is associated
with individuals. High level of mutual trust invites
community members to follow the rules of the community,
because everyone anticipates that the others will do the
same. With the higher level of trust, the governance costs
can also be lower. Sometimes, trust is a choice, in another
time it reflects a necessary dependency based on
established contacts or familiar networks. Trust is an
instrumental idea as trust involves an expectation of
‘regular, honest, and cooperative behavior, based on
commonly shared norms’ (Fukuyama 1995). In the case of
Nusapati, the level of trust is high, it is one of the supports
for the forest farmer groups to continue their private forest.
As compared to the case in Nepal, the lack of trust is
identified as a factor that inhibits the exercise of power in
community forest user groups and hinders the sustainability
(Nepal et al. 2007). However, trust is an important factor
and deserves to be examined in detail in further research
about community forests (Lachapelle et al. 2004). With the
absence of trust, an attempt to reach a common goal may
fail.
Community forest program that developed by the
government is most effective in enhancing social capital
when they view forest farmer groups as producers and not
as clients by providing more autonomy and facilitating with
the participatory framework. The forest farmer groups are
the community-based civil society organizations which
have been provided autonomy by the government making
them responsible for protecting the forest and promoting its
sustainable use.
Putnam’s definition sees social capital as a distinct form
of ‘public good” with an effect on economic and political
performance at collective level (Putnam 1993). Applying
his idea to community forestry, management of forest
resources would be a shared vision of the community
members in a collective manner through which they expect
the economic and political benefits or the common good. The
shared vision is the collective goals of a group, organization
or in this case, a community. The shared vision is a
construction relating on how members of the group
envision themselves as part, and what common goals are
shared.
The significance of social capital in application to
resource management, in this case community forest,
should be taken that capability of social capital is not
overrated. Standalone social capital is not a sufficient
factor for change. Social capital helps in shaping policy but
another important dimension is that the policy also helps to
generate social capital. Social capital is not just shapes of
policy but the relation is in both ways, because in some
countries where there is a weakness in state structures
politics, it naturally obstructs the productive usage of social
capital (Triglia 2001). So, having an adequate government

B I O D I V E R S I T A S 18 (2): 548-554, April 2017

554

policy in place is very important in order to benefit the
most of the existing social capital in the community.
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Abstract. Hartati S, Nandariyah, Yunus A, Djoar DW. 2017. Cytological studies on black orchid hybrid (Coelogyne pandurata
Lindley). Biodiversitas 18: 555-559. Black orchid (Coelogyne pandurata Lindley) is one of the rare species of Coelogyne Lindley,
protected by the government of Indonesia. The cytological character of orchid is very important to study to support the success of
breeding. The study aimed to assess the chromosomal number, karyotype pattern and ploidy level the hybrid of Black Orchid
(Coelogyne pandurata). This study shows that the chromosomal number of the hybrid of Coelogyne pandurata (2n = 36) >< Coelogyne
rumphii (2n = 72) is 2n = 54. Ploidy analysis by flow cytometry shows that hybrid shows triploid (2n = 3x = 54) different from the
parent Coelogyne pandurata which is diploid (2n = 2x = 36) and the parent Coelogyne rumphii which is tetraploid (2n = 4x = 72).
However, both parents and their hybrid performed the same karyotype pattern, which is metacentric. The chromosome size showed a
variation in length from the longest Coelogyne pandurata 2.98 ± 0.15 µm to the shortest Coelogyne rumphii 2.24 ± 0.15 µm. The
hybrids have a range of 2.50 ± 0,10 µm to 2.85 ± 0.10 µm. Karyotype patterns of black orchid (C. pandurata), C. rumphii and the hybrid
is metacentric.
Keywords: Chromosome, cytology, Coelogyne, flow cytometry, ploidy

INTRODUCTION
One of the rare species of Coelogyne Lindl., protected
by the government of Indonesia is black orchid (Coelogyne
pandurata Lindley). This species of orchid, naturally found
in eastern Kalimantan, is very exciting with the characters
of large green flowers with a black tongue protruding from
its center. The black color is a rare trait needed by experts'
cruciferous plant breeding to produce new shades of color
more attractive interest. Therefore, this orchid has high
economic value because of its potential as a valuable
holding crosses. However, the existence of black orchid is
currently being endangered and now hard to find even in its
native habitat, so the saving cultivation should be done
before extinction occurs. Coelogyne orchid others include
Coelogyne rumphii which have small yellow flowers with
brown tongue. Orchid plants are plant species that have a
very large diversity of phenotypes. Kinship was based
phenotypic analysis of a number of appearances on the
phenotype of an organism. Phylogenetic relationship
between two individuals or populations can be measured by
the number of characters in common with the assumption
that different characters are caused by differences in
genetic makeup.
The introduction of natural orchid character based on
cytology would strongly support the success of orchids
plant breeding. However, research on natural orchid plant
cytology is very rarely done. Orchids are a diploid number
of chromosomes, one pair of chromosomes consists of two
sets of homologous chromosomes. Therefore, variations in
the number of chromosome sets (ploidy) in the bark of

plants included in the group euploidy, which state that the
number of chromosomes is observed from a living creature
is a multiple of the number of chromosomes essentially.
Differences chromosome generally describes the genetic
and protein differences in the content of an individual. The
main variations that can be observed that the absolute size
or length, morphology, the relative size and number of
chromosomes. Individuals within a species have the same
chromosome number but different species in a single genus
have different numbers of chromosomes. The shape, size
and number of chromosomes of each species are always
fixed, so it can be used for the purpose taxonomy, knowing
diversity, kinship and the evolution although in certain
circumstances also occur variation.
Based on the above the writer is interested in conducting
research on identification of Black Orchid (C. pandurata)
and C. rumphii as the parents and their F1 hybrid based on
cytological characters in Laboratory Research Center for
Biology LIPI, Bogor Indonesia. The objectives of this
research were to: (i) determine the chromosome numbers,
shape, size, karyotype pattern and the ploidy level of Black
Orchid (C. pandurata) and C. rumphii as the parents and
their F1 hybrid. The results give direct evidence of genome
homology between the parental species.

MATERIALS AND METHODS
Plant material
Coelogyne pandurata and Coelogyne rumphii were
taken from the living a collection of Bogor Botanical
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Garden, Indonesian Institute of Sciences (LIPI), Bogor,
West Java, Indonesia and hybrid from C. pandurata >< C.
rumphii were produced by hand pollination. The plants of
interspecific F1 hybrids were cultivated in the Laboratory
of Tissue Culture, Faculty of Agriculture, Sebelas Maret
University, Surakarta, Central Java, Indonesia. This
research was conducted in the Cytology and Genetics
Laboratory, Research Center for Biology, Indonesian
Institute of Sciences, Bogor, West Java, Indonesia.
Chromosome preparation
Chromosome analysis of the parent orchid and their
hybrid was taken using the root tips. Calculation of the
number of chromosomes, carried out at the Research
Center for Biology LIPI Bogor Indonesia, was done based
on the method of Manton (1950). Pieces of roots are
soaked in a solution of 0.002 M 8 - Hydroxyquinoline at ca
4°C for 3-5 hours and then fixed in 45 % acetic acid for 10
minutes. They were macerated in a mixture of 1 N HCl and
45 % acetic acid (1:3) at 60°C for 1-5 minutes and then
stained with 2 % aceto-orcein by the usual squash method.
After that piece meristem pressed on object glass and then
observed under a microscope with a magnification x 1000
for the calculation of the number of chromosomes. The
plates were considered for the karyotype analysis in each
species in the present investigation Chromosome size can
be determined by measuring the length of the chromosome
arm. The chromosome shape was established on the
recommendation for varying values of r (Ciupercescu et al.
1990).
Ploidy analysis was conducted using a space CyFlow ®
(Partec GmbH) equipped with a diode pumped solid - state
laser 920 mW) at a wavelength of 488 nm and a laser diode
at a wavelength of 638 nm (25 mW). Leaf pieces (0.5 cm2)
chopped using a razor blade in a petri dish containing 250
mL of extraction buffer. After 30-90 seconds of extraction
buffer was filtered using a Partec 30 mL Cell Trics filters.
Using PI staining buffer (propidium iodide) and RNase (1
ml), incubated for 30 min and then analyzed by a flow
cytometry before. As used control Coelogyne 2n = 36. The
observed variables include the number, size and shape of
the chromosome, karyotype pattern and the ploidy level.
The data were analyzed descriptively.

RESULTS AND DISCUSSION
In plant taxonomy, chromosome observation is very
important. The number of chromosomes is cytological
characters most easily observed when compared to other
chromosomal characteristics such as size and shape of
chromosomes. The composition can be used to determine
the karyotype chromosomal aberrations both in total and
chromosome structure that occurs at the time of cell
division and with abnormalities that occur in the anatomy,
morphology, and physiology of a living being.
Chromosome analysis showed a cross between
Coelogyne pandurata and Coelogyne rumphii produce
different numbers of chromosomes between the elders and
the individual F1 crosses results. This study shows that the

parent C. pandurata has a chromosomal number of 2n = 36
and the parent C. rumphii has a chromosomal number of 2n
= 72. The hybrid of the cross of C. pandurata >< C.
rumphii has a chromosomal number of 2n = 54 (Table 1
and Figure 2). This study is in line with the previous
research done by Balanos-Villegas et al. (2008). They
found that the hybrid Doritaenopsis had a different number
of chromosome (2n = 72) with the parent of Phalaenopsis
sp (2n = 38). Davina et al. 2009 explain the chromosome
studies in Orchidaceae vary chromosome number from
genus level, at genus Oncidium the eight Oncidium species
analyzed showed 2n = 108 (Oncidium bifolium Sims.), 2n =
56 (O. divaricatum Lindl., O. fimbriatum Lindl., O.
longipes Lindl. and O. riograndense Cogn.), 2n = 42 (O.
edwallii Cogn. and O. longicornu Mutel.) and 2n = 84 (O.
pubes Lindl.) and also reported that the chromosomal
number of 19 orchids being studied varied from the lowest
of 2n = 26 Eltroplectris schlechteriana to the highest of 2n
= 108 Catasetum fimbriatum. Furthermore, Ramesh and
Renganathan (2013a) reported that from five species of
Coelogyne spp., in all other species studied in the present
report of chromosome numbers are in correlation with
those of earlier reports such as C. corymbosa 2n = 26 and
C. fimbriata 2n = 22. The first records of chromosome
number have been made in 3 species namely, C. barbata 2n
= 18, C. breviscapa 2n = 32 and C. cristata 2n = 26. Most
of the species of chromosome should have been originated
by aneuploidy. In studies Cox et al. (1998) the number of
chromosomes Genus Paphiopedilum, i.e. sect. Barbata 2n
= 28-42, sect. Pardalopetalum 2n = 26, sect. Coryopedilum
2n = 26, sect. Cochlopetalum 2n = 32-37, sect.
Brachypetalum 2n = 26, sect. Parvisepalum 2n = 26, Genus
Phragmipedium 2n = 18-28, Genus Cypripedium 2n = 20.
Genome analysis provides valuable information about
species relationship and therefore, plays an important role
in plant breeding program. The number and form of
chromosomes in each cell plant species are fixed. Each cell
has a characteristic number of chromosomes and each
chromosome in one species also has a distinctive structure.
Consistency chromosome widely used by taxonomists to
help solve problems related to plant morphology. Levels
can ploidy affect the size of the growth rate, plant, stress
tolerance and other important agronomic characteristics
(Ferchichi et al. 2006; Walker et al. 2006).
Begum and Alam (2005) showed that of the seven
species of orchids being observed, four species had the
chromosome number of 2n = 38, karyotype patterns in
species Peristylus constrictus, Luisia grovesii, Sarcanthus
appendiculatus and Rhynchostylis retusa. While, three
other species had the number of chromosomes with
different patterns of karyotype is Oberonia iridifolia 2n =
30, Pholidota pallida 2n = 40, and Phaius tankervilleae 2n
= 52. The species of the orchid family has 2n = 20
chromosomes, namely, Gastrochilus indicus and
Bulbophyllum atropurpureum diploid, having somatic
chromosome 30 that was Eulophia epidendrea, Malaxis
versicolor and Oberonia verticillata as triploid, somatic
chromosome 40 Coelogyne ovalis, Eria reticosa and
Spathoglottis plicata as tetraploids, species diploid, triploid
and tetraploid species were an example for euploids. Eria
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pauciflora (2n = 38), Habenaria grandifloriformis (2n =
22), Habenaria rariflora, (2n = 42), Habenaria viridiflora
(2n = 22), Luisia birchea and (2n = 38), Nervilia plicata
(2n = 24) all this species as aneuploids (Ramesh and
Renganathan 2013b). In studies Skarma et al. 2010 the
number of chromosomes in all three species genus
Cymbidium i.e. C. hookerianum, C. eburneum and C.
mastersii 2n = 40.
Orchids usually have metacentric shaped chromosomes.
The Ramesh and Renganathan (2013a) states that orchids
generally have shaped metacentric chromosomes. The
results of this study confirmed that all observed orchids
have metacentric chromosome. This study showed that C.
pandurata has the longest chromosome, 2.98 ± 0.15 µm
with length ratio 1,26 ± 0,12 µm, while C. rumphii has the
shortest chromosome, 2.24 ± 0.15 µm with length ratio
1,40 ± 0,13 µm. The hybrid of male C. pandurata × female
C. rumphii has a length of 2,85 ± 0,14 µm, and the hybrid
of female C. pandurata × male C. rumphii has a length of
2,50 ± 0,10 µm with length ratio 1,08 ± 0,05 µm to 1,23 ±
0,07 µm. Genome size can affect the cellular parameters,
such as cell size, and nucleotypic effects can have an
impact on important characteristics such as growth and
yield (Turpeinen et al. 1999; Walker et al. 2006). Truta et
al. (2013), states that the karyotype with metacentric and
submetacentric chromosome types are considered primitive
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and least developed, because they are not supported
restructuration and significant genetic rearrangements
during evolution. Jorapur and Kulkarni (1980) reported
detailed karyological studies in a few members of
Orchidaceae. The trend toward karyotype asymmetrization
by increasing the number of telocentric chromosomes is a
progressive step in the evolution of karyotype and have an
impact on the evolution of species. Phylogenetic analyses
(Pinheiro et al.,2009) indicated that Epidendrum fulgens
and E. puniceoluteum are closely related species with
divergent karyotype and chromosome numbers (2n = 2x =
24 and 2n = 4x = 52, respectively.
Analysis of flow cytometry
In addition to observing the number, shape, and size of
chromosome ploidy analysis was also performed by flow
cytometry analysis to support the results of cytology. Based
on the histogram (Figure 3 and Table 1) C. pandurata had
2x ploidy level (diploid) so that the chromosome number of
2n = 2x = 36, C. rumphii have 4x ploidy level (tetraploid)
so that the chromosome number of 2n = 4x = 72 and the
hybrid has a 3x ploidy level (triploid) so that the number of
chromosomes 2n = 3x = 54, then the results of flow
cytometry analysis to supplement the results of cytological
analysis.

A

B

Figure 1. The flower of Coelogyne from Bogor Botanical Garden, Indonesia in 2012. A. Coelogyne pandurata, B. Coelogyne rumphii

Table 1. Chromosome number, karyotype and ploidy Coelogyne pandurata and Coelogyne rumphii
Orchid
C. pandurata
C. rumphii
Hybrid (♀C. rumphii x ♂C. pandurata)
Hybrid (♀C. pandurata x ♂C. rumphii)

Chromosome
( 2n)
36
72
54
54

Total chromosome
length (µm)
2.98 ± 0.15
2.24 ± 0.15
2.85 ± 0.14
2.50 ± 0.10

Length ratio
(µm)
1.26 ± 0.12
1.40 ± 0.13
1.08 ± 0.05
1.23 ± 0.07

Ploidy
level
2x
4x
3x
3x

Centromere
position
metacentric
metacentric
metacentric
metacentric
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Figure 2. Karyotype of black orchid hybrid (Coelogyne pandurata Lindley). A. C. pandurata (n = 36), B. C. rumphii (n = 72),
C. Hybrid ♀ C. pandurata x ♂ C. rumphii (n = 54), D. Hybrid ♀ C. rumphii x ♂ C. pandurata (n = 54)

A

B

C

D

Figure 3. The peak position from Flow Cytometry of black orchid hybrid (Coelogyne pandurata Lindley.). A. C. pandurata (2x), B.
C. rumphii (4x), C. Hybrid ♀ C. pandurata x ♂ C. rumphii (3x), D. Hybrid ♀ C. rumphii x ♂C. pandurata (3x)

This study showed that the change in ploidy level of the
hybrid from the parents. The parent C. pandurata was
diploid and the parent C. rumphii was tetraploid and the
cross of both parents generated the hybrid which was a
triploid. This result indicates that there may appear new
character in the hybrid. According to research Travnicek et
al. (2012) of the species Gymnadenia among this sample
was found five different ploidies (2x, 3x, 4x, 5x, and 6x)
and Travnicek et al. (2011) notice in the previous note that
these cytotypes known as tetraploid, hexaploid, octoploid,
etc. This result also in line with the research of Aoyama et
al. (2013) which states that the results of a cross from the
parent in the ploidy level 2n = 2x = 44 and 2n = 4x = 88
obtained the hybrid of the ploidy level 2n = 3x = 66.
Moreover, in the study by Lee et al. (2011) on
Paphiopedilum orchids and hybrid, the parents P. delenatii,
P. micranthum, P. bellatulum, P. rothschildianum which all

had 2n = 26, P. callosum had 2n = 29 and P.
glaucophyllum had 2n = 1, the hybrid of P. delenatii >< P.
micranthum had 2n = 26, P. delenatii >< P. bellatulum 2n
= 26, P. delenatii >< P. rothschildianum had 2n = 26,
P..delenatii >< P. callosum had 2n = 29, P. delenatii >< P.
glaucophyllum had 2n = 31. Balanos-Villegas et al. (2008)
also explain that the cross of Doritaenopsis sp. and
Phalaenopsis sp. generated the hybrid Doritaenopsis IHsin Purple Jewel with ploidy level 2n = 3x = 57.
In conclusion, a chromosomal number of black orchid
(Coelogyne pandurata) is 2n = 36, Coelogyne rumphii was
2n = 72 and the hybrid was 2n = 54. Karyotype patterns of
black orchid C. rumphii, C. pandurata and the hybrid was
metacentric. Ploidy level of hybrid from the cross of
diploid C. pandurata and tetraploid C. rumphii was
triploid.
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Abstract. Ng CKC, Abdullah F, Biun H, Ibrahim MK, Mustapha S, Sade A. 2017. Review: A working checklist of the freshwater fish
diversity for habitat management and conservation work in Sabah, Malaysia, North Borneo. Biodiversitas 18: 560-574. Prioritization of
freshwater habitat management and conservation is dependent on the availability of species baseline information at regional level.
However, such information has not been updated since 2002 in Sabah. Thus the objective of this paper is to present the latest working
checklist of freshwater ichthyofauna known so far in the state. A literature review of 68 studies was conducted focusing on the latest
valid binomial nomenclature, locality and conservation status. A total of 166 valid species, namely 150 native species and 16 introduced
species, were deduced from the literature. Native species comprised of 10 orders, 27 families and 75 genera while introduced species
were from four orders, seven families and 14 genera. The review revealed 103 species (68.6% of native species) were yet to be assessed
for the IUCN Red List and 11 species (7.3%) were identified as Data Deficient by IUCN. Some taxonomic discrepancies were also
found and discussed. Many areas in Sabah remain poorly inventoried due to unequal sampling effort, biophysical and cultural
challenges. The species list proposed herein is tentative at best and the number of species is expected to increase as more surveys are
conducted in the near future.
Keywords: Borneo, checklist, freshwater fish, Sabah, taxonomy

INTRODUCTION
Biological management and conservation demands
precision. A species checklist reflects this precision by
providing clarity at a glance, clearly and simply. In the
context of ichthyology, a checklist is important for
recording, analysing and assessing fish species diversity
and distribution as biological units. It helps the
ichthyologist, biologist and ecologist determine the
likelihood of a species’ presence or absence at a particular
region. Moreover, a checklist is concise but dynamic
enough to quickly indicate the various taxonomic changes
over time. The changes may also encompass the
establishment of introduced species, and whether native
species have become threatened or extinct.
Unfortunately, in the case of Sabah in Malaysia, the
discipline of ichthyology has somewhat stagnated. Due to a
lack of local interest in fish taxonomy, species accounting
in Sabah is still very much in discovery phase (Chong et al.
2010). The freshwater ichthyofauna of Sabah was first
comprehensively enumerated by Inger and Chin (1962).
Since then, an update was published (Inger and Chin 2002)
to highlight some new and introduced species. Thereon, no
author has made any further attempt to consolidate or
update the inventory list although various taxonomic
revisions have occurred from the latest morphological and

molecular studies.
This has arguably restrained the progress of sound
conservation plans for freshwater fishes although their
habitats are of grave concern. There were some
ichthyofaunal studies in Sabah involving some particular
rivers, streams and lakes. The most outstanding study done
so far was in Danum Valley (Martin-Smith and Tan 1998)
where 47 species in 12 families were revealed. However,
none was focused on fish diversity of Sabah as a whole.
Many studies have suggested that Sabah shared a
similar but less diverse ichthyofauna composition as
Malaysian Sarawak, Indonesian Kalimantan and to a
certain extent Indonesian Sumatra and Java island
(Zakaria-Ismail 1994; Yap 2002; Lohman et al. 2011;
Sulaiman and Mayden 2012). This is to be expected
knowing that the Borneo island shares the Sundaic
palaeoecological history with neighbouring land masses
(Lohman et al. 2011; Sulaiman and Mayden 2012).
Since we know that the Borneo Island is considered one
ichthyofauna biogeography, we can expect that the Sabah's
fish diversity would be somewhat similar to other regions
in the 745,567 km2 island. Roberts (1989) reported a total
of 263 species of 40 families and 120 genera were
encountered in Kapuas watershed, West Kalimantan, and
Atack (2006) suggested that Sarawak's species count stands
at 254. Inger and Chin (2002) postulated that 168 species
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can be found in Sabah. As Sabah is smaller in size than
Sarawak and Kalimantan, thus we can assume that the
species count may not be more than these regions.
Given more than a decade of scientific quiescence with
regards to state-wide ichthyofaunal inventory, an up to date
checklist is not only timely, but also necessary to revive the
fish taxonomy and systematics discipline in the state. This
is also in line with the Malaysian National Biodiversity
Policy and Plan 2016-2025 and Sabah Biodiversity
Strategy 2012-2022 in fulfilling pledges made to the
Convention of Biological Diversity (CBD). A
comprehensive study has explicitly stressed that
"freshwater species have been poorly studied" as a key gap
in establishing the appropriate Aichi Biodiversity Targets
in most countries (Leadley et al. 2011). Without a reliable
and updated species accounting foundation, any formal
pledges to CBD may not be met. Correspondingly, the
latest species taxonomic records and literature need critical
re-examination. Therefore this study is aimed at generating
an updated database of all possible valid species that may
occur in Sabah as a basis to set the path for subsequent
conservation work.

MATERIALS AND METHODS
Study area
Sabah is a state in the country of Malaysia located in
the northeastern part of Borneo Island (5° 25' 13'' N, 116°
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47' 48'' E) and the state occupies a land size of 73,371 km2,
or about 10% of Borneo island (Marsh and Greer 1992).
The state shares its border with the Malaysian state of
Sarawak in southwest and the Indonesian province of
Kalimantan to the south. It has a 1,743km coastline that
overlooks South China Sea in the west, the Sulu Sea in the
northeast and Celebes Sea in the west. Sabah experiences
monsoonal tropical climate with an average temperature of
32oC in lowland areas and 21oC in highland areas.
The state's freshwater habitats are typically affected by
two monsoon seasons, namely the Northeast Monsoon that
peaks between October to February and Southwest
Monsoon that prevails from April to August. Rainfall is
generally more frequent and intense during the Northeast
Monsoon. Thus, the state's principle hydrologic interest can
be divided into two areas, namely (i) rivers that are affected
by the Southwest Monsoon and flowing toward the west
coast (ii) rivers that are affected by the Northeast Monsoon
and flowing toward the east coast (Figure 1). At peak
monsoon period, most rivers are rendered café-au-lait
brown and turbid from siltation. Many rivers in eastern
Sabah possess the characteristics of geographically old
rivers which are depicted by meandering flow paths and
flanked by oxbow lakes. In contrast, the Crocker Range
mountainous region is considered geologically young and
thus correspondingly consists mostly of hill stream habitats
that are typically less complex. Surface water temperature
can range from 25oC in forest shaded rivers to 32oC in
rivers fully exposed to sunlight.

Malaysia

Figure 1. Major drainages that forms the hydrography of Sabah, Malaysia, North Borneo
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Method
We consulted the latest and previously published
articles, records and books on ichthyological studies in
Sabah. Species cited were also counter verified by voucher
specimen examination in the collections of Likas Fisheries
Research Center managed by the Department of Fisheries
Sabah. The spelling of scientific names and species validity
follows Kottelat (2013), Fishbase (Froese and Pauly 2016)
and California Academy of Science's Catalog of Fishes
(Eschmeyer et al. 2016). The family names, designation
and rank follow Van der Laan et al. (2014).
As the checklist is intended to be a master reference for
freshwater habitat conservation and management, we
consulted
the
IUCN
Red
List
website
(www.iucnredlist.org) to obtain the latest conservation
status of each species. The latest literature was examined
for identifying endemic and introduced species in Sabah.
As one of the key purposes of this paper is to drive more
inventory studies for place-based habitat management and
conservation fieldwork, species distribution is presented by
districts where the species were reportedly found by the
respective authors. Species associated with brackish
environment were excluded because the focus was on
species that reside strictly in freshwater.

RESULTS AND DISCUSSION
Working checklist
Our finding registered 166 valid species, with 150
native species and 16 introduced species. Native species
comprised of 10 orders, 27 families and 75 genera while
introduced species were from four orders, seven families
and 14 genera. A total of 36 species (24.0% of native
species) are listed as endemic and with 15 species,
Gastromyzon is evidently the most speciose genus. Table 1
and 2 outline the compilations of species occurrence in
Sabah based on the literature examination of 68 studies
listed under references. Species are presented by the latest
order, family, valid binomial nomenclature, distribution
and the corresponding IUCN status code at the time of this
study.
Conservation status
Based on IUCN categorization, a total of 103 species
(68.6% of native species) are yet to be assessed and 11
species (7.3%) are identified as Data Deficient (DD). This
implies that most species are poorly known or no data is
available to assess their extinction risk. Anguilla bicolor is
classified as Near Threatened (NT) while A. borneensis,
Acantopsis octoactinotos, Sundoreonectes sabanus and
Betta chini are identified as Vulnerable (VU). It is apparent
that species distribution and diversity is geographically
biased towards Kinabatangan (KI) and Lahad Datu (LD) as
these districts have recorded higher number of species due
to the exemplary work of Martin-Smith and Tan (1998) and

Inger and Chin (2002) while other districts remain
relatively under-surveyed.
Taxonomic issues
Some
discrepancies
among authorities
were
encountered during the production of the working
checklist. At the time of this writing, Fishbase has placed
Parhomaloptera
microstoma
(Boulenger,
1899),
Protomyzon aphelocheilus Inger and Chin 1962,
Protomyzon borneensis Hora and Jayaram, 1952,
Protomyzon griswoldi (Hora and Jayaram, 1951) and
Protomyzon whiteheadi (Vaillant, 1893) under the
Balitoridae family. However, Kottelat (2013) has stated
that these species to belong to the Gastromyzontidae
family. As such we have applied the same treatment.
Channa melasoma (Bleeker 1851) which was initially
recorded by Inger and Chin (2002) is not listed since
Courtenay and Williams (2004) highlighted that records of
this species in Sabah were misidentification of C.
baramensis. Crossocheilus cobitis (Bleeker, 1854)
recorded by Martin-Smith and Tan (1998) has been reidentified as Cr. elegans. Lobocheilos bo recorded by
Martin-Smith and Tan (1998) and Inger and Chin (2002)
has been resolved as Kottelat and Tan (2008) clarified that
species recorded in Labuk, Segama and Danum were L.
unicornis and L. erinaceus. Correspondingly, they
highlighted that species recorded in western Sabah should
be identified as L. ovalis. Betta unimaculata which was
recorded by numerous studies in the past is recognised as
B. ocellata (Tan and Ng, 2005).
Tor tambra (Valenciennes, 1842) itemized in our
checklist is still marred by convoluted taxonomic problems.
Currently, according to papers published by various
researchers interested in the Tor genus of Borneo, they
have treated Tor tambra, T. tambroides, T. douronensis and
T. soro as valid species (Nyanti 1999; Desai 2003; Atack
2006; Esa et al. 2006; Haryono 2006; Ingram et al. 2007;
Esa et al. 2008; Nguyen 2008; Esa et al. 2012). At time of
this writing, Fishbase recognizes Tor tambra,
T. tambroides, T. douronensis and T. soro while California
Academy of Science's Catalog of Fishes website recognizes
Tor tambra, T. tambroides and T. douronensis as valid
species. Roberts (1999) has proposed that T. soro should be
renamed to Neolissochilus soro and this is reflected in
California Academy of Science's Catalog of Fishes but not
Fishbase. Although sexually mature adults may display
silvery orange, pink, red or yellow scales and fins, Roberts
(1999) also suggested that only two species should be
recognized, namely T. tambra (with a short mental lobe)
and T. tambroides (with a long mental lobe).
Correspondingly, he cautioned that there is also a
possibility that they are both the same species. Moreover,
Roberts (1999) and Kottelat (2013) have not been able to
distinguish unique morphological markers between the two
species. Hence, following Kottelat (2013), we have decided
to only itemize one Tor species, Tor tambra.
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Table 1. List of native species with known distribution in Sabah, North Borneo
Authority

IUCN
status

Common
name/remarks

(Bleeker, 1851)

LC

Giant featherback BF

Inger and Chin 2002; Kottelat 2013

Family Anguillidae
Anguilla bicolor

McClelland, 1844

NT

TW

Inger and Chin 2002; Kottelat 2013

Anguilla borneensis

Popta, 1924

VU

Indonesian
shortfin eel
n/a

Anguilla marmorata

Quoy and Gaimard,
1824

LC

BE, LD, KI,
RA, SA, TO,
TW
Giant mottled eel KB, TE, TU,
TW

Martin-Smith 1998; Martin-Smith
and Tan 1998; Inger and Chin 2002;
Ahmad et al. 2006; Kottelat 2013
Inger and Chin 2002; Kottelat 2013

Roberts, 1981

n/a

n/a

KI

Inger and Chin 2002; Kottelat 2013

Spotted barb

Barbodes sealei

(Valenciennes, in
LC
Cuvier & Valenciennes,
1842)
Herre, 1933
n/a

BE, KB, KI,
KK, TA, TU,
TO, RA
BE, LD, KI,
KM, RA, SA,
TO, TW

Barbodes strigatus

(Boulenger, 1894)

n/a/Endemic

KU

Barbonymus balleroides

n/a

LD, KI, TO,
TW,

Barbonymus collingwoodii

(Valenciennes, in
n/a
Cuvier & Valenciennes,
1842)
(Günther, 1868)
n/a

n/a

LD, KB, RA

Crossocheilus elegans

Kottelat & Tan, 2011

n/a/Endemic

LD, KI

Cyclocheilichthys apogon

Beardless barb

SA, TW

Cyclocheilichthys repasson

(Valenciennes, in
LC
Cuvier & Valenciennes,
1842)
(Bleeker, 1853)
LC

Inger and Chin 2002; Sulaiman and
Mayden 2012; Sade and Biun 2012;
Kottelat 2013
Martin-Smith 1998; Martin-Smith
and Tan 1998; Inger and Chin 2002;
Sade and Biun 2012; Kottela, 2013;
Tan 2013
Inger and Chin 2002; Sulaiman and
Mayden 2012; Kottelat 2013
Martin-Smith 1998; Martin-Smith
and Tan 1998; Inger and Chin 2002;
Kottelat, 2013; Tan 2013
Inger and Chin 2002; Sulaiman and
Mayden 2012; Kottelat 2013
Kottelat and Tan 2011; Kottelat
2013
Inger and Chin 2002; Kottelat 2013

n/a

LD, KI, TO,
TW

Garra borneensis

(Vaillant, 1902)

n/a

n/a

BE, KB, KI,
KM, LD, TO

Garra robertsi
Hampala bimaculata

Thoni & Mayden, 2015 n/a
(Popta, 1905)
n/a

n/a
n/a

KM
KB

Order/Family/Species

Locality

References

ORDER
OSTEOGLOSSIFORMES
Family Notopteridae
Chitala lopis
ORDER
ANGUILLIFORMES

ORDER CLUPEIFORMES
Family Sundasalangidae
Sundasalanx microps
ORDER CYPRINIFORMES
Family Cyprinidae
Barbodes binotatus

n/a

n/a

n/a/Endemic

Martin-Smith 1998; Martin-Smith
and Tan 1998; Inger and Chin 2002;
Kottelat, 2013; Tan 2013
Martin-Smith and Tan 1998; Inger
and Chin 2002; Sade and Biun
2012; Sulaiman and Mayden 2012;
Kottelat 2013
Thoni and Mayden 2015
Kottelat et al. 1993; Inger and Chin
2002; Sulaiman and Mayden 2012;
Kottelat 2013
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Hampala macrolepidota

Kuhl & Van Hasselt,
1823

LC

Labiobarbus sabanus

(Inger & Chin, 1962)

n/a

n/a/syn. Hampala KI, LD
sabana Inger &
Chin, 1962
n/a/Endemic
KI, LD, RA

Leptobarbus hosii

(Regan, 1906)

DD

n/a

Leptobarbus melanotaenia

Boulenger, 1894

n/a

n/a

Lobocheilos erinaceus

Kottelat & Tan, 2008

n/a

n/a

Lobocheilos ovalis

Kottelat & Tan, 2008

n/a

n/a

Lobocheilos unicornis

Kottelat & Tan, 2008

n/a

n/a

Lobocheilos terminalis

Kottelat & Tan, 2008

n/a

n/a

Luciosoma pellegrinii

Popta, 1904

n/a

n/a

Nematabramis borneensis

Inger& Chin, 1962

n/a

n/a

Nematabramis everetti

Boulenger, 1894

n/a

n/a/Endemic

Nematabramis
steindachnerii
Osteochilus chini

Popta, 1905

n/a

n/a/Endemic

Karnasuta,1993

n/a

n/a/Endemic

BE, KI, LD,
TW

Osteochilus ingeri

Karnasuta, 1993

n/a

n/a

Osteochilus vittatus

Bonylip barb

Osteochilus waandersii

(Valenciennes, in
LC
Cuvier & Valenciennes,
1842)
(Bleeker, 1853)
LC

BE, KI, LD,
TO
BE, KB, LD

n/a

KI, LD, TO

Parachela ingerkongi

(Banarescu, 1969)

n/a

n/a

TW

Parachela oxygastroides
Paracrossochilus acerus

(Bleeker, 1852)
Inger & Chin, 1962

LC
n/a

Puntioplites bulu

(Bleeker, 1851)

DD

Bulu barb

KI, LD

Rasbora argyrotaenia

(Bleeker, 1849)

n/a

Silver rasbora

BE, KB, KI,
KM, LD

Rasbora einthovenii
Rasbora elegans

(Bleeker, 1851)
Voltz, 1903

n/a
LC

Brilliant rasbora
Twospot rasbora

LA, SA
TW

Inger and Chin 2002; Kottelat 2013

Martin-Smith and Tan 1998; Inger
and Chin 2002; Sulaiman and
Mayden 2012; Kottelat 2013
BF, KI, TE
Inger and Chin 2002; Sulaiman and
Mayden 2012; Kottelat 2013
LD, KI, KU, Martin-Smith 1998; Martin-Smith
TO, TW
and Tan 1998; Inger and Chin 2002;
Ahmad et al. 2006; Sulaiman and
Mayden 2012; Kottelat 2013; Tan
2013
LD
Martin-Smith and Tan, 1998;
Kottelat and Tan 2008; Kottelat
2013
BF
Kottelat and Tan 2008; Kottelat
2013
LD
Kottelat and Tan 2008; Kottelat
2013
KI
Kottelat and Tan, 2008; Kottelat
2013
KI, LD
Martin-Smith 1998; Martin-Smith
and Tan 1998; Inger and Chin 2002;
Kottelat 2013
KB, KI, LD, Martin-Smith 1998; Martin-Smith
RA, SA,
and Tan 1998; Inger and Chin 2002;
Kottelat 2013
BE, BF, KI,
Martin-Smith 1998; Martin-Smith
KM, KU, LD, and Tan 1998; Inger and Chin 2002;
SA, TO, TW Sulaiman and Mayden 2012;
Kottelat 2013; Tan 2013
KM, RA
Inger and Chin 2002; Kottelat 2013

TW
BE, KB, KE,
KI, LD, SI,
TA

Martin-Smith 1998; Martin-Smith
and Tan 1998; Inger and Chin 2002
Sulaiman and Mayden 2012;
Kottelat 2013; Tan 2013
Inger and Chin 2002; Sade and Biun
2012; Kottelat 2013
Inger and Chin 2002; Kottelat 2013

Martin-Smith and Tan 1998; Inger
and Chin 2002; Ahmad et al. 2006;
Kottelat 2013
Inger and Chin 2002; Kottelat 2013;
Tan 2013
Inger and Chin 2002; Kottelat 2013
Martin-Smith 1998; Martin-Smith
and Tan 1998; Nyanti, 1998; Inger
and Chin 2002; Sulaiman and
Mayden 2012; Kottelat 2013
Martin-Smith and Tan 1998; Inger
and Chin 2002; Kottelat 2013
Martin-Smith 1998; Martin-Smith
and Tan 1998; Inger and Chin 2002;
Kottelat 2013
Inger and Chin 2002; Kottelat 2013
Inger and Chin 2002; Kottelat 2013
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Rasbora hubbsi

Brittan, 1954

n/a

n/a/Endemic

KI, KM, LD,
TW

Rasbora myersi
Rasbora rheophila
Rasbora rutteni

Brittan, 1954
Kottelat, 2012
Weber & de Beaufort,
1916
Weber & de Beaufort,
1916

n/a
n/a
n/a

n/a
n/a
n/a

KI
KM, RA, SI
LD, TW

n/a

n/a

KI

Rasbora sumatrana

(Bleeker, 1852)

n/a

n/a

Schismatorhynchos
holorhynchos
Systomus rubripinnis

Siebert & Tjakrawidjaja, n/a
1998
(Valenciennes, in
n/a
Cuvier & Valenciennes,
1842)
(Valenciennes, in
DD
Cuvier & Valenciennes,
1842)

n/a

BE, KI, KK,
LD, RA, SA,
SE, TO, TU,
TW, TU
LD, KI, TO

Javaen barb

SA

n/a

KB, KE, KM, Martin-Smith and Tan 1998; Inger
LD, RA, SI, and Chin 2002; Kottelat 2013
TA, TE, TO

Family Cobitidae
Acantopsis octoactinotos

Siebert, 1991

VU

n/a/Endemic

KI, LD

Pangio anguillaris
Pangio mariarum

(Vaillant, 1902)
(Inger & Chin, 1962)

n/a
n/a

n/a
n/a

TW
KI, LD

Theriodes sandakanensis

(Inger & Chin, 1962)

n/a

n/a/Endemic

KI, SA

Family Balitoridae
Homalopteroides
stephensoni

(Hora, 1932)

n/a

n/a

LD, KI, TE,
TO

Family Gastromyzontidae
Gastromyzon aequabilis
Tan, 2006

n/a

n/a/Endemic

LD

Gastromyzon aeroides

Tan & Sulaiman, 2006

n/a

n/a

Gastromyzon auronigrus

Tan, 2006

n/a

n/a/Endemic

Gastromyzon borneensis

Günther, 1874

n/a

n/a/Endemic

Gastromyzon cornusaccus

Tan, 2006

n/a

n/a/Endemic

Gastromyzon danumensis

Chin & Inger, 1989

n/a

n/a/Endemic

Gastromyzon extrorsus

Tan, 2006

n/a

n/a/Endemic

Rasbora semilineata

Tor tambra

Kottelat et al. 1993; Martin-Smith
1998; Martin-Smith and Tan 1998;
Inger and Chin 2002; Sulaiman and
Mayden 2012; Kottelat 2013; Tan
2013
Inger and Chin 2002; Kottelat, 2013
Kottelat, 2012; Kottelat 2013
Inger and Chin 2002; Sulaiman and
Mayden 2012; Kottelat 2013
Kottelat et al. 1993; Inger and Chin
2002; Sulaiman and Mayden 2012;
Kottelat 2013
Martin-Smith 1998; Martin-Smith
and Tan 1998; Inger and Chin 2002;
Sade and Biun 2012; Kottelat 2013;
Tan 2013
Martin-Smith 1998; Inger and Chin
2002; Kottelat 2013
Inger and Chin 2002; Kottelat 2013

Siebert 1991; Martin-Smith and Tan
1998; Inger and Chin 2002;
Sulaiman and Mayden 2012;
Kottelat 2013
Inger and Chin 2002; Kottelat 2013
Martin-Smith and Tan 1998; Inger
and Chin 2002; Sulaiman and
Mayden 2012; Kottelat 2013
Inger and Chin 2002; Sulaiman and
Mayden 2012; Kottelat 2013

Martin-Smith 1998; Martin-Smith
and Tan 1998; Sulaiman and
Mayden 2012; Kottelat 2013;

Tan 2006; Sulaiman and Mayden
2012; Kottelat 2013
KE, SI, PE
Tan 2006; Sulaiman and Mayden
2012; Kottelat 2013
KM
Tan 2006; Sulaiman and Mayden
2012; Kottelat 2013
KB, KI, KM, Inger and Chin 2002; Tan 2006;
KU, RA, SI, Sulaiman and Mayden 2012;
TA
Kottelat 2013
KM
Tan 2006; Sulaiman and Mayden
2012; Kottelat 2013
LD, TO
Martin-Smith and Tan 1998; Inger
and Chin 2002; Ahmad et al. 2006;
Tan 2006; Sulaiman and Mayden
2012; Kottelat 2013
PA, PE
Tan 2006; Sulaiman and Mayden
2012; Kottelat 2013
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Gastromyzon ingeri

Tan, 2006

n/a

n/a/Endemic

TW

Gastromyzon introrsus

Tan, 2006

n/a

n/a/Endemic

KE, TE

Gastromyzon lepidogaster

Roberts, 1982

DD

n/a

BE, BF, KI,
LD, PE, SI,
TE, RA, TW

Gastromyzon monticola

(Vaillant, 1889)

n/a

n/a/Endemic

KB, KM, RA,
TE,

Gastromyzon ornaticauda

Tan & Martin-Smith,
1998

n/a

Gastromyzon pariclavis

Tan & Martin-Smith,
1998

n/a

n/a/Endemic

LD

Gastromyzon spectabilis

Tan, 2006

n/a

n/a/Endemic

LD

Gastromyzon umbrus

Tan, 2006

n/a

n/a

TW

Glaniopsis denudata

Roberts, 1982

n/a

n/a

RA

Glaniopsis gossei

Roberts, 1982

n/a

n/a

SI

Glaniopsis hanitschi

Boulenger, 1899

n/a

n/a/Endemic

KE, RA

Glaniopsis multiradiata

Roberts, 1982

n/a

n/a

SI

Neogastromyzon crassiobex Tan, 2006

n/a

n/a

LD, KI

Parhomaloptera microstoma (Boulenger, 1899)

n/a

n/a

LD, TA, TW

Protomyzon aphelocheilus

Inger & Chin, 1962

n/a

n/a

KM, LD, RA,
SI, TA

Protomyzon borneensis

Hora & Jayaram, 1952

DD

n/a

KM, RA, TA,
TE, TW

Protomyzon griswoldi

(Hora & Jayaram, 1952) n/a

n/a

RA, KE, KM,
LD, SI, TW,

Protomyzon whiteheadi

(Vaillant, 1893)

n/a

n/a

KE, KI, LD,
RA, SI, TE

Family Nemacheilidae
Nemacheilus elegantissimus Chin & Samat, 1992

n/a

n/a/Endemic

LD

Nemacheilus olivaceus

Boulenger, 1894

n/a

n/a/Endemic

Sundoreonectes sabanus

(Chin, 1990)

VU

n/a

LD, SA

Tan 2006; Sulaiman and Mayden
2012; Kottelat 2013; Tan 2013
Tan 2006; Sulaiman and Mayden
2012; Kottelat 2013
Martin-Smith 1998; Martin-Smith
and Tan 1998; Inger and Chin 2002;
Tan 2006; Sulaiman and Mayden
2012; Kottelat 2013; Tan 2013
Inger and Chin 2002; Tan 2006;
Sulaiman and Mayden 2012;
Kottelat 2013
Martin-Smith and Tan 1998; Tan
and Martin-Smith 1998; Tan, 2006;
Sulaiman and Mayden 2012;
Kottelat 2013
Martin-Smith and Tan 1998; Tan
and Martin-Smith 1998; Inger and
Chin 2002; Tan 2006; Sulaiman and
Mayden 2012; Kottelat 2013
Martin-Smith and Tan 1998; Tan
2006; Sulaiman and Mayden 2012;
Kottelat 2013
Tan 2006; Sulaiman and Mayden
2012; Kottelat 2013
Inger and Chin 2002; Sulaiman and
Mayden 2012; Kottelat 2013
Inger and Chin 2002; Sulaiman and
Mayden 2012; Kottelat 2013
Inger and Chin 2002; Sulaiman and
Mayden 2012; Kottelat 2013
Inger and Chin 2002; Sulaiman and
Mayden 2012; Kottelat 2013
Tan, 2006; Sulaiman and Mayden
2012
Martin-Smith 1998; Martin-Smith
and Tan 1998; Inger and Chin 2002;
Kottelat 2013; Tan 2013
Martin-Smith and Tan 1998; Inger
and Chin 2002; Sulaiman and
Mayden 2012; Kottelat 2013
Inger and Chin 2002; Sulaiman and
Mayden 2012; Kottelat 2013; Tan
2013
Martin-Smith and Tan 1998; Inger
and Chin 2002; Tan 2006; Sulaiman
and Mayden 2012; Kottelat 2013;
Tan 2013
Martin-Smith and Tan 1998; Inger
and Chin 2002; Sulaiman and
Mayden 2012; Kottelat 2013

Chin and Samat 1992; Martin-Simth
1998; Martin-Smith and Tan 1998;
Inger and Chin 2002; Kottelat 2013
KI, KM, KU, Martin-Smith and Tan 1998; Inger
LD, RA, SA, and Chin 2002; Ahmad et al. 2006;
TO, TW
Sulaiman and Mayden 2012;
Kottelat 2013; Tan 2013
SI
Inger and Chin 2002; Kottelat 2013
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ORDER SILURIFORMES
Family Akysidae
Acrochordonichthys falcifer Ng & Ng, 2001
Acrochordonichthys
Vaillant, 1902
pachyderma

n/a
n/a

n/a
n/a

LD
KI

Ng and Ng 2001; Kottelat 2013;
Ng and Ng 2001; Inger and Chin
2002; Kottelat 2013

Family Sisoridae
Glyptothorax major

(Boulenger, 1894)

n/a

n/a

KB, KI, KM, Martin-Smith 1998; Martin-Smith
LD, RA, TA, and Tan 1998; Inger and Chin 2002;
TE, TO, TW Kottelat 2013; Tan 2013; Ng &
Kottelat 2016

Family Siluridae
Ompok sabanus

Inger & Chin, 1959

n/a

n/a

KI, LD, TW

Phalacronotus parvanalis

(Inger & Chin, 1959)

n/a

n/a

BE, KI, LD

Wallago maculatus

Inger & Chin, 1959

n/a

n/a/Endemic,
KI, LD
possible syn. of
Wallagonia leerii
(Bleeker 1851)

Family Clariidae
Clarias anfractus

Ng, 1999

n/a

n/a/Endemic

Clarias leiacanthus

Bleeker, 1851

n/a

n/a

Clarias nieuhofii

(Valenciennes, in
LC
Cuvier & Valenciennes,
1842)

Slender Walking
Catfish

Ng 1999; Inger and Chin 2002;
Kottelat 2013
KK, KE, KI, Inger and Chin 2002; Sade and Biun
BE, SA, TW, 2012; Kottelat 2013; Tan 2013
LD, TO
BE, KK, SA, Inger and Chin 2002; Kottelat 2013
TU

n/a

n/a/Endemic

KI

LC
n/a

n/a
n/a/Endemic

BE
KI

Roberts and Vidthayanon 1991;
Inger and Chin 2002; Kottelat 2013;
Inger and Chin 2002; Kottelat 2013
Gustiano et al. 2002; Kottelat 2013

Pseudolais micronemus

Roberts & Vidthayanon,
1991
Bleeker, 1850
Gustiano, Teugels &
Pouyaud, 2003
(Bleeker,1846)

DD

Shortbarbel
pangasius

KI, LD, RA

Inger and Chin 2002; Kottelat 2013

Family Bagridae
Hemibagrus baramensis

(Regan, 1906)

n/a

n/a

LD, KI, RA,
SA, TW, KI

Hemibagrus fortis

(Popta, 1904)

n/a

n/a

Hemibagrus sabanus

(Inger & Chin, 1959)

n/a

n/a/Endemic

Hemibagrus semotus

Ng & Kottelat, 2013

n/a

n/a

Leiocassis collina
Leiocassis micropogon
Pseudomystus robustus

Ng & Lim, 2006
(Bleeker, 1852)
(Inger and Chin, 1959)

n/a
n/a
n/a

n/a
n/a
n/a/Endemic

Family Pangasiidae
Pangasius
kinabatanganensis
Pangasius macronema
Pangasius sabahensis

Martin-Smith and Tan 1998; Inger
and Chin 2002; Kottelat 2013
Martin-Smith and Tan 1998; Inger
and Chin 2002; Kottelat 2013
Martin-Smith and Tan 1998; Inger
and Chin 2002; Kottelat 2013

LD, TW

Martin-Smith 1998; Martin-Smith
and Tan 1998; Inger and Chin 2002;
Ahmad et al. 2006; Kottelat 2013;
Ng and Kottelat 2013
BE, KB, KI, Martin-Smith 1998; Martin-Smith
LD, KM, RA, and Tan 1998; Inger and Chin 2002;
SA, TA, TU, Kottelat 2013; Ng and Kottelat 2013
TW
KI, LD
Martin-Smith and Tan 1998;
Kottelat 2013; Inger and Chin 2002
KI, SI, TE
Kottelat, 2013; Ng and Kottelat
2013
LD
Ng and Lim 2006; Kottelat 2013
BF, TW
Inger and Chin 2002; Kottelat 2013
KI, LD
Martin-Smith 1998; Inger and Chin
2002; Kottelat 2013
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ORDER BELONIFORMES
Family Zenarchopteridae
Dermogenys bispina

Meisner & Collette,
1998

n/a

n/a

KI, LD

Meisner and Collette 1998; Kottelat
2013

(Bleeker, 1854)

n/a

n/a

KI

Inger and Chin 2002; Kottelat 2013

Family Synbranchidae
Monopterus javanensis

La Cépède, 1800

n/a

Asian swamp eel

KI, SA

Inger and Chin 2002; Kottelat 2013

Family Mastacembelidae
Macrognathus keithi

(Herre, 1940)

n/a

n/a/Endemic

KI, KM, LD,
SA

Cuvier, in Cuvier &
Valenciennes, 1832

n/a

n/a

LD, TW

Martin-Smith 1998; Martin-Smith
and Tan 1998; Inger and Chin 2002;
Kottelat 2013
Inger and Chin 2002; Kottelat 2013

(Hamilton, 1822)

n/a

Spotted archerfish KI, LD

Martin-Smith and Tan 1998; Inger
and Chin 2002; Kottelat 2013

Chakrabarty, Oldfield & n/a
Ng, 2006

n/a/Endemic

SA

Inger and Chin 2002; Hossain and
Sarker 2013; Kottelat 2013

(Valenciennes, in
DD
Cuvier & Valenciennes,
1837)

Loach goby

PE

Inger and Chin 2002; Kottelat 2013

LC
LC
n/a
LC

Foureyed sleeper
Duckbill sleeper
n/a
Dusky sleeper

SA
KI, SA
KI, SA
KI, SA, TW

Inger and Chin 2002; Kottelat 2013
Inger and Chin 2002; Kottelat 2013
Inger and Chin 2002; Kottelat 2013
Inger and Chin 2002; Kottelat 2013

LC
n/a

Broadhead sleeper BE, KI, SA
Snakehead
SA
gudgeon

Inger and Chin 2002; Kottelat 2013
Inger and Chin 2002; Larson 2012;
Kottelat 2013

LC

Northern mud
gudgeon

KI, SA

Inger and Chin 2002; Larson 2013;
Kottelat 2013

LC
DD
n/a

Marble goby
n/a
n/a

KI
BE, KI
TW

Inger and Chin 2002; Kottelat 2013
Inger and Chin 2002; Kottela, 2013
Inger and Chin 2002; Kottelat 2013

n/a
Kabili bumblebee
goby
Sabanus
bumblebee goby
n/a

KI
SA

Inger and Chin 2002; Kottelat 2013
Kottelat et al. 1993; Inger and Chin
2002; Kottelat 2013
Inger 1958; Kottelat at al. 1993;
Inger and Chin 2002; Kottelat 2013
Herre, 1940; Inger and Chin 2002;
Kottelat 2013

ORDER
GASTEROSTEIFORMES
Family Syngnathidae
Oostethus brachyurus
ORDER
SYNBRANCHIFORMES

Mastacembelus unicolor

ORDER PERCIFORMES
Family Toxotidae
Toxotes chatareus
Family Nandidae
Nandus prolixus

Family Rhyacichthyidae
Rhyacichthys aspro

Family Eleotrididae
Bostrychus sinensis
Butis butis
Butis gymnopomus
Eleotris fusca

Lacépède, 1801
(Hamilton, 1822)
(Bleeker, 1853)
(Bloch & Schneider,
1801)
Eleotris melanosoma
Bleeker, 1853
Giuris margaritaceus
(Valenciennes, in
Cuvier & Valenciennes,
1837)
Ophiocara porocephala
(Valenciennes, in
Cuvier & Valenciennes,
1837)
Oxyeleotris marmorata
(Bleeker, 1852)
Oxyeleotris urophthalmoides (Bleeker, 1853)
Prionobutis dasyrhynchus
(Gunther, 1868)
Family Gobiidae
Brachygobius doriae
Brachygobius kabiliensis

(Günther 1868)
Inger, 1958

LC
LC

Brachygobius sabanus

Inger, 1958

DD

Eugnathogobius kabilia

(Herre, 1940)

LC

KI
SA
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Eugnathogobius siamensis
Glossogobius celebius

Glossogobius giuris

(Fowler, 1934)
LC
(Valenciennes, in
DD
Cuvier & Valenciennes,
1837)
(Hamilton, 1822)
LC

569

n/a
Celebes goby

TW
KK, LD

Kottelat 2013
Inger and Chin 2002; Kottelat 2013

Tank goby

BE, KI, SA,
TW
SA

Inger and Chin 2002; Kottelat 2013

Glossogobius sandakanensis Inger, 1957

n/a

n/a

Pseudogobiopsis oligactis
Pseudogobius javanicus
Redigobius bikolanus
Redigobius chrysosoma
Redigobius tambujon
Stenogobius gymnopomus
Stenogobius ingeri

LC
n/a
LC
LC
LC
LC
n/a

n/a
n/a
Speckled goby
n/a
n/a
n/a

TW
TW
KI
KI
KI
KI, TW
TW

Stigmatogobius sadanundio (Hamilton, 1822)

n/a

n/a

SA

Family Anabantidae
Anabas testudineus

(Bloch, 1792)

DD

Climbing perch

KB, KI, KK,
RA, SA

Inger and Chin 2002; Kottelat 2013

Family Osphronemidae
Betta balunga

Herre, 1940

n/a

n/a

TW

Betta chini

Ng, 1993

VU

n/a/Endemic

BF

Betta gladiator

Tan & Ng, 2005

n/a

n/a/Endemic

TO

Betta ocellata

de Beaufort, 1933

n/a

n/a

Osphronemus laticlavius

Roberts, 1992

n/a

Giant red tail
gourami

KI, LD, SA,
TW
LD

Herre 1940; Inger and Chin 2002;
Kottelat 2013
Ng 1993; Inger and Chin 2002;
Kottelat 2013
Tan and Ng 2005; Sade and Biun
2012; Kottelat 2013
Tan and Ng 2005; Kottelat 2013

Trichopodus trichopterus

(Pallas, 1770)

LC

Three spot
gourami

Roberts 1992; Kottelat et al. 1993;
Martin-Smith and Tan 1998; Inger
and Chin 2002; Kottelat 2013
KB, KK, LD, Inger and Chin 2002; Kottelat 2013
TU

Family Channidae
Channa baramensis

(Steindachner, 1901)

n/a

n/a

LD

Channa striata

(Bloch, 1793)

LC

Striped snakehead KI, SA

(Bleeker, 1850)
(Roberts, 1982)
(Hamilton, 1822)
(Inger, 1953)

LC
n/a
n/a
n/a

n/a
n/a
Green pufferfish
n/a/Endemic

BE, KI, SA
KI
KI
KI

Dichotomyctere sabahensis (Dekkers, 1975)

n/a

n/a/Endemic

KI

Pao leiurus

n/a

n/a

TW

(Bleeker, 1875)
(Bleeker, 1856)
(Herre,1927)
(Bleeker, 1875)
(Bleeker, 1854)
(Bleeker, 1853)
Watson, 1991

Inger 1957; Inger and Chin 2002;
Kottelat 2013
Inger and Chin 2002; Kottelat 2013
Inger and Chin 2002; Kottelat 2013
Inger and Chin 2002; Kottelat 2013
Inger and Chin 2002; Kottelat 2013
Inger and Chin 2002; Kottelat 2013
Inger and Chin 2002; Kottelat 2013
Watson 1991; Inger and Chin 2002;
Kottelat 2013
Inger and Chin 2002; Kottelat 2013

Martin-Smith and Tan 1998;
Kottelat 2013
Inger and Chin 2002; Kottelat 2013

ORDER
TETRAODONTIFORMES
Family Tetraodontidae
Auriglobus modestus
Auriglobus remotus
Dichotomyctere fluviatilis
Dichotomyctere kretamensis

(Bleeker, 1850)

Inger and Chin 2002; Kottelat 2013
Roberts 1982; Kottelat 2013
Inger and Chin 2002; Kottelat 2013
Inger 1953; Inger and Chin 2002;
Kottelat 2013
Dekkers 1975; Kottelat et al. 1993;
Inger and Chin 2002; Kottelat 2013
Inger and Chin 2002; Kottelat 2013

Note: Locality key Aq=Aquaculture; BE=Beluran; BF=Beaufort; KB=Kota Belud; KE=Keningau; KI=Kinabatangan; KK=Kota
Kinabalu; KM=Kota Marudu; KU=Kudat; LA=Labuan Island; LD=Lahad Datu; PA=Papar; PE=Penampang; RA=Ranau;
SA=Sandakan; SE=Semporna; SI=Sipitang; TA=Tambunan; TE=Tenom; TO=Tongod; TU=Tuaran; TW=Tawau. IUCN status key:
CR=Critically Endangered; DD=Data Deficient; EN=Endangered; EW=Extinct in Wild; EX=Extinct; LC=Least Concerned; NE=Not
Evaluated; NT=Near Threatened; VU=Vunerable; n/a=Not available
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Table 2. List of introduced species in Sabah, North Borneo
IUCN
status

Common
Name/Remarks

References

(Bleeker, 1849)
(Linnaeus, 1758)
(Valenciennes, in Cuvier &
Valenciennes, 1844)
(Valenciennes, in Cuvier &
Valenciennes, 1844)
Linnaeus, 1758
(Valenciennes, in Cuvier &
Valenciennes, 1844)
(Richardson, 1845)
(Fowler, 1937)

LC
LC
NT

Silver barb
Goldfish
Mud carp

Inger and Chin 2002; Kottelat 2013
Inger and Chin 2002; Kottelat 2013
Inger and Chin 2002; Kottelat 2013

n/a

Grass carp

VU
NT

Common carp
Silver carp

Kottelat and Tan 2011; Kottelat
2013
Inger and Chin 2002; Kottelat 2013
Inger and Chin 2002; Kottelat 2013

DD
LC

Bighead carp
Inger and Chin 2002; Kottelat 2013
Red-finned Cigar Shark Inger and Chin 2002; Kottelat 2013

(Burchell, 1822)

LC

North African catfish

Inger and Chin 2002; Kottelat 2013

Family Pangasiidae
Pangasianodon hypophthalmus (Sauvage, 1878)

LC

Striped catfish

Inger and Chin 2002; Kottelat 2013

Peters, 1859

n/a

Guppy

Inger and Chin 2002; Kottelat 2013

Family Cichlidae
Oreochromis mossambicus

(Peters, 1852)

NT

Mozambique tilapia

Oreochromis niloticus

(Linnaeus, 1758)

n/a

Nile tilapia

Martin-Smith and Tan 1998; Inger
and Chin 2002; Kottelat 2013
Inger and Chin 2002; Kottelat 2013

Family Helostomatidae
Helostoma temminckii

Cuvier, 1829

LC

Kissing gourami

Inger and Chin 2002; Kottelat 2013

Family Osphronemidae
Osphronemus goramy
Trichopodus pectoralis

La Cepède, 1801
Regan, 1910

LC
LC

Giant Gouramy
Snakeskin Gourami

Inger and Chin 2002; Kottelat 2013
Inger and Chin 2002; Kottelat 2013

Order/Family/Species

Authority

ORDER CYPRINIFORMES
Family Cyprinidae
Barbonymus gonionotus
Carassius auratus
Cirrhinus molitorella
Ctenopharyngodon idella
Cyprinus carpio
Hypophthalmichthys molitrix
Hypophthalmichthys nobilis
Leptobarbus rubripinna
ORDER SILURIFORMES
Family Clariidae
Clarias gariepinus

ORDER
CYPRINODONTIFORMES
Family Poeciliidae
Poecilia reticulata
ORDER PERCIFORMES

Note: Locality key BE=Beluran; BF=Beaufort; KB=Kota Belud; KE=Keningau; KI=Kinabatangan; KK=Kota Kinabalu; KM=Kota
Marudu; KU=Kudat; LA=Labuan Island; LD=Lahad Datu; PA=Papar; PE=Penampang; RA=Ranau; SA=Sandakan; SE=Semporna;
SI=Sipitang; TA=Tambunan; TE=Tenom; TO=Tongod; TU=Tuaran; TW=Tawau. IUCN status key: CR=Critically Endangered;
DD=Data Deficient; EN=Endangered; EW=Extinct in Wild; EX=Extinct; LC=Least Concerned; NE=Not Evaluated; NT=Near
Threatened; VU=Vunerable; n/a=Not available

Field work challenges
At this point, we believe it would be helpful to discuss
some background information on the pattern of diversity
and field work challenges in Sabah for the benefit of future
workers. Our analysis shows Kinabatangan and Lahad Datu

districts register the most species (Figure 2). However, we
caution that this should not be construed as a lack of
diversity in other districts, especially Beluran which has
similar lowland geohydrology characteristics as
Kinabatangan and Lahad Datu.
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The Kinabatangan and Lahad Datu districts encompass
some of the largest areas in the state and considering their
low elevation and geological age as mentioned earlier, they
are expected to host more species. But if we cast our sight
on Tongod and Beluran, these districts are of considerable
size too and yet not many species were recorded. We
would like to stress that ichthyological study in Sabah is
still at infancy stage and one should not attempt to correlate
landscape sizes with species diversity yet. Existing data is
inconclusive and biased towards localities which are most
easy to access. Many parts of Sabah are still undeveloped
and difficult to reach. The lack of interest in local fish
taxonomy has also hindered robust data collection and
checklists for some districts have yet to be produced.
Consequently, there are many other factors that caused
species accounting to be under-represented in some
districts. As highlighted earlier, river hydrological pattern
and intensity in Sabah is affected by two monsoon seasons.
This presents a challenge for field collections. Experience
is crucial for capturing and collecting specimens in various
stream/river orders, depth, turbidity, substrate and
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hydrological conditions. Beginners or visiting researchers
who are not familiar with species responses to the
mentioned variances would find it frustrating to obtain a
satisfactory collection result. Additionally, our own
experiences have shown that many benthic species have
burrowing habits or prefer to forage in crevices under
rocks. These species are extremely difficult to find, much
less capture. Some specialized species such as those from
the Gastromyzon genus (Figure 3) inhabit turbulent waters
that may be too dangerous for normal sampling exercise,
while some species are probably nocturnal and night
searches may be necessary.
Besides sampling difficulties, there are some local
cultural sensitivities to consider. The conventional
electrofishing method and ichthyocide applied by
researchers are not favoured because most locals regard
such approaches as destructive. In Sabah, there is a
traditional practice of tagal in many rural areas that forbids
the collecting, injuring or killing of fishes. Tagal is a local
tradition where fishes in the rivers are protected at various
degrees by the local indigenous communities to increase

Figure 2. Locality and native species recorded: Beluran = 20; Beaufort = 7; Kota Belud = 16; Keningau = 8; Kinabatangan = 78; Kota
Kinabalu = 7; Kota Marudu = 20; Kudat = 5; Labuan Island = 1; Lahad Datu = 67; Papar = 1; Penampang = 3; Ranau = 25; Sandakan =
35; Sipitang = 13; Tambunan = 9; Tenom = 10; Tongod = 20; Tuaran = 6; Tawau = 42. So far, no survey was carried out in Semporna,
Nabawan, Kunak and Pitas district
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Figure 3. Species from the Gastromyzon genus (ventral view)
have specialized pectoral fin, suprapelvic flap and fused pelvic fin
that have evolved to function as suction cups to adhere to rocks in
torrent rivers

Figure 4. Indigenous people are typically skilful fishermen and it
is advisable to collaborate with them in collection exercises for
satisfactory results

the population of usually larger food species. The rule is
strictly enforced and there have been cases when even
conservation organizations were penalized for collecting
specimens in the rivers! Tagal is a commendable practice
for habitat conservation and we advise researchers to obtain
the necessary "free, prior and informed consent" (FPIC)
(Buppert and McKeehan 2013) from the local community
prior to initiating any field work. Moreover, collaboration
with the local community is advisable for detecting as
many species as possible because they possess the sitespecific fish collection skills and traditional ecological
knowledge (Figure 4).
In conclusion, we present a list of 150 native species
and 16 introduced species recorded in Sabah so far.
Because Sabah remains largely unexplored and there are
some challenges in conducting ichthyofaunal surveys, the
accuracy of the checklist is expected to fall short. Clearly,
fish taxonomic and ecology studies must be prioritized in
these less assessed districts as a matter of urgency. Even
though incomplete, it is hoped that the working checklist
may set the foundation for driving progress in species-level
research and habitat conservation. We expect the checklist
to be in flux and needs to be updated periodically.
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Abstract. Rizal A, Dewanti LP. 2017. Using economic values to evaluate management options for fish biodiversity in the Sikakap Strait,
Indonesia. Biodiversitas 18: 575-581. The unavailability of total economic values of fish biodiversity in Sikakap Strait, Mentawai
District of West Sumatra, Indonesia both in the short and long term, has created the rejection of their existences in the coastal area. The
purpose of this study was to estimate the total economic value of fish biodiversity in Sikakap Strait, West Sumatra using total economic
value concepts. The fish biodiversity’s total economic value is expressed by estimating the use value, indirect use value and non-use
value. The study used benefit transfer and survey methods using secondary data to estimate the total economic value of fish biodiversity.
The total economic value of the fish biodiversity of USD 745,602 per year was calculated by summing the direct use value (USD
4,262,884 per year), indirect use value (USD 24,560 per year), and non-use value (USD 575 per year). The research hypothesis that the
fish biodiversity’s sustainable resource management has economic value is supported. These values help to make decisions about
allocating resources between competing uses.
Keywords: economic valuation, fish biodiversity, Sikakap Strait

INTRODUCTION
The coastal and marine sector in the current assessment
is taken to mean the ‘coastal zone’ defined by the United
Nations Environment Programme (UNEP) as ‘the area of
land subject to marine influences and the area of the sea
subject to land influences’. The coastal is the place where
sea and land meet. Geographers, geologists and biologists
unanimously acknowledge the unique properties of coastal
zones as the contact zone between the lithosphere and the
hydrosphere. This interface is represented on geographic maps
as a thin coastline (Pendleton 2008; Payne and Sand 2011).
Coastal areas are typically shared by many user groups
or activities which conflict of access to the resource may
arise. Such a conflict may arise, for example, due to
competing uses between small-scale and commercial
fishermen (Rizal et al. 2001), competing uses of fish stock
exploited by different actors and institutions or simply
conflicting over a narrow area of the strait for different
purpose of coastal activities such as local fishermen and
outsider fishermen.
Although the importance of coastal ecosystems to
human society has many dimensions (ecological, sociocultural and economic), expressing the value of ecosystem
services in monetary units is an important tool to raise
awareness and convey the (relative) importance of
ecosystems and biodiversity to policy makers. Information
on monetary values enables more efficient use of limited
funds through identifying where protection and restoration
is economically most important and can be provided at
lowest cost (Crossman and Bryan 2009; Crossman et al.

2011). It can also assist the determination of the extent to
which compensation should be paid for the loss of
ecosystem services in liability regimes (Payne and Sand
2011). These phenomena, coupled with the lack of
administrative resources, make the management of coastal
resources, especially fishery resources, where livelihood of
small-scale fishermen depends very much on fishing, is
indeed a challenging task.
In West Sumatra, this challenging task is amplified by
the complexity, uncertainty and rent seeking behavior which
arises in the era of decentralization. Since alteration of
regional authority law (from law number 32/2009 to
23/2014), when the decentralization process shifted to
provincial authority from district authority, they seek
various ways to manage their own fisheries, to increase
provincial government revenue (known as PAD, an
abbreviation of Pendapatan Asli Daerah or Original
Regional Revenue.
Mentawai island’s fish resources play an important role
in the economy of West Sumatra, particularly, fish
biodiversity of sikakap strait. The contribution of Sikakap
Strait related activities was estimated to be dominant of the
West Sumatra’s Fish Production (Fisheries Official of
Mentawai District 2015). The fish biodiversity provides an
important source of income and employment for those
living in coastal and rural areas of Mentawai Island. In
addition, the fish biodiversity has been a critical source of
affordable animal protein for the majority of coastal
inhabitants.
Scientists argue that a long term value of fish biodiversity
is greater than its value for any other use. Therefore,
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careful management of this resources provides numerous
benefits to a variety of users. Government provides
maximizing producers and utility maximizing consumers in
traditional markets should allocate scarce fish resources
and environmental uses in an economically efficient manner.
The information from resource valuation will help guide
decision makers to more objectively consider management
options in allocating scarce fish resources efficiently.
Preparation of this paper was supported by the Faculty
of Fishery and Marine Science and is a contribution of
Padjadjaran University's program in fisheries research
development, which is supported in part by a strengthening
grant from the Ministery of Marine and Fisheries.
This paper describes the context in which development
of marine fisheries in Mentawai islands took place, and
provides an assessment of the largely favorable effect of
the economic valuation of Sikakap Strait's Fish
biodiversity. The paper concludes by examining the
concept of cost-benefit analysis in comparing each
management option. It was in reference to the concept that
the local government rationalized the the fish biodiversity
management.
MATERIALS AND METHODS
Study area
Sikakap Strait, located in the Mentawai Islands, is one
of the important straits in the Sumatra’s island of Pagai

island. Sikakap Strait has separated two islands, they are
North Pagai and South Pagai (Fig. 1). As an administrative
boundary, Sikakap Strait is part of Sikakap subdistrict.
Concerning the climate patterns which exist in Indonesia,
Sikakap Strait particularly is affected by the global
phenomenon of dipole mode that stimulates Moson and
inter-tropical Convergence. Western southeast wind
circulation will stimulate a dry season which takes place in
May-October, and the circulation of winds moving towards
the northwest will result in the rainy season from
November to March.
Rainfall is ranging between 2500 - 4700 mm / year with
the number of rainy days between 132-267 days of rain per
year. Differences that exist at the moment in both wet and
dry is not clearly visible, due to heavy rain with short
duration may occur in the dry season or during the
transitional season. This happens suspected because of the
wind storm of Indian Ocean (Samudera Hindia) blowing
towards the mainland of Sumatra. The area of Sikakap
Strait is 3,960 hectares with the coast length 19.79
kilometers (km). The Strait is located at the latitude and
longitude coordinates of -2.8 and 100.2. For
Fishing enthusiasts, Sikakap Strait could be one of the best
fishing or outdoors adventure location in the regions of
West Sumatra. Data published by Fisheries Official of
Mentawai District (2015) indicate that there are fifteen fish
species in Sikakap Strait which divided into two groups.

Figure 1. Location of Sikakap Strait, Mentawai, West Sumatra, Indonesia

RIZAL & DEWANTI – Economic valuation of fish in the Sikakap Strait, Indonesia

577

Table 1. Pelagic fish production in Sikakap Strait, Mentawai, West Sumatra, Indonesia
Fish species
English name
Indonesian name
Pickhandle barracuda
Baracuang
Barred fish
Tenggiri
Skipjack tuna
Tuna
Anchovy
Teri
Sardine
Sardin
Long jawed mackerel
Kembung
Trevally fish
Selar
Sailfish
Layaran
Total
Source: Fisheries Official of Mentawai District (2015)

Scientific name
Sphyraena jello
Scomberromo commersoni
Euthynnus affinis
Stolephorus commersonii
Sardinella sirin
Rastrelliger kanagurta
Selaroides leptolepis
Istiophorus platypterus

Production (ton)
250
8
600
8
380
516
502
85
2,349

Value (US$)
144,231
4,615
692,308
4,615
219,231
297,692
289,615
49,038
1,701,345

Table 2. Demersal fish production in Sikakap Strait, Mentawai, West Sumatra, Indonesia
Fish species
English name
Indonesian name
Grouper
Kerapu
Yellow snapper
Kakap kuning
Grey snapper
Jenihin
Red snapper
Kakap Merah
Stingray
Pari
Pony Fishes
Peperek
Total
Source: Fisheries Official of Mentawai District (2015)

Scientific name
Epinephelus fuscoguttatus
Lutjanus kasmira
Symphorichthys spirulus
Lutjanus. campechanus
Mobula mobular
Leiognathus dussummieri

Pelagic fish
Pelagic fish are the types of fish that their lives were in
the seawater. This fish has a slender body shape in order to
facilitate the movement against the sea water current.
Pelagic fish in the sea waters of the Strait of Sikakap most
diverse. Table 1 describes detail of Pelagic fish production.
Based on Table 1 pelagic fish species that dominate in
Sikakap Strait is Skipjack tuna as 600 tons, and then Long
jawed mackerel amounted to 516 tons, 502 tons of trevally
fish and fish barracuda amounted to 250 tons. The value of
production of fish commodities because these fish have
quite high economic value, especially tuna species.
Demersal fish
Demersal fish are the kinds of fish that their lives were
on the bottom, such as coral reefs and sandy substrate. The
demersal fish are fish that are caught with basic fishing
gear such as bottom trawls (bottom trawl), basis of gill nets
(bottom gillnet), longlines base (bottom long line), traps
and others. Demersal fish production can be seen in Table
2.
Following Table 2, the dominating demersal fish in the
Sikakap Strait as 1,182 tons of grouper and yellow snapper
as much as 500 tons, 429 tons of red snapper and gray
snapper (jenihin) as 155 tons. Based on the number of
grouper production for one year, it can be seen that the
potential demersal fish is grouper fish in Sikakap Strait, it
could become one of the economic drivers for coastal
communities.

Production (ton)
1,182
500
155
419
2
81
2,339

Value (US$)
1,363,846
576,923
89,423
483,462
1,154
46,731
2,561,539

Procedures
There are basically two broad approaches to valuation,
each comprising a number of techniques. These are the
direct and indirect approaches. The direct approach looks at
techniques which attempt to elicit preferences directly
through the use of survey and experimental techniques,
such as contingent valuation and contingent ranking
methods. People are asked directly to state or reveal their
strength of preference for a proposed resource. In contrast,
the indirect approach is a technique which seeks to elicit
preferences from actual, observed market-based information.
Most of the studies have been done in Indonesia using
total economic value. The total economic value of a
resource can be disaggregated in two components which
are use value (UV) and non use value (NUV). Use value
includes direct use value (DUV), indirect use value (IUV)
and option value (OV). Nonuse value, on the other hand,
has proved to be both difficult to define and measure.
Nonuse value can be subdivided into existence value (XV)
which measures willingness to pay for some moral,
altruistic or other reason and unrelated to use or option
value and bequest value (BV) which measure an individual
willingness to pay to ensure that his/her heirs will use the
resource in the future. The total economic value can be
expressed by:
TEV= UV + NUV = (DUV + IUV + OV) + (XV + BV)
The economic valuation of fish biodiversity can be
carried out through two stages:
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Identification stage
This is an important stage to know the benefits and
ecosystem services of fish biodiversity, especially the
function in relationship with the other components in an
ecosystem. The identified benefit include:
Use value (UV). UV consists of two kinds of value, viz.
(i) Direct use value (DUV). This is defined as use which is
directly obtained from utilizing fish biodiversity, such as
the use of fish for food consumption, commercial and
fishing, etc. The total direct use from fish biodiversity can
be formulated in a simple equation: Direct use (fish
biodiversity) = food consumption use + commercial use +
fishing, etc. (ii) Indirect use value (IUV). An indirect use is
defined as use which is indirectly derived from fish
biodiversity such as tourism, education, and research.
Non Use Value (NUV). NUV consists of three kinds of
value, viz. (i) Option value (OV). The concept of option
value can be interpreted as the potential future direct and
indirect uses of fish biodiversity. If the uncertainty
regarding future use is measurable in the form of
probability for a certain outcome, the option value can be
interpreted as the risk premium paid to avoid the outcome
of reversible destruction. In other words, the individual is
willing to pay an amount in addition to the actual price
today in order to keep the use option for later. Therefore,
total use value can be defined as the sum of current total
direct and indirect use values and this risk premium. (ii)
Existence value (EV). An existence value is interpreted as a
value humans gain from simply knowing that an ecosystem
or species exists, independent of weather an individual uses
it or not. The existence value of fish biodiversity can be
approached by using the contingent valuation method
through a survey of selected respondents. (iii) Bequest
Value. A bequest value is related to preserving the fish
biodiversity heritage for the coming generations. Its value
is derived today from knowing that the fish biodiversity
heritage will exist and will be used by the future
generation.
Based on the above, the total economic value (TEV) is
a sum of direct use value (DUV), indirect use value (IUV),
and Non Use Value (NUV) has three components viz:
option value (OV), existence value (EV) and bequest value
(BV).
Quantification stage
A quantification stage is the accounting of the total use
and function of an ecosystem in monetary terms. There are
a lot of quantification methods which are often used, some
of which are: (i) Market price. The market price approach
is used to account for a marketable component of fish
biodiversity, such as food consumption and commercial
fish from a restaurant or aquarium. The approach is used to
value a direct use. (ii) Indirect price. An indirect price can
be used to account for the non-marketable component of
fish biodiversity. This method is very suitable to valuate a
physical and biological use. (iii) Contingent valuation
method. Contingent valuation method is a very popular
approach which is most used in valuating an environmental
component, especially for a non-marketable one. In
general, this method is carried out through a survey by

asking the selected respondents about the existence of a
certain component of fish biodiversity.
CVM can be used to estimate both use and non-use
values, and it is the most widely used method for
estimating non-use values. It is also the most controversial
of the non-market valuation methods. It is called
“contingent” valuation, because people are asked to state
their willingness to pay, contingent on a specific
hypothetical scenario and description of the environmental
service (Jakobsson and Dragun 2001). This method
generally involves a survey of a sample of people on the
amount they would be willing to pay for some aspect of
biodiversity to be improved or conserved.
Strengths of The Contingent Valuation Method (CVM)
is an increasingly popular method for valuing biodiversity.
It has more potential for capturing biodiversity’s more
abstract benefits than revealed preference techniques. It is
flexible and works best when estimating values for goods
and services that are easily identified and understood by
users (Jakobsson and Dragun 2001). The nature of CVM
studies and the results of CVM studies are not difficult to
analyze and describe.
Weaknesses of The following areas have made CVM a
controversial approach. However, as the method continues
to be applied these issues are being ironed out (Bateman
and Turner 1993; Jakobsson and Dragun 2001): (i) Asking
people their willingness to pay (WTP) to maintain an
element of biodiversity elicits very different responses to
those found when Willingness to Accept (WTA) questions
are asked. WTA significantly exceeds WTP. Critics have
claimed that this invalidates the CVM approach, showing
responses to be expressions of what individuals would like
to have happened rather than true valuations. However,
recent research in behavioral economics has shown that
even in market contexts people are less willing to lose a
certain dollar amount compared to gaining the same
amount when structured scenarios are put to them. (ii)
CVM is prone to a range of potential biases, such as when
the respondent provides a biased answer to influence the
policy outcome or when respondents are forced to value
attributes with which they have little or no subject
experience. However, these are not insurmountable
problems and the use of experimental economics to review
strategic behavior incentives has untapped potential. (ii)
The payment vehicle chosen eg, taxes or a donation, may
impact on WTP and cause the valuation to be an inaccurate
expression of the actual value of biodiversity. (iv) External
validation of the method's results is difficult and hence the
method's credibility suffers. (v) Expensive and timeconsuming because of the extensive pre-testing and survey
work.
In This research, the contingent valuation method was
used to explore people's willingness to pay for two aspects
of biodiversity: all endangered species of flora and fauna in
Sikakap Strait, The study was motivated by a legislative
requirement to include social and economic valuation in
species and biodiversity conservation policy decision
making in Sikakap strait. Two questionnaires were
circulated amongst a random sample of 209 inhabitants of
Sikakap subdistrict, One questionnaire asked how much
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people were prepared to pay for the conservation of fish
species and the other for the conservation of fish
biodiversity, People were asked how much they would be
willing to pay a year to conserve these two aspects, The
payment vehicle was an increase in local government taxes
and/or a donation to a private conservation organisation.
Data analysis
The economic value of fish biodiversity can be viewed
from its functions which are social, ecological, physical
and biological aspects. These functions are classified to
their uses, namely direct use value (DUV), indirect use
value (IUV), option value (OV) and existence value (EV).
The data source of Table 3 becomes a point of reference
of benefit transfer analysis. Although there have been
varying classifications of benefit transfer methods, in this
research, the author, used unit value transfer approach. Unit
value transfers can perform satisfactorily if the study and
policy contexts are very similar (Morrison and Bennett
2004: Bateman et al. 2011). Unit value transfers involve
the transfer of a single number or set of numbers from
preexisting primary studies. Unit values can be transferred
“as is” or adjusted using a variety of different approaches
(e.g., for differences in income or purchasing power, or
according to expert opinion).
The benefits transfer method is not a specific valuation
approach. Rather, it involves estimated values for
biodiversity or ecosystem services being ‘transferred' from
studies carried out elsewhere. For example, values for
recreational fishing in one state can be estimated by
applying estimates of recreational fishing values calculated
for another state. Benefit transfer is a convenient method to
use when it is too expensive or time-consuming to conduct
a new valuation study. While there are limitations in using
benefits transfer to derive a precise dollar value for
impacts, it can provide an indication of the likely
magnitude of environmental values.
However, benefit transfers are only as accurate as the
initial study and if conditions are similar at both sites. In
addition, care should be taken when extrapolating value
estimates from one site or population to another. One of its
uses is as a resource for benefit transfer, but as noted above
it is only valid if the conditions and environmental change
being proposed are similar (Morrison and Bennett 2004).
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RESULTS AND DISCUSSION
Results
The benefit of fish biodiversity per year in Sikakap
Strait can be value as follows: (i) Direct use value. There
are 14 species productive identified for fishing catch uses
for the fish biodiversity in Sikakap Strait varying from
Pelagic fish and demersal fish such as Pickhandle
barracuda (Sphyraena jello), anchovy (Stolephorus
commersonii), red snapper (Lutjanus Campechanus) and
other species. The economic value of this direct use value
as US $ 4,262,884. (ii) Indirect use value. Three indirect
use values are considered, varying from fishing tourism,
education and research with economic value as US $
24,560. (iii) Option Value. Biodiversity has been selected to
refer the different types of biological diversity habitats or
traits which exist in any given system. The biodiversity
value is US $ 15. (iv) Existence value. Existence value is
interpreted as value inhabitants of Sikakap subdistrict gain
from simply knowing that fish biodiversity exists,
independent of whether an individual uses it or not. By
using the contingent valuation method, the average of 209
inhabitants of Sikakap subdistrict valuates the fish
biodiversity as US $ 560. The cost of utilizing the fish
biodiversity are US $ 1,866,809 (Rizal 2016). Therefore the
Total Economic Value of fish biodiversity is US $ 745,602
per year (Rizal 2016).
In order to select the best management option for
achieving sustainable fish biodiversity management, some
studies have been done by Ruitenbeek (1992), Stevens et
al. (1995), Oglethorpe and Miliadou (2000), and Rizal et al.
(2001). These studies used Cost-benefit analysis in
comparing each management option. The cost-benefit
analysis aimed at assisting the decision-maker to make a
decision which is consistent with efficiency in the
allocation of resources in a certain area. Benefit and cost of
proposed management option in the fish biodiversity were
calculated as follows.
n

Net Present Value (NPV) =

∑ (B − C ) / (1 + r )
t −i

t

t

t

Where:
Bt = Benefit from utilizing fish biodiversity
Ct = Cost of utilizing fish biodiversity
t = Time horizon (10 years)
r = Discount rate (12,5 %)

Table 3. Economic benefit of Sikakap Strait’s fish biodiversity, Mentawai, West Sumatra, Indonesia
Type of
benefit
DUV

Benefit /year
(US$)
$ 4,262,884

IUV
OV

$ 24,560
$ 15

Derived from

Data source

Total value of 14 fishes species production

Fisheries Official of Mentawai
District (2015)
Rizal (2016)
Riutenbeek (1992)

Total Net Revenue of tourism, education, and research activities
Types of biological diversity habitats or traits which exist in any
given system
EV
$ 560
The contingent valuation method, the average communities valuate Rizal (2016)
the fish biodiversity
Note: The value was adjusted to the current currency conversion and this benefit is attributed to the tax levied by the local government
from the fishery
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The selection of the best management option was based
on the highest value of NPV. The procedure for selecting
management options will often rely on some judgment
about technical and economic feasibility. Using scenarios,
the fish biodiversity management options selected are
restricted area management, quota fishing, and fishing gear
management. Using the benefit-cost analysis framework,
the analysis showed that by restriction area strategy for fish
biodiversity resulted in lower NPV (US $ 10,347)
compared to sustainable fishing gear management (US $
11,043). The management option for quota fishing resulted
in a higher NPV (US $ 15,195) compared to sustainable
fishing gear management (Rizal 2016).
A longstanding theoretical paradigm suggests that
species diversity is important because it enhances the
productivity and stability of ecosystems (Odum 1950). The
management option in Sikakap Strait represents an
important turning point for the fish biodiversity
management strategy. The fish biodiversity management
options have been confirmed in a manner consistent both
with sound biological management and with important
social goals of improving incomes and employment
opportunities for the majority of those involved in the
fisheries sector. Elsewhere in West Sumatra, fish
biodiversity management continues to be the single most
important issue faced by those responsible for establishing
fisheries management and development policies.
Discussion
Expressing ecosystem service values in monetary units
also provides guidance in understanding user preferences
and the relative value current generations place on
ecosystem services. These values help to make decisions
about allocating resources between competing uses
whereby it should be realized that monetary values that are
based on market prices only, usually neglect the rights
(values) of future generations (Farley 2008).
Furthermore, the measurement of the broad range of
ecosystem service flows and their values in monetary units
or otherwise is a fundamental step to improve incentives
and generate expenditures needed for their conservation
and sustainable use, such as systems of Payments or
Rewards for Ecological Services (Farley and Costanza
2010; Leimona 2011).
In the foreseeable future, it is unlikely that the common
resources, particularly fish biodiversity, will achieve
widespread acceptance for the management of fisheries
resources in Mentawai island. The open access fisheries
have proven both biologically and socially unworkable due
to increased pressure on the resource caused by population
growth, technological innovation, and new marketing
opportunities. As fish biodiversity’s stocks are threatened.
by depletion, there arises the need to impose some controls
on open access fisheries.
Regardless fish biodiversity management entails
allocational decisions which are inherently political.
Powerful economic interests often are able to influence
political processes to their advantage. The concept of fish

biodiversity management introduces a countervailing
perspective on resource allocation based on longterm
usage. In the context of Indonesian fisheries, fish
biodiversity management pertains to lessen overfishing and
lead to recognition of responsible fisheries as important
considerations in resource management. The awareness of
the uses and functions of fish biodiversity can be viewed by
knowing its functions for enhancing the productivity and
stability of strait ecosystems.
At first sight, the resulting monetary value estimates
seem to give unequivocal support to the belief that
biodiversity has a significant, positive social value.
Sikakap Strait’s fish biodiversity plays an important role
for the livelihood of small-scale fishermen whose life
dependent upon fishing and marine related activities
around the strait. However, given a high potential
economic value that could have been generated from other
activities and the need to protect the strait from overexploitation, there should be a trade-off between protecting
the right of the fishermen to fish in the strait and allowing
the government to establish fish biodiversity management
strategy. It is worth noting, however, that the economic
benefits derived above should be interpreted with caution.
The economic benefits secured could be higher or even
lower than the figures above due to the following reasons.
First, the benefits do not include the non-use values of the
resources derived from Sikakap Strait’s fish biodiversity,
since no appropriate economic valuation had been applied
for the area so far. Second, as acknowledged by
Riutenbeek (1992), the value is only an approximation
(rough estimates) since no data available for detail
calculation. For example, one has to estimate demand
function for the goods and services derived from Sikakap
Strait’s fish biodiversity to include the benefits secured by
consumers as a whole. To do this analysis, however, it
requires a complete panel data, which is not easily
available. Third, the benefits must be weighted against
resource degradation which has been occurring in the
Sikakap Strait’s fish biodiversity.
To secure the benefits from Sikakap Strait's fish
biodiversity, however, is not at costs. The local as well as
national government has spent a substantial amount of
funding to ensure better implementation of fisheries
management in Sikakap Strait. At the micro level, it would
require substantial management and rehabilitation costs to
achieve healthy Sikakap Strait's fish biodiversity, so that
the potential economic benefits described above could be
sustained.
It is also worth mentioning that continuing dialogue
with all stakeholders of the Sikakap Strait would improve
the outcomes. The dialogue, however, should be facilitated
by the third-party since lack of trust to the local
government would not ensure smooth dialogue to solve the
conflict in the strait.
Therefore, it is important to value the fish biodiversity
before deciding a development program, since in addition
to the market value, the resource has attributed to many
uses and function which is not marketed. Management of
fish ecosystems should address that the resources are not
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only valued in terms productive capacity but the total
functions of fish biodiversity. The incorporation of market
and non market value of the fish biodiversity in selecting
the best management options will result in an efficient
allocation of resource and the sustainability of fish
biodiversity.
Values in monetary units will never in themselves
provide easy answers to difficult decisions, and should
always be seen as additional information, complementing
quantitative and qualitative assessments, to help decision
makers by giving approximations of the value of ecosystem
services involved in the trade-off analysis. However, even
if we do not have a ‘precise’ value for, for example, Types
of biological diversity habitats we can assess broadly how
valuable it is as an ecosystem service relative to other
services, or the costs of the absence of that service, in a
particular decision-making situation.
Note that expressing values in monetary units can be a
time and resource intensive exercise and often quantitative
insights expressed in bio-physical units are sufficient to
communicate benefits (e.g. number of people benefitting
from fish biodiversity). Valuation should therefore only be
done where it is needed. However, we believe that in
almost all decision-making situations trade-offs are
involved and some form of valuation is needed.
Better knowledge about the monetary value of
ecosystem services communicates important information to
complement quantitative and qualitative insights and can
help to make the positive and negative externalities of
changes in ecosystems visible and eventually internalize at
least part of their true economic and social importance in
decision making, economic accounting and policy
response.
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Abstract. Bedjo. 2017. The potential of various isolates of Spodoptera litura Nuclear Polyhedrosis Viruses from East Java (Indonesia)
to control Spodoptera litura on soybean. Biodiversitas 18: 582-588. The study on potential of six isolates of SlNPV which are originally
from East Java to control S. litura on soybean was conducted at the Entomology Laboratory, Plant Protection Department of Indonesian
Legumes and Tuber Crops Research Institute during May to August 2015. The experiments were conducted to evaluate the potential of
six isolates of SlNPV, namely: SINPV JTM 02-1, SINPV JTM 02-2, SINPV JTM 02-3, SINPV JTM 02-4. SINPV JTM 02-5 and SINPV
JTM 97c (as control, a virulent strain uses five virus concentrations (1x10°, 1x106, 1x108, 1x1010, and 1x1012 PIBs/mL) to control the
existence of S. litura instar-3. The data of the time for larvae to stop eating and their mortality were analyzed using MSTATC computer
software and Hsinchi Probit program was used to analyze the 50% lethal concentration (LC50) and 50% lethal time (LT50). The study
showed that the larvae’s will to stopeating, their mortality, LC50, and LT50 were significantly influenced by the interaction between
SINPV isolate and the inoculated virus concentration. These potential parameters were also different among the larvae instar of tested S.
litura. The potential of each isolates was higher at instar-3 than the other. Besides that, SINPV JTM 97c, SINPV JTM 02-5 showed the
highest potential to control S. litura. It can be seen from instar-3, LC50 that is effective to kill 50% of the larvae population of SlNPV
JTM 02-5 was between 1x1010 - 1x1012 PIBs/mL with LT50 between 170-207 Hours After Inoculation (HAI). It is revealed that SINPV
JTM 02-5 has more potential as biopesticide to control S. litura than the other tested isolates.
Keywords: Mortality, Nuclear Polyhedrosis Virus, Spodoptera litura

INTRODUCTION
Armyworm of Spodoptera litura Fabricius is a
terrifying pest of soybean in Indonesia. The pest attack can
result in 40% of yield losses. The severe crop failure may
occur when pest attacks at early stages of flowering and
pod formation (Ditlintan 2004). The attempt to control this
pest using insecticide also proven the increase of
armyworm resistance against most of the conventional
insecticides (Karuppaiah et al. 2013; Karuppaiah et al.
2016a). Indiscriminate applications of synthetic insecticide
could result in economic and ecology loss (Tengkano and
Suharsono 2005; Karuppaiah et al. 2016b). In order to
overcome these problems, it is needed to identify
alternative control methods which are suitable to overcome
resistance and to keep ecological safety.
The use of armyworm nuclear polyhedrosis virus
(NPV) is a viable alternative which could be employed in
large scale to manage the armyworm menace in soybean.
NPV is a pathogen in a variety of insects, especially the
family of Noctuidae. This pathogen has a unique
characteristic, namely, the existence of inclusion bodies
like faceted crystals called polyhedra inside the nucleus of
cells in body fat, hypodermic, tracheal matrix, and red
blood (Sanjaya et al. 2010). Meanwhile, another type of
NPV is a Spodoptera litura NPV (SlNPV) that is
scientifically called as Borrelinavirus litura (Virales:

Borrelinaceae). Nowadays, it has been understood that the
isolate of SlNPV JTM 97c has effectiveness as equal as the
lambda cyhalothrin insecticide (Bedjo et al. 2008). Based
on the results of these studies, SlNPV is obviously potential
as biopesticide against armyworm. One of the
bioinsecticides is SlNPV JTM 97c which is originally from
East Java, and it can be found on the dead armyworm
infected by SlNPV. SlNPV is able to control the main pests
such as soybean armyworm (Spodoptera litura) (Bedjo et
al. 2008). Further research involving SlNPV JTM 97c
showed that it is responsible for the dead of armyworm and
green leaf looper (Crysodeixis chalcites), leaf roller
(Lamprosema indicata), and pod borer (Etiella zinkcenella)
(Bedjo 2011). It shows that the isolate of SlNPV JTM 97c
is deadly for insect pests from the ordo of Lepidoptera, and
it is different from other SlNPV isolates of specific host.
The difference of isolates is suspected as the factor of
differences on the level of the pathogenicity or the
virulence of SlNPV against armyworm. The difference of
isolates could become one of the influential factors
determining the level of virulence of NPV against insect
host (Erayya et al. 2013; Hoffman and Frodsham 1993).
The use of SlNPV concentration at 15 x 1011 PIBs/mL in
the laboratory could be 90% deadly to armyworm of S.
litura, but, it only reached 25% in the field. The decrease in
its effectiveness was caused by SlNPV, which was nonresistant against ultraviolet radiation from the sun and it
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also influenced the effectiveness of the virion (Morris
1971; Gupta et al. 2010). Moreover, the mortality level of
larvae caused by NPV is also influenced by a number of
polyhedra consumed by larvae (Ravinshankar and
Venkatesha 2010; Bedjo 2011).
In addition to the difference of isolate, the
concentrations of virus also influential on the virulence of
SlNPV against armyworm (Arifin 2012). Exploration
research to obtain strains or SlNPV isolate which is more
virulence is necessary to be done, in order to accelerate the
mortality rate of armyworm. Therefore, it is necessary to
examine the potential of different isolate of SlNPV
originated from East Java to acquire virulent isolate on the
concentration of virus which is more economic.
This study aimed to determine the type of isolate from
East Java, Indonesia, namely SlNPV which is the most
virulent to control armyworms, as well as, to examine the
virus concentration of SlNPV as the most effective way to
control armyworm larvae.

MATERIALS AND METHODS
This research was conducted at the Laboratory of
Indonesian Legumes and Tuber Crops Research Institute
(ILETRI), Malang, East Java, Indonesia from May to
August, 2015.
The pathogenicity test of SlNPV JTM isolates in the
laboratory used a completely randomized design (CRD)
and was arranged with a treatment based on some factors.
The first factor was the type of isolates (I), the isolates
were from East Java and consisted of 6 kinds of isolates,
namely: SlNPV JTM 02-1 (Ia), SlNPV JTM 02-2 (Ib),
SlNPV JTM 02-3 (Ic), SlNPV JTM 02-4 (Id), SlNPV JTM
02-5 (Ie) and SlNPV JTM 97c (If) (as a virulent
comparison). The second factor is the concentration of
SlNPV (K), consisting of five levels: 0 (No SlNPV as a
control) (K1), 1x106 (K2), 1x108 (K3), 1x1010 (K4), 1x1012
(K5) PIBs/mL. The combination of treatment consisted of
30 treatments. Each treatment was repeated three times.
The implementation research used armyworm instar-3
of 30 larvae per replicate for each treatment. The larvae
were put into a vial, and each vial contains an armyworm.
Furthermore, each vial is supplied with the leaves of
soybeans that have been inoculated with the dipping
method at various concentrations.
The variables measured were (i) time for the larvae to
stop eating which was indicated in percent and observed at
1, 2, 4, 6, 8, 10, 12, and 24 hours after inoculation (HAI),
(ii) the mortality of armyworm which was indicated in
percent and observed at 0, 24, 48, 72, 96, 120, 144, and 168
HAI, (iii) lethal concentration (LC50) or the concentration
of virus to be lethal at up to 50% of the population of
larvae (N = 30) using Probit analysis (Chi 1997), and (iv)
lethal time (LT50) or the time required to kill the larvae at
up to 50% of the population (N = 30) using Probit analysis
(Chi 1997).

583

RESULTS AND DISCUSSION
The results of research showed that in the virulent
isolates of SlNPV JTM 97c, the number of larvae to stop
eating at 4 HAI at each concentration of the virus is,
respectively, as much as 1x108 (2.2%), 1x1010 (3.33%),
and 1 x 1012 PIBs/mL (4.45%). With the same
concentration of virus, the number of larvae that stop
eating on SlNPV JTM 02-4 was 0.00%, 0.00%, and 2.22%
and at SlNPV JTM 02-5 was 1.11%, 1.11%, and 3.33%.
While in isolates of SlNPV JTM 02-2 and SlNPV JTM 023, it resulted in an earlier time to stop eating, i.e. at 6 HAI
by 1.11% with a virus concentration of 1x1012 PIBs/mL.
The numbers of larvae that stop eating on five isolates
were tested with increasing time of observation. At 24
HAI, the range of the number of larvae stop eating for
each virus isolates in the five concentrations are from
00.00-14.44% (SlNPV JTM 02-1), 0.00-17.78% (SlNPV
JTM 02-2), 0.00-21.11% (SlNPV JTM 02-3), 0.00-34.45%
(SlNPV JTM 02-4), 0.00-69.22% (SlNPV JTM 02-5), and
0.00-80.00% (SlNPV JTM 97c) (Table 1).
Based on the research result, the time of stop eating of
larvae in isolates of SlNPV JTM 02-5 and SlNPV JTM 97c
mostly occurred at 24 HAI at the virus concentrations of
1x108, 1x1010 and 1x1012 PIBs/mL. The time of
armyworm to stop eating occurred after 24 HAI for
another third isolates. Therefore, based on the time of
armyworm to stop eating, apart from SlNPV JTM 97c
which is known for its potential and effectivity, isolate of
SlNPV JTM 02-5 has a high potential as a biopesticide to
control armyworm. In Figure 1, the result is demonstrated
at 24 HAI, the number of larvae to stop eating by isolate of
SlNPV JTM 02-5 was always over other four isolates,
except SlNPV JTM 97c isolate.

Figure 1. Amount of larvae of instar-3 S. litura which stop
feeding at 24 HAI (N=30 larvae), after inoculated with six
isolates of SlNPV (Ia-If) on five-level concentrations of virus
(K2-K5)
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The results of these experiments indicate that the time
to stop eating is influenced by the concentration of SlNPV.
The feeding duration was shortened if the concentration of
inoculated SlNPV increased. The larvae of S. litura stop
eating because inoculated SlNPV allegedly begin to infect
the digestive system of insects. According to O'Neill
(1995), in a little while after eating the virus, the
armyworm will stop eating. The symptoms of SlNPV
infection on armyworms will be seen on one till three days.
Bedjo et al. (2008) mentioned that the abdomen of larvae
would be brownish white; while its back will be blackish
brown. S. litura armyworm which was infected by SlNPV
was marked by its ability to stop eating. Armyworms
infected by SlNPV were generally characterized by the
decrease ability to eat, slower movement, swollen body,
due to viral replication of virus inside the body of an
armyworm. Time of stop eating depended on the species of

Spodoptera. Nurfadila (2004) stated that the result of
SlNPV infection on S. exigua is the damage of the
intestinal epithelial nucleus cell. The damage on the
nucleus cell is an indicator of viral replication in the
nucleus cell (Rimadhani et al. 2013). The longer the
incubation time affected the greater number of the newly
formed viruses in the nucleus cell. The process of the final
stages of infection was if the viral replication became faster
and led to the death of S. litura larvae (Young 2000).
Table 2 showed the mortality of S. litura larvae which
can be found since the observation of 24 HAI. It was equal
to 1.1% to 3.33% in isolates of SlNPV JTM 02-4, 3.33% to
4.23% at JTM SlNPV 02-5, and 5.56 to 7.78% in SlNPV
JTM 97c. Afterward, on observations of 48 HAI, the
mortality of S. litura larvae have been found in all isolates
tested by SlNPV. The mortality of larvae was getting
faster, achieving ≥ 50%, by increasing the faster

Table 1. Percentage of larvae Instar-3 of S.litura that stop feeding at various time observations
Treatment

Percentage of Larvae Instar-3 of S. litura that Stop feeding
Observation (HAI)
6
8
12
24

Concentration
(PIBs/mL)

4

SlNPV-JTM 02-1

1x100
1x106
1x108
1x1010
1x1012

0.00 d
0.00 d
0.00 d
0.00 d
0.00 d

0.00 d
0.00 d
0.00 d
0.00 d
0.00 d

0.00 h
0.00 h
0.00 h
1.11 gh
2.22 fg

0.00 j
0.00 j
1.11 j
4.45 hi
6.67 ghi

0.00 o
2.22 n
4.44 m
10.00 kl
14.44 ij

SlNPV-JTM 02-2

1x100
1x106
1x108
1x1010
1x1012

0.00 d
0.00 d
0.00 d
0.00 d
0.00 d

0.00 d
0.00 d
0.00 d
0.00 d
1.11 d

0.00 h
0.00 h
0.00 h
2.22 fg
3.33 ef

0.00 j
3.33 i
5.56hi
6.67 ghi
7.78 fgh

0.00 o
7.78 l
12.12 jk
15.56 ij
17.78 hi

SlNPV-JTM 02-3

1x100
1x106
1x108
1x1010
1x1012

0.00 d
0.00 d
0.00 d
0.00 d
0.00 d

0.00 d
0.00 d
0.00 d
0.00 d
1.11 d

0.00 h
0.00 h
0.00 h
4.45 e
5.56 de

0.00 j
4.45 hi
5.56 hi
10.00 efg
12.22 cde

0.00 o
10.00 kl
12.12 jk
14.44 fgh
21.11 efg

SlNPV-JTM 02-4

1x100
1x106
1x108
1x1010
1x1012

0.00 d
0.00 d
0.00 d
0.00 d
2.22 bc

0.00 d
0.00 d
0.00 d
0.00 d
5.56 bc

0.00 h
0.00 h
2.22 fg
4.45 e
8.89 bc

0.00 j
4.45 hi
7.78 fgh
10.00 efg
15.56 bcd

0.00 o
11.11 jkl
18.89 ghi
25.56 ef
34.45 d

SlNPV-JTM 02-5

1x100
1x106
1x108
1x1010
1x1012

0.00 d
0.00 d
1.11 cd
1.11 cd
3.33 ab

0.00 d
0.00 d
4.44 c
4.44 c
7.78 b

0.00 h
4.45 e
7.78 cd
8.89 b
12.22 ab

0.00 j
11.11def
16.67 bc
21.00 b
36.67 a

0.00 o
30.00 de
36.67 d
50.00 c
69.22 b

SlNPV-JTM 97c

1x100
1x106
1x108
1x1010
1x1012

0.00 d
0.00 d
2.22 bc
3.33 ab
4.45 a

0.00 d
1.11 d
5.56 bc
7.78 b
11.11 a

0.00 h
4.45 e
10.00 bc
12.22 ab
15.56 a

0.00 j
14.14 cde
21.11 b
32.22 a
38.89 a

0.00 o
36.67 d
54.45 c
70.33 ab
80.00 a

SlNPV Isolate

Note: HAI: Hours After Inoculation. Numbers followed by the same letter are not significantly different at the Duncan test alpha level of
5%. Data in the transformation by the formula √ X + 0.5 prior to analysis with MSTATC Program
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concentration of inoculated virus. In isolates SlNPV JTM
97c, the mortality ≥ 50% was achieved on the observation
of 96 HAI with virus concentration of 1x1012 PIBs/mL,
whereas the level of concentration of 1x1010 and 1x108
PIBs/mL was reached on observations at 120 HAI, and at
concentration of 1x106 PIBs/mL the mortality ≥ 50% could
be achieved on observations at 168 HAI. The isolates of
SlNPV JTM 02-5 were based on the time to stop eating and
it is expected to have a high potential to control S. litura.
Meanwhile, the mortality ≥ 50% was achieved on the
observation at 120 HAI on a concentration virus of 1x1010
and 1x1012 PIBs/mL. On isolates of SlNPV JTM 02-2,
SlNPV JTM 02-3, and SlNPV JTM 02-4, the mortality of
larvae of S. litura which was up to 168 HAI observations
did not reach 50%.
The Probit analysis results using Chi (1997) showed
LC50 values at the instar-3 S. litura for each isolate was
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different, moreover, LC50 values of each isolate were also
different at each observation time (Table 3).
In Table 3 and Figure 2, it is indicated from six tested
SlNPV isolates, the lowest concentration of the deadly
virus up to 50% from the population of armyworm SlNPV
isolates are respectively demonstrated by SlNPV JTM 97c,
followed by SlNPV JTM 02-5, SlNPV JTM 02-4, SlNPV
JTM 02-3, SlNPV JTM 02-1, and SlNPV JTM 02-2. For
example on experiment at 168 HAI, to kill 50% of the
armyworm population (N = 30), isolates SlNPV JTM 97c,
SlNPV JTM 02-5, SlNPV JTM 02-4, SlNPV JTM 02-3,
SlNPV JTM 02-1, and SlNPV JTM 02-2, LC50 need the
virus concentration of: 1x106 (Y=2.3 + 3.2x), 1x108 (Y=2.4
+ 2.8x), 1x1015 (Y= 2.3 + 2.3x), 1x1018 (Y=2.3 + 2.2x),
1x1019 (Y=1.9 + 1.8x), and 1x1027 PIBs/mL (Y=2.5 +
1.7x).

Table 2. The mortality of instar-3 larvae of S. litura at various time of observation
Treatment
SlNPV
Cons
Isolate
(PIBs/mL)

24

48

Mortality of instar-3 Larvae of S. litura (%)
Observation (HAI)
72
96
120
144

168

SlNPV-JTM 02-1

1x100
1x106
1x108
1x1010
1x1012

0.00 e
0.00 e
0.00 e
0.00 e
0.00 e

0.00 i
0.00 i
4.44 gh
6.67 efg
12.12 cde

0.00 o
7.78 mn
10.00 klmn
11.11 jklm
14.45 ghijk

0.00 o
10.00 n
13.33 lmn
14.45 klmn
20.00 hij

0.00 j
12.22 i
14.44 i
16.67 ghi
22.22 f

0.00 n
13.33 m
14.44 lm
18.89 jkl
23.33 hij

0.00 n
13.33 m
17.78 lm
24.44 jkl
30.00 hij

SlNPV-JTM 02-2

1x100
1x106
1x108
1x1010
1x1012

0.00 e
0.00 e
0.00 e
0.00 e
0.00 e

0.00 i
3.33 h
5.56 fgh
10.00 bcde
11.11 bc

0.00 o
6.67 n
10.00 klmn
11.11 jklm
13.33 hijkl

0.00 o
10.00 n
12.22 mn
14.44 lmn
17.78 hijkl

0.00 j
12.22 i
13.33 i
16.67 ghi
21.11 fg

0.00 n
13.33 m
15.56 klm
17.78 klm
23.33 hij

0.00 n
13.33 m
18.89 klm
20.00 klm
28.89 hij

SlNPV-JTM 02-3

1x100
1x106
1x108
1x1010
1x1012

0.00 e
0.00 e
0.00 e
0.00 e
0.00 e

0.00 i
4.44 gh
6.67 efg
10.00 bcd
11.11 bc

0.00 o
12.12 lmn
13.33 hijkl
16.67 fghi
20.00 def

0.00 o
13.33 lmn
14.44 jklmn
20.00 hij
22.22 ghi

0.00 j
14.44 i
15.56 hi
21.11 fg
24.44 ef

0.00 n
16.67 klm
17.78 klm
23.33 hij
27.78 gh

0.00 n
17.78klm
22.22 klm
27.78 hij
34.44 gh

SlNPV-JTM 02-4

1x100
1x106
1x108
1x1010
1x1012

0.00 e
0.00 e
0.00 e
1.11 d
3.33 c

0.00 i
4.44 gh
7.78 cdef
10.00 bcde
11.11 bc

0.00 o
10.00 klmn
15.56 fghij
18.89 efg
21.11cdef

0.00 o
16.67 ijklm
20.00 hij
23.33 gh
26.67 fg

0.00 j
16.67 ghi
20.00 fgh
23.33 ef
28.89 de

0.00 n
17.78 klm
20.00 ijk
25.56 hi
33.33 fg

0.00 n
18.89 klm
24.44 ijk
32.22 hi
42.22 fg

SlNPV-JTM 02-5

1x100
1x106
1x108
1x1010
1x1012

0.00 e
0.00 e
3.33 c
3.33 c
4.23 b

0.00 i
5.56 fgh
8.89 cdef
11.11 bc
11.11 bc

0.00 o
12.22 ijkl
17.78 efgh
23.33 cde
25.56 bcd

0.00 o
21.11 hijk
27.78 efg
34.44 cde
41.11 bc

0.00 j
32.22 d
44.45 c
49.99 bc
53.34 b

0.00 n
34.44 f
46.67 de
54.45 bcd
61.11 b

0.00 n
33.33 f
52.22 de
60.33 bcd
67.00 b

1x100
0.00 e
0.00 i
0.00 o
0.00 o
0.00 j
0.00 n
0.00 n
0.00 e
6.67 defg
17.78 efgh 32.22 def
44.44 c
45.56 e
51.11 e
1x106
5.56 b
11.11 bc
26.67 bc
35.56 cd
50.00 bc
52.22 cde
61.11 cde
1x108
6.67 ab
13.33 ab
31.11 ab
45.56 ab
54.45 b
60.33 bc
68.11 bc
1x1010
1x1012
7.78 a
17.78 a
34.44 a
52.22 a
65.11 a
72.22 a
77.78 a
Note: HAI: Hours After Inoculation. Numbers followed by the same letter are not significantly different at the Duncan test alpha level of
5%. Data in the transformation by the formula √ X + 0.5 prior to analysis with MSTATC Program
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Table 3. The concentration of the deadly virus (LC50) of the isolates SlNPV against instar-3 larvae of S. litura at 24-168 hours after
inoculation
Isolate
of
SlNPV

The concentration of the deadly virus (LC50) of the isolates SlNPV against instar-3 larvae of S. litura at 24-168 hours
after inoculation
24
48
72
96
120
144
168

Ia

-

1 x 10 108

1 x 10 53

1 x 10 51

1 x 10 51

1 x 10 44

Ib

-

1 x 10 97

1 x 10 68

1 x 10 61

1 x 10 61

1 x 10 51

Ic

-

1 x 10 62

1 x 10 48

1 x 10 42

1 x 10 38

1 x 10 35

Id

-

1 x 10 67

1 x 10 42

1 x 10 40

1 x 10 32

1 x 10 23

Ie

1 x 10 155

1 x 10 63

1 x 10 27

1 x 10 16

1 x 10 10

1 x 10 8

If

1 x 10 497

1 x 10 38

1 x 10 19

1 x 10 11

1 x 10 7

1 x 10 7

(Y= 1.9 + 1.4x)

(Y=2.6 + 0.9x)

(Y=1.4 + 2.1x)

(Y=1.8 + 1.8x)

(Y=1.9 + 1.7x)

(Y=2.1 +1.6x)

(Y=2.3 + 1.5x)

(Y=2.1 + 1.8x)

(Y=2.7 + 1.1x)

(Y=2.6 + 1.2x)

(Y=2.4 + 1.6x)

(Y=2.6 + 1.5x)

(Y=2.5 + 1.7x)

(Y=2.8 + 1.7x)

(Y=2.6 + 1.4x)

(Y=2.7 + 1.2x)

(Y=2.9 + 1.3x)

(Y=3.1 + 1.1x)

(Y=2.7 + 1.9x)

(Y=3.1 + 1.8x)

(Y=2.8 + 1.3x)

(Y=2.9 + 1.2x)

(Y=2.9 + 1.3x)

(Y=3.0 + 1.3x)

(Y=3.2 + 1.8x)

(Y=3.6 + 1.6x)

(Y=2.8 + 1.3x)

(Y=2.9 + 1.2x)

(Y=3.0 + 1.3x)

(Y=2.7 + 1.7x)

(Y=2.9 + 2.3x)

(Y=3.1 + 2.2x)

1 x 10 19

(Y=1.9 + 1.8x)

1 x 10 27

(Y=2.5 + 1.7x)

1 x 10 18

(Y=2.3 + 2.2x)

1 x 10 15

(Y= 2.3 + 2.3x)

1 x 10 8

(Y=2.4 + 2.8x)

1 x 10 6

(y= 2.3 + 3.2x)

Note: Data were analyzed by Probit analysis program Chi (1977). Similarities in parentheses (Y = a + bx) is a regression equation of
each value LT50

Figure 2. LC50 SlNPV JTM 02-5 on instar-3 S. litura at 48, 72,
96, 120, 144, and 168 HAI

Figure 3. LT50 SlNPV JTM 02-5 at instar-3 S. litura at virus
concentration of 1 x 106, 1 x 108, 1 x 1010, and 1 x 1012 PIBs/mL

From six isolates of SlNPV that were tested, in addition
to SlNPV JTM 97c, only SlNPV JTM 02-5 that has a high
potential as biopesticide against S. litura instar-3. The
potential is estimated based on the reliability of the LC50
values shown at 96-168 HAI observation time, for
example, the value range of LC50 amounted 1x108 - 1x1016
PIBs/mL. At the same time of observation, the isolate of
SlNPV JTM 97c has an LC50 value range of 1x106 - 1x1011

PIBs/mL. This susceptibility of Spodoptera litura to SlNPV
may also vary depending on the type of host plant offered
as a diet. Karuppaiah et al. (2016a) reported that host plant
had effect on susceptibility of S.litura to different insecticides.
The Probit analysis results using Chi (1997) indicated
that the value of LT50 on instar-3 S. litura for each isolate
was different and LT50 values of each isolate were also
different in every observation time.
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Table 4. Time of death (LT50) of six SlNPV isolates at five different doses on the instar-3 larvae of Spodoptera litura
Isolate of SlNPV

1 x 106

LT50 at various doses on the instar-3 larvae of S. litura (hour)
1 x 108
1 x 1010
1 x 1012

Et all dose

SlNPV JTM 02-1

1844

985

654

372

597

SlNPV JTM 02-2

1158

941

869

567

987

SlNPV JTM 02-3

626

597

475

387

653

SlNPV JTM 02-4

722

600

474

252

430

SlNPV JTM 02-5

217

159

136

122

153

SlNPV JTM 97c

157

138

123

104

127

(Y=1.6 + 1.0x)

(Y=1.1 + 1.3x)

(Y=0.6 + 1.6x)

(Y=1.2 + 1.3x)

(Y=1.0 + 2.6x)

(Y=1.0 + 2.7x)

(Y=1.3 + 1.2x)

(Y=1.2 + 1.3x)

(Y=0.8 + 1.5x)

(Y=1.5 + 1.2x)

(Y=1.9 + 3.1x)

(Y=1.1 + 2.9x)

(Y=1.2 + 1.3x)

(Y=1.5 + 120x)

(Y=1.4 + 1.3x)

(Y=1.7 + 1.2x)

(Y=1.5 + 3.1x)

(Y=1.5 + 3.1x)

(Y=0.9 + 1.6x)

(Y=1.6 + 1.2x)

(Y=1.5 + 1.3x)

(Y=0.5 + 1.9x)

(Y=1.6 + 3.2x)

(Y=2.0 + 3.5x)

(Y=0.8 + 1.5x)

(Y=1.6 + 1.1x)

(Y=1.5 + 1.2x)

(Y=1.1 + 1.5x)

(Y=1.1 + 2.8x)

(Y=1.4 + 3.1x)

Note: Data were analyzed by Probit analysis program Chi (1977). Similarities in parentheses (Y = a + bx) is a regression equation of
each value LT50

In Table 4, it is indicated that out of six isolates that
were tested with SlNPV, the shortest time required to kill
50% of the population of S. litura isolates is demonstrated
by SlNPV JTM 97c, followed by SlNPV JTM 02-5, SlNPV
JTM 02-4, SlNPV JTM 02-3, SlNPV JTM 02-1, and SlNPV
JTM 02-2.
For example, the virus concentration of 1 x 1012
PIBs/mL is needed to kill 50% of the population of
armyworm (N = 30), thus, isolates of SlNPV JTM 97c,
SlNPV JTM 02-5, SlNPV JTM 02-4, SlNPV JTM 02-1,
SlNPV JTM 02-3, and SlNPV JTM 02-2, LC50 takes,
respectively, 104 hours (Y = 2.0 + 3.5x), 122 hours (Y =
1.6 + 3.2x), 252 hours (Y = 0.5 + 1.9X), 372 hours (Y =
0.9 + 1.6x), 387 hours (Y = 1.5 + 1.3x), and 567 hours (Y
= 1.6 + 1.2x) (Figure 3).
Table 4 also indicated that the time to kill 50% of the
population of larvae rise as the increase of the lower
concentrations of virus inoculated. The LT50 value range
of each isolate SlNPV JTM 97c, SlNPV JTM 02-5, SlNPV
JTM 02-4, SlNPV JTM 02-1, SlNPV JTM 02-3, and SlNPV
JTM 02-2, is, respectively, 104-157 HAI, 122-217 HAI,
252-722 HAI, 372-1844 HAI, 387-6726 HAI, and 5671158 HAI.
From the six isolates of SlNPV which were tested, in
addition to SlNPV JTM 97c, it was only SlNPV JTM 02-5
that has a high potential as biopesticide against instar-3 S.
litura. The potential is estimated based on the reliability of
LT50 values shown in virus concentration of 1x1012
PIBs/mL, and on the time required to kill 50% of the larvae
population (N = 30) which was 122 HAI. At the level of
concentration, the virus isolates SlNPV JTM 02-4, SlNPV
JTM 02-1, SlNPV JTM 02-3, and SlNPV JTM 02-2, each
takes 252, 372, 387, and 567 HAI.
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Abstract. Rahmawathi AM, Wijayanto N, Wulandari AS. 2017. Short Communication: Growth analysis of sentang (Azadirachta
excelsa) in agroforestry system. Biodiversitas 18: 589-592. Sentang is one of forestry plants which can be planted in agroforestry
system. It is one of the important medicinal plants grown in different agroforestry systems and contains an active compound of
azadirachtin. It has cone crown and balance branch that makes it suitable to be cultivated in agroforestry system which utilizes lower
stratum or ground. This research aimed to analyze growth and nutrient content of sentang in agroforestry and monoculture system.
Plantation site was in Conservation Unit Research Center for Biopharmaceutical IPB. The sentang was two years old. The design was
complete randomized design with one factor (cropping system) and two treatments (agroforestry and monoculture). The results showed
the increase of sentang height was higher in agroforestry system than the monoculture due to additional nutrition obtained by sentang in
agroforestry system derived from fertilizing activity at the beginning of soybean planting. Nutrient content of sentang was higher in
agroforestry plot than monoculture. Fertilizing activity of soybean led to an increase of sentang in agroforestry system.
Keywords: Agroforestry, Azadirachta excelsa, nutrient content, growth analysis, cropping system

INTRODUCTION
Sentang is the common name of Azadirachta excelsa
(Jack) M. Jacobs that belonging to the family Meliaceae. It
is one of the important medicinal plants grown in different
agroforestry systems and contains an active compound of
azadirachtin (C33H44O16). It is one of the triterpenoids
compound and sources of good bio-pesticide. This
compound of azadirachtin does not kill the insects directly,
but it stimulates sterility in the adult stage, inhibit the
growth and life cycle process, and act as a repellent, and
antifeedant (Morgan 2009; Emerenciano et al. 2015).
Sterility occurs because azadirachtin works by inhibiting
hormone production. Azadirachtin compound is also effective
to control over 195 species of insects such as armyworms
and caterpillars (Trichoplusia ni and Pseudaletia
unipuncta) (Akhtar et al. 2008; Mazid et al. 2011). In
addition, the concentration of azadirachtin in sentang can
be influenced by environment and not merely by genetic
substances in the plant itself (Shukor and Seong 2006).
Sentang is fast growing species and is usually harvested
after five years of planting which provides an alternative to
fulfill wood supply. Due to continuously increasing
demand of wood for various needs, the wood supply for
market purposes must be fulfilled. In Malaysia, sentang has
been preferred as a commercial timber since 1997. Its wood
can be utilized as lightweight construction, furniture, panel,
and veneer. In Thailand, an average growth rate in girth
size is 8-10 cm per year. Various parts of sentang tree
(seed, flowers, and edible young shoots) have been used for

traditional medicine. This particular tree has been reported
for its effective use against human diseases such as heart
disease, psoriasis, nerve disorders, diabetes, eczema, and
blood pressure (Shukor and Seong 2006; Nordahlia et al.
2014). Besides several utilities, the cone-shaped crown also
makes it a suitable for incorporating in agroforestry system.
Agroforestry system is the utilization of components in
time and space together (Alao and Shuaibu 2013)).
Agroforestry can protect the soil from erosion and reduce
the needs for fertilizer or nutrient from outside the
plantation. The existence of recycling crop residue derived
from the trees during the pruning time is very
advantageous. Other common advantages of agroforestry
are that it produces higher timber quantity and density
(Datta and Singh 2007), increase the abundance and
diversity of invertebrates of soil around the ecosystem
(Kinasih et al. 2016), and increase wood growth and
volume (Tomar et al. 2009). On the other hand, research
about sentang in agroforestry system is still a little bit in
Indonesia. Based on that reason, the research is to analyze
growth and nutrient content of sentang in agroforestry and
monoculture system.
MATERIALS AND METHODS
Study area
This experiment was performed in the land owned
Conservation Unit Research Center for Biopharmaceutical
Cikabayan, IPB Dramaga Bogor, West Java, Indonesia
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with a size of 300 m2. It is located between 106° 43’ 0.81”
E, and 6° 33” 51.95” S (Figure 1). Sentang stands in
research location was two years old with a spacing of 2.5 m
x 2.5 m. In the first year, this location had been planted
with four varieties of soybean under the stands. In the
second year, it was replanted with soybean using the three
best soybean varieties for the previous study.
Tillage was performed before soybean was planted
under sentang stand with a spacing of 0.5 m. In the second
year, soybean cultivation was fertilized using goat and
poultry manure. Pest and disease control management was
additionally done for soybean using bio-pesticide derived
from sentang leaves extract. In this agroforestry system,
sentang particularly acquired maintenance activity such as
weeding for the growth of soybean, as the gap plant.
Data collection
On the field and monthly data was collected for its stem
diameter at breast height level (1.30 cm from the ground)
using a caliper and the stem was then painted with red line
for its next measurement. Height was measured from the
base up to the apical shoot. All these data was for all
individuals and in every season until the soybean
cultivation ended. The parameters measured for the crown
were its length and width. Measurement of the root system
was conducted for sentang in the depth of 0-20 cm
(Wijayanto and Hidayanthi 2012). Root measurement was
done upright with soybean mound. Soil digging was
stopped if root had been found in 0-20 cm depth but the
digging kept continuing if the root had not been found. The

measurement was done for every 50 cm to the right and left
direction from previous digging point until the root was
found. The measurement was done in line with soybean
mound (east and west). Observation and data collection
was done before planting and after soybean harvested.
Observation and data collection was done before planting
and after soybean was harvested.
Data analysis
The design was complete randomized design with one
factor (cropping system) and two treatments (agroforestry
and monoculture). Each treatment was repeated 14 times.
Design model was (Mattjik and Sumertajaya 2006):
Yij = µ + αi + βj+ εij
Where:
Yij : observation on treatment-i and replication-j
µ
: mean
αi : effect of treatment -i
βj : effect of replication -j
εij : random effect on treatment-i and replication-j
distributes normally
Analysis of variance (ANOVA) was performed with
least significant different of 5% to see the difference
among treatments. Duncan’s Multiple Range Test of alpha
5% was performed if there was significantly different to the
observed parameter. Data was processed by SAS 9.0
program.

Figure 1. Location of Conservation Unit Research Center for Biopharmaceutical Cikabayan IPB, Bogor, West Java, Indonesia
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Analysis of nutrient content in sentang leaf
Analysis of nutrient content was performed before
planting and after soybean harvesting. Leaf sample was
from agroforestry and monoculture which was randomly
taken then composited. The weight was 100 g of the dry
leaf. Analysis of nutrient content was performed in Testing
Laboratory, Department of Agronomy and Horticulture,
Institut Pertanian Bogor, Indonesia.
RESULTS AND DISCUSSION
Growth of sentang
The increase of diameter and height of sentang in
agroforestry was greater than monoculture (Table 1).
Tillage in agroforestry also contributed to higher nutrient
and water uptake in the sentang root. The increase of
diameter and height in agroforestry system significantly
occurred during the first month after soybean planting.
Height gain was still significant in the second month after
soybean planting. Study of Shukor et al. (2015) indicated
that initial growth of sentang seedlings showed better
results in the very beginning when the treatment. The
process of diameter increasing was slower than height
increasing.
The increase of sentang crown diameter in monoculture
and agroforestry system gave the same result. In
agroforestry system, sentang crown directly covered the
mound of soybean. It caused the exposure of light to lower
surface were reduced. Narrow sentang spacing was also the
factor of bigger crown density in the stand. Study of
Sabarnudin et al. (2004) confirmed that mahogany crown
density in alley cropping affected the canopy density in that
area. This canopy density was associated with the light
received by crops under the stand. In agroforestry system,
tree component and crop under its shade will cause
interactions on the top and below the soil surface.
According to Suryanto et al. (2005), tree canopy
provides interaction above soil surface that affects the
width cover of crops. Interaction below the surface is
determined by the root system of each species. It also
affects indirectly to the tree crown and root development.
The result of the observation of sentang root showed that
root length and depth in monoculture system gave the same
result. The length and depth of the root showed no
difference in the treatments given because fertilized of
soybean plant in agroforestry used organic manure.
Organic fertilizer is given to the soybean plants through the
decomposition process. While fertilized use of chemical
fertilizer, the availability of nutrients plant can be directly
absorbed by the roots. Sentang roots intersected each other,
so there would be competition in nutrient and water uptake
around the plant. There is a potential tool for managing
below-ground competition in agroforestry, such as tree root
pruning. Agroforestry applies cultivation concept in the
form of combination between a plant with a shallow root
and a plant with deep root. The trees are having deep and
vertical root is able to absorb nutrient higher than the tree
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with a shallow root and can also function as soil and water
holder (Suprayoga et al. 2002, Masukwe et al. 2008).
Table 1. Characteristic of sentang growth in monoculture and
agroforestry system
Parameters

F test

Cropping system
MonoAgroculture
forestry

Increased of diameter (cm)
1st month
*
1.01b
1.25a
nd
a
2 month
ns
0.39
0.37a
rd
a
ns
0.19
0.24a
3 month
Increased of height (m)
*
0.76b
1.23a
1st month
2nd month
*
0.34b
0.56a
rd
a
ns
0.47
0.36a
3 month
a
Increased of crown diameter (m) ns
0.40
0.37a
0.37a
Increased of root length (m)
ns
0.38a
b
Increased of root depth (cm)
ns
2.54
3.70a
Note: (ns): Not significantly different; (*): significantly different
on alpha 5%; Numbers followed by the same letter are not
significantly different on alpha 5% (Duncan’s Multiple Range
Test)
Table 2. Comparison of sentang nutrient content before planting
and after soybean harvesting

N (g/plant)
P (g/plant)
K (g/plant)

Before soybean
planting
2.22
0.11
0.81

After soybean harvesting
Monoculture Agroforestry
2.67
2.81
0.15
0.15
1.11
1.40

Nutrient content
Nutrient content of sentang increased in monoculture
and agroforestry system (Table 2). The increase of nutrient
(N, P, and K) content planted in monoculture were 0.45
g/plant, 0.04 g/plant, and 0.30 g/plant, respectively.
Whereas the increase of sentang nutrient content planted in
agroforestry for N, P, and K was 0.59 g/plant, 0.04 g/plant,
0.59 g/plant, respectively. The difference of nutrient
content of the two locations was not significant except for
K nutrient. High nutrient content on sentang planted in
agroforestry is also indicated by the bigger diameter and
height increment compared to the plant in monoculture.
Availability and amount of nutrient content in this research
shows that N was absorbed highest followed by K and P.
The effect of N fertilizer to 39 years old sentang also
increased the content of N, P, and K in the leaf. The
nutrient increase was also followed by the increase of
diameter and total stem volume (Ong et al. 2012).
The increase of nutrient content on sentang planted in
agroforestry was due to the fertilizer which was given to
soybean, which affected sentang as well. The availability of
added nutrient from organic fertilizer in the first year was
predicted to cause the differences in nutrient content which
was not too big. The existence of soybean also helped to
provide several nutrients indirectly. The larger amount of
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nitrogen was because of the ability of soybean root nodule
in N2 fixation from the atmosphere. Nutrient content could
derive from leaf or another plant part which falls to the
ground. Leaf of soybean which falls also contributes to the
soil nutrient. Re-absorption of nutrient from decomposed
leaf could be one of the key ways to prevent the lost of soil
nutrient. The absorbed nutrient will be transported and
distributed to the new tissues or stored as food stock. The
result of the process of leaf decomposition into litter and
partially into organic materials will be re-used as a nutrient
source by the plant (Singh et al. 2005; Hasanuzzaman and
Hossain 2014).
Two years old sentang planted in agroforestry along
with soybean had a bigger increase in height and diameter
than in monoculture. Nutrient content of sentang planted in
agroforestry was higher than in monoculture. Agroforestry
of sentang and soybean planted organically can be done
again on the next planting period to identify its
effectiveness for sentang growth.
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Abstract. Wahyuni S, Supartha IW, Ubaidillah R, Wijaya IN. 2017. Parasitoid community structure of leafminer Liriomyza spp.
(Diptera: Agromyzidae) and the rate of parasitization on vegetable crops in Lesser Sunda Islands, Indonesia. Biodiversitas 18: 593-600.
Parasitoids such as leafminer have long been known to play an important role in reducing potential pest populations. However, detailed
information about the parasitoid community in many agroecosystems is still very limited. To attempt to address this data gap, we
assessed the rate of parasitism, diversity, abundance and dominance of leafminer parasitoids in different agroecosystems. The survey
was carried out from February to July 2015 in Lesser Sunda islands of Lombok, Sumbawa, Flores and Timor. Samples were taken from
three different vegetable ecosystem types the forest edge (H1), agricultural (H2) and settlement (H3). In each ecosystem, 50 leaves were
sampled from 20 kinds of vegetable crops attacked by Liriomyza spp. Samples were taken five times per location every week. The
sampling results found three distinct species of leafminer flies present: Liriomyza huidobrensis, L. sativae, and Chromatomyia horticola.
The sampling also successfully identified 7 other parasitoids with parasitization rates between 0.09%-32.58% i.e. Neochrysocharis
formosa (8.20%-32.58%), Hemiptarsenus varicornis (4.57%-24.21%), Opius chromatomyiae (0.88%-22.35%), Opius dissitus (0.49%5.08%), Neochrysocharis okazakii (0.69 %-1.24%), Asecodes deluchii (0.51%-5.89%) and Gronotoma micromorpha (0.09%-0.34%).
Indices of abundance (R) and diversity (H') were also calculated, with the highest species abundance being found on the Lombok and
the lowest on the Sumbawa. Neochrysocharis formosa abundance was found in all the islands sampled, while the dominance (D = 0.43)
was found on the Sumbawa. N. formosa was found to have the highest population abundance and parasitism rate, and was found on
every island in Lesser Sunda including on the Lombok (1853 adult; 31.16%), Sumbawa (472 adult; 8.2%), Flores (1117 adult; 15.96 %)
and Timor (984 adult; 22.18%). The results of these studies suggest a strong need for effective pest control policies for Liriomyza spp. in
the research locations, as well as for other vegetable crops in Indonesia
Keywords: Agronomy, community structure, Indonesia, Lesser Sunda Islands, Liriomyza, parasitoids, vegetable crop

INTRODUCTION
Liriomyza (Diptera: Agromyzidae) is a cosmopolitan
insect which is an important pest for a variety of vegetable
crops in tropical and subtropical countries. It can spread
quickly within vegetable and ornamental crop ecosystems
in the uplands and lowlands in Indonesia (Shepard et al.
1998; Rauf et al. 2000; Supartha et al. 2005). Almost all
commercial vegetable crops in Indonesia and especially
those in important growing regions like Java, Bali,
Sumatra, Sulawesi, Kalimantan and Lombok, have been
attacked by Liriomyza (Supartha 1998; Rustam et al. 2008).
There are nine leaf miner species which have been
recorded in Indonesia, namely L. brassicae, L. caulophaga,
L. chinensis, L. huidobrensis, L. katoi, L. pusila, L. sativae,
L. chinensis, L. katoi, L. yasumatsui and Chromatomyia
horticola (Malipatil and Ridland 2008). Two species which
have been found in Bali and Lombok are L. huidobrensis
and L. sativae, each of which is dominantly distributed
through the highlands and lowlands (Supartha 2003;
Supartha et al. 2005). Liriomyza spp. infestation of potato
crops in Bali can reduce yields up to 60% (Supartha 2003)

and in Palu, losses of up to of 81.96% have been recorded
(Lologau 2010). In 2012, a research found that Liriomyza
spp. infestation had also to the failure of 24 Ha of onion in
Palu (Sahabuddin et al. 2012).
Liriomyza spp. control efforts have been made in some
areas in Indonesia with scheduled insecticide applications,
but such efforts have not been able to suppress the
population or damage done to crops (Baliadi 2009). In
addition, the application of insecticides has also had a
negative effect on beneficial non-target organisms,
particularly parasitoids and can trigger the development of
resistance to the pests to insecticides (Georghiou and Saito
2012), which makes pest control efforts even more
difficult. Alternative use of biological agents, particularly
parasitoids for Liriomyza spp. population control, has not
been carried out intensively in Indonesia because there is a
lack of information on its species composition as well their
potential roles in parasitism. In some countries, biological
control efforts have been carried out by utilizing
information on the parasitoids whereabouts (Trumble 1990;
Murphy and La Salle 1999; Chow and Heinz 2004; van der
Linden 2004; Abd-Rabou 2006). At least 23 parasitoids

594

B I O D I V E R S I T A S 18 (2): 593-600, April 2017

species have been used in biological control programs to L.
trifolii Burgess and L. sativae Blanchard (Diptera:
Agromyzidae) in Senegal, California, Hawaii, Barbados,
Marianas, Tonga, Taiwan and Guam (Petcharat 2002).
Today, research on the existence and role of parasitoids in
populations of Liriomyza spp. in nature has gained the
attention of the researchers from various countries around
the world. Some researchers in Indonesia have discovered
as many as 17 species of parasitoids which parasitize
Liriomyza spp. (Rauf et al. 2000; Ubaidillah 2003;
Supartha et al. 2005; Syamsudin 2008). Among those
parasitoids, H. varicornis has been found to be adapted to
the vegetable crops of Indonesia (Baliadi and Tengkano
2010) and has been found to be able to parasitize L.
huidobrensis at rates of 40.63% (Setiawati and Suprihatno
2000), however, the potential of this parasitoid has not
been widely considered as a means of pest control. The
composition and distribution of agricultural pest and their
parasitoids are known to be influenced by differences in
ecosystems, climate, and by the diversity of biotic and
abiotic factors found in the various regions of the
Indonesian archipelago (Hondikson and Casson 2008).
Geographically, Lesser Sunda has a climate and ecosystem
which are unique and different from the Western part of
Indonesia (Monk et al. 2013). Due to this unique
agroecology, these areas many have a different community
of agricultural pest and their parasitoids. In order to
develop a better understanding of the structure of the

community of leafminer pests and their parasitoids, a
survey was conducted in different agricultural landscapes
spread across four islands of Lesser Sunda. It is hoped that
determining the parasitoid community structure of
Liriomyza spp. affecting vegetable crops may help in
optimizing the control of the pest, especially in the
development of localized control strategies.

MALTIERIALS AND METHODS
Study area
Leafminer and their parasitoids were sampled
simultaneously on the island of Lombok, Sumbawa, Flores
and Timor from February to July 2016 in selected
vegetable ecosystems. Three types of these ecosystems
were selected, namely (i) the edges of forests, (ii)
agricultural areas, and (iii) residential areas located in both
highlands and lowlands (ranging in elevation from 42
meters above sea level-1,301 meters above sea level)
(Figure 1). Climate information including temperatures
ranging from 24.7-35.6oC and humidity ranging from 4886% were recorded. The samples were identified by genera
and species using the key provided by Spencer and
Steyskal (1986) and Malipatil et al. (2004) for flies and
parasitoid based on the key of South East Asian Leafminers
provided by Fisher et al. (2005) and Li (2011).

Figure 1. The sampling location of leaves infested by Liriomyza spp. in Lesser Sunda Islands, Indonesia. 1. Darmasaba, 2. Sembalun, 3.
Jereweh, 4. Sakuru, 5. Welak, 6. Kelimutu, 7. Oetune, 8. Kasangnana
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RESULTS AND DISCUSSION
Procedures
Sampling was done by purposive method (Tongco
2007; Montong et al. 2015) of 20 varieties of vegetable
crops which were indicated with leaf miner attack
symptoms. All leafminer infested leaves were collected
every day for one week. All the collected samples were put
in plastic bags separately for each sample unit (50 leaves
attached per varieties) which were then stored temporarily
in a cool box to be brought to the laboratory. All samples
were then transferred into a growth chamber and
maintained at room temperature (28oC, 80oH) for further
development of flies and their parasitoids. The emerged
adults of leafminer flies and their parasitoids were carefully
separately, and each was kept in a small vial containing
96% alcohol for further identification.
Data analysis
Rate of parasitization according to Russell (1987)
Rate of parasitization =
x 100%

Abundance index using Margalef index (Magurran
2004)
R1=
Where:
R1= Abundance index
S= Total species found
N= Total individuals
Species diversity index calculated by Shannon-Winner
(Magurran 2004)
H '=-ΣPi.ln Pi
Where:
H'= diversity index
Pi= Proportion types to-i
Dominance index calculated using Menheinick index,
(Magurran 2004)
D=Σ
Where:
D = Dominance index
Ni= Total individuals types to-I
N= Total individuals

Results
Three leaf miner species were found in Lesser Sunda
(Liriomyza huidobrensis, Liriomyza sativae and
Chromatomyia horticola) along with 7 parasitoid species
(Hemiptarsenus varicornis, Neochrysocharis formosa,
Neochrysocharis okazakii, Opius dissitus, Opius
chromatomyiae, Gronotoma micromorpha and Asecodes
deluchii). The diversity and abundance of leaf miner
species and their parasitoids on each island studied show
variations of parasitoids and different number of total
individuals (Table. 1)
Sumbawa Island was found to have the lowest species
abundance of Liriomyza spp. (S = 2) and parasitoids (S =
5), the highest individual abundance of Liriomyza spp.
(5284 adults) and the lowest parasitoid abundance (825
adults, R1 = 0.60) among the sampled islands. Meanwhile,
the diversity index in Sumbawa was the lowest (H '= 0.75)
among other islands but it had the highest the dominance
index value (D = 0.43). This condition indicated that
agricultural ecosystems in Sumbawa are less stable
ecologically, especially in the relationship among planthost-parasitoids. Instead, Flores has the highest diversity
index value (H'= 1.44) indicating a more stable agricultural
environment in comparison to other sampled islands
In this study, five parasitoids species have been found
on four islands and two types, G. micromorpha and N.
okazakii are found only on the Lombok and Flores. The
highest levels of parasitization from the five parasitoids
species was N. formosa (32.58%), H. varicornis (24.21%),
O. chromatomyiae (22.35%), O. dissitus (5.08%), and A
.deluchii (5.89%). This level of parasitization indicates that
there are five parasitoid species that have the ability to
spread and adapt well to the environment of vegetable
crops in Lesser Sunda. The type of ecosystem plays an
important role in determining the structure of insect host
communities and their natural enemies. Table 2 shows the
community structure and level of parasitization from 7
parasitoids on three types of agroecosystem in Lesser Sunda.
In this study, it was found that the index of diversity,
abundance, and dominance of parasitoids in all vegetable
crops in highland areas was higher than in lowland areas.
Table 2 also shows that the index values of diversity,
abundance, dominance, and level of parasitization on
agroecosystem at the edge of forest (H1) is higher than the
index value in agricultural areas (H2) and around
residential areas (H3) despite the fact that individual
abundance (N) in H1 is lower compared to H2 and H3.
The level of parasitization was found to vary from crop
to crop (Table 3) both in agricultural ecosystems of
highlands and lowlands. The results show that long beans,
red bean, and tomato tend to have pests with a high level of
parasitization compared to other varieties. These results
prove that Liriomyza spp., parasitoids and host plant
communities developed in accordance with the surrounding
environment. Parasitoid diversity, abundance, and
dominance on the various types of vegetables is displayed
in Table 3.
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The highest levels of parasitization sequentially
occurred in long bean (23.02%), tomato (21.36%),
common bean (17.25%), red bean (13.18%), dolichos bean
(12.46%), and potato (12.23%). In this study, it was also
found that several species of wild plants that grow in
similar environments to food crops were also under attack
by Liriomyza spp. with high parasitoid abundance index
value (R> 5.0), such as Emilia sonchifolia (R: 6.697),
Tephrosia candida (R: 6.228), Centrosema pubescens (R:
5.823), Indigofera suffruticosa (R: 5.387), and Crotalaria
juncea (R: 5.346), 5 species of those plants included in the
Leguminosae family.
Discussion
The high individual abundance of Liriomyza spp. in
Sumbawa (Table 1) is supported by the availability of year-

round vegetable crops grown in monoculture by most
farmers. From this phenomenon, it can be assessed that the
vegetable farming systems applied in Sumbawa greatly
affect the low diversity of parasitoid species and high
abundance of pests. Previous research has proven that
monoculture farming systems may increase pests (Bianchi
et al. 2006), as occurred in Sumbawa. The implications of
this research are that monoculture farming systems in
Sumbawa may increase the risk of Liriomyza spp. attack. In
theory,
monoculture
systems
are
unsustainable
environments, in particular for the relationship between the
host plant, pests, and their parasitoids (Bianchi et al. 2006)
which are what pest dominance tends to be higher in these
systems.

Table 1. Structure of leaf miner Liriomyza spp. parasitoid community in Lesser Sunda
Lombok Islands

Parasitoid species / Indications

1225 / 24.21
1853 / 32.58
48 / 1.24
205 / 5.08
491 / 22.35
240 / 5.89
13 / 0.34

H. varicornis
N. formosa
N. okazakii
O. dissitus
O. chromatomyiae
A. deluchii
G. micromorpha

Sumbawa Islands
Flores Islands
Total Individuals (adult) / Parasitization rate (%)
253 / 4.57
832 / 12.32
472 / 8.20
1117 / 15.87
0/0
41 / 0.69
26 / 0.49
162 / 2.66
47 / 0.88
319 / 5.11
27 / 0.51
277 / 4.47
0/0
2 / 0.03

Timor Island
674 / 16.34
984 / 22.18
0/0
177 / 4.88
303 / 8.07
164 / 4.54
3 / 0.09

N parasitoids
4075
825
2750
2305
N Liriomyza spp.
3834
5284
5921
3452
S parasitoid
7
5
7
6
S Liriomyza spp.
3
2
3
3
R1
0.76
0.60
0.73
0.65
H’
1.36
0.75
1.44
1.38
D
0.32
0.43
0.28
0.29
Note: N = Individual abundance, S = Species abundance, R1= Abundance Index, H' = Diversity index, D = Dominance Index

Table 2. Structure of leaf miner Liriomyza spp. parasitoid community in three types of agroecosystem in the highlands and lowlands in
Lesser Sunda
Parameter

Lombok Island
H1
H2

H3

Sumbawa Island
H1
H2
H3

Flores Island
H1
H2

H3

Timor Island
H1
H2

H3

Lowland data
N
S
R1
H’
D
TP

82
5
0.91
1.49
0.24
29.38

471
6
0.81
0.82
0.58
19.35

34
5
1.13
1.59
0.21
5.75

95
5
0.88
1.32
0.33
19.93

376
6
0.84
1.22
0.41
3.76

86
5
0.9
1.16
0.38
18.87

403
5
0.67
1.01
0.44
12.40

1662
6
0.67
1.22
0.38
25.86

572
5
0.63
0.75
0.63
5.03

219
5
0.74
0.80
0.63
3.87

566
6
0.79
1.35
0.330
12.22

Highland data
N
36
1334
490
102
428
1173
S
6
7
7
5
6
7
R1
2.79
0.83
0.97
0.86
0.83
0.85
H’
1.73
1.43
1.20
1.61
1.28
1.44
D
0.19
0.27
0.37
0.20
0.32
0.26
TP
30.45
30.07
24.95
23.14
18.07
3.85
Note: N = Individual abundance, S = Species abundance, R1 = Abundance index, H' = Diversity index, D
Parasitization rate, H1 = the edges of forests, H2 = ) agricultural areas, H3 = residential areas

521
5
0.64
1.52
0.24
17.94

52
390
853
5
5
6
1.01
0.67
0.74
1.50
1.34
1.36
0.24
0.31
0.30
26.31
19.75
16.79
= Dominance Index, TP =
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Table 3. Community structure and level of parasitization of leaf miner Liriomyza spp. parasitoids on any type of host plants in Lesser
Sunda types of host plants
Index value
TP
R1
H’
Leek
Allium fistulosum L.
158
2.298
3.804
0.066
Spinach
Amaranthus L.
89
2.487
4.222
0.043
Winter melon
Benincasa hispida (Thunb.) Cogn.
55
1.783
3.802
0.029
Chinese cabbage
Brassica pekinensis L.
73
1.778
4.195
0.036
Leaf green
Brassica juncea L.
72
2.551
3.274
0.01-3
Cabbage
Brassica oleracea L.
60
2.135
3.419
0.031
Bok choy
Brassica rapa L.
322
3.512
3.262
0.112
Calopo
Calopogonium mucunoides Desv.
21
2.482
3.942
0.013
Centella
Centella asiatica (L.) Urb
15
0.646
4.431
0.010
Centro
Centrosema pubescens Bth.
22
0.543
5.823
0.014
Watermelon
Citrullus vulgaris (Schard.) Fursa
90
2.183
4
0.043
Brown hemp
Crotalaria ferruginea Grah.
29
0.714
5.346
0.017
Cucumber
Cucumis sativus L.
602
8.835
2.703
0.171
Pumpkin
Cucurbita moschata Duchesne
275
3.827
3.203
0.100
Zucchini
Cucurbita pepo L.
361
8.218
3.057
0.121
Lilac tassel flower
Emilia sonchifolia L.
6
7.220
6.697
0.005
Guatemalan indigo
Indigofera suffruticosa Gaertn.
37
0.918
5.387
0.021
Dolichos bean
Lablab purpureus (L) Sweet.
574
12.462
2.833
0.166
Angled luffa
Luffa acutangula (L.) Roxb.
164
1.653
3.993
0.068
Red bean
Vigna angularis Willd.
1233
13.177
2.13
0.260
Common bean
Phaseolus vulgaris L.
1446
17.25
2.47
0.282
Gooseberry
Physalis angulata L.
82
2.895
3.177
0.040
Pueraria
Pueraria javanica (Benth.)
34
1.221
3.97
0.020
Rorippa
Rorippa indica (L.) Hiern
41
1.007
4.847
0.023
Chayote
Sechium edule (Jacq.) Sw
183
3.174
3.23
0.074
Tomato
Solanum licopersicum L.
1298
21.335
2.422
0.267
Eggplant
Solanum melongena L.
189
2.131
3.559
0.076
Potato
Solanum tuberosum L.
562
12.234
2.843
0.163
White hoarypea
Tephrosia candida (Roxb.) DC.
18
0.444
6.228
0.012
Long bean
Vigna sinensis (L.) Savi ex Hassk.
1747
23.027
2.352
0.307
Note: N = Total individuals in the population, H'= Diversity index, D=Dominance, Index, R = Abundance Index, TP =
parasitization
Common name

Scientific name

According to Aquilino (2005), a stable environment has
a high diversity index value (H') and high abundance (R1)
and low dominance (D). Flores has a higher diversity index
value (H') than the other islands. The high parasitoid
diversity will encourage the balance of Liriomyza spp. pest
populations in nature. The mixed farming systems
commonly found in Flores contribute to the relationship
stability between Liriomyza spp. pests and their parasitoids,
in accordance with the findings of previous researchers in
other places (Robinson and Sutherland 2002). The high
diversity and abundance of parasitoids in Flores prove that
mixed farming system can suppress the development of
pest populations and increase the role of natural enemies
(Andow 1991; Altieri 1999; Paulsen et al. 2006). The
increased role of parasitoids in these mixed farming
environments leads to high levels of parasitization as
indicated by N. formosa on each island in Lesser Sunda.
Five of the seven parasitoid species found in Lesser Sunda
are highly adapted to the islands on which they live,
possessing distinctive characteristics that allow them to
adapt to their environment (Doutt et al. 1976). Those
characteristics are utilized by each parasitoid so that it can

N

D
0.26-3
8.15-5
3.11-5
5.48-5
5.33-5
3.71-5
1.07-3
4.54-7
2.32-5
4.98-6
8.34-5
8.65-6
0.004
0.78-3
1.34-3
3.71-7
1.41-5
0.003
0.28-3
0.016
0.022
6.92-5
1.19-5
1.73-5
0.35-3
0.017
0.04-2
0.003
3.33-6
0.031
Level of

multiply and spread successfully within the vegetable
ecosystems in Lesser Sunda.
Data in Table 2 shows that the community structure
component in the highlands is higher compared to the
lowlands. These high indexes are due to the
agroecosystems in the highlands, which have to acclimate
that supports the implementation of diversified agricultural
systems so that the supporting components (prey species,
adequate shelter, etc.) for parasitoid success are available
continuously. Table 2 also indicates index values of
diversity, abundance, and dominance of leafminer
parasitoids in the three ecosystem types that show very
significant differences in the context of agricultural
ecosystem management. The diversity displayed in the
index is not merely measured by the number of species but
also by the disparity of individuals in each species. The
data is in accordance with the findings of other studies on
the diversity of insects in general (Fottit and Adler 2009).
The average index of diversity, abundance, and dominance
in Lesser Sunda indicates that there has been a combination
of ecological processes taking place among the host plants,
host parasitoids, and the surrounding environment (Hunter
2002)
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The stability of the insect community not only depends
on its diversity but also on the natural density of trophic
levels (Southwood and Way 1970). The study results show
that the diversity of insect pests, parasitoids (Thies and
Tscharntke 1999; Thomson 2010) and predators (Schmidt
et al. 2008) are also affected by the interaction of
uncultivated (often native) plants and insects. Multicultural
cropping systems allow uncultivated plants to grow around
the agroecosystem, creating a microhabitat that has a strong
influence on species diversity of the host plant, host, and
parasitoid (Arthur and Abrahamson 1985; Lawson et al.
2014; Tantowijoyo and Hoffman 2010). The findings of
this study suggest a strong ability of parasitoids such as
Liriomyza spp. to develop within more complex
ecosystems. This finding highlights the importance of the
conservation of agricultural ecosystems with refugia plants
planted in monoculture around cropping areas or that
employ the use of intercropping so that shelter, food
resources or other resources for natural enemies such as
predators and parasitoids can be provided (Letourneau et
al. 2012). Results of previous studies have proven that
various types of weed from the family of Umbelliferae,
Leguminosae, and Compositae play an important role as a
food source for adult parasitoids to suppress the
populations of insect pests (Altieri 1999).
The highest level of parasitization in all three
ecosystem types is H1 in both highlands and lowlands
(Table 2). These findings reinforce a better role for
parasitoids within complex and stable ecosystems.
Ecosystems on agricultural (H2) and settlement (H3) areas
are not stable due to the common use of monocultural
cropping patterns applied leading. The pattern of
monoculture
crops
can
increase
agroecosystem
vulnerability to pests (Shah et al. 2015) due to the
availability of food or similar host plants continuously over
time and space (Mujica and Kroschel 2011). Therefore, the
action of pest management through the use of natural
enemies and increasing the diversity of plants through the
application of intercropping, crop rotation and open lands
cultivation is highly important because it can increase the
stability of the ecosystem and reduce the risk of pests
(Altieri and Nicholls 2004) because it makes it more
difficult for pests to find the main host (Gurr et al. 2004).
Several articles have supported the hypothesis that high
commodity diversification or multiculturalism can reduce
the role of herbivores and enhance the role of natural
enemies (Altieri 2012). Additional restrictions on the use of
pesticides, especially those with broad-spectrum effects, is
an effort to restore the stability of at-risk ecosystems (Ohno
et al. 1999). The application of these findings provides
natural enemies in the ecosystem and has a major role in
regulating populations of Liriomyza spp. naturally, which
would then fluctuate dynamically around a position of
general equilibrium.
Diversity, abundance, and dominance of parasitoid on
different varieties of vegetable crops in Lesser Sunda is
considered moderate. The previous study reported that
Liriomyza spp. can attack at least 21 plant families (Rauf et
al. 2000; Supartha 2003; Andersen et al. 2008) but the
parasitoid in Lesser Sunda still plays a role in controlling

the population of Liriomyza spp. The research results in
Table 3 show that the level of parasitization is still high in
some varieties of vegetable crops, especially for long bean
(23.02%), tomato (21.36%), common bean (17.25%), red
bean (13.18%), dolichos bean (12.46%), and potato
(12.23%). This is consistent with results of previous studies
that show that Liriomyza spp. is known to have severe
attacks and has become a major pest in the Solanaceae
family, especially potato and tomato (Jones and Parella
1986; Trumble and Nakkakihara 1983) and will also select
types of plants from legume family (Tryon et al. 1980) as
the best breeding ground among other crops (Maryana
2000). The high levels of parasitization for each type of
plant shows that neither the host nor the parasitoid has the
main host, since the nutrient content and morphology of
multiple host plants are useful for the shelter and
reproduction (Mujica and Kroschel 2011). This
phenomenon proves that the existence and the level of
parasitization of parasitoid depend heavily on the
relationship between the host plant, insect host, and its
parasitoids. The discovery of five species of wild plants
around the crops with a value of R> 5.0 proves that the
refugia plants are required to enhance the parasitoids role.
These findings are consistent with the findings of Baliadi
(2009), which used weed Rorippa indica (L.) as refugia
plants so to improve the H. varicornis performance by
12%.
The results of this study reveal that N. formosa is the
parasitoid species that has the highest of parasitization in
Lesser Sunda, while the results of previous studies have
shown that H. varicornis have the highest level of
parasitization in several areas in Java, Bali, Lombok, and
Sulawesi (Rustam et al. 2008). This high level of
parasitization is found in all types of ecosystems and
vegetable crops. Similar results are shown by Herlianadewi
et al. (2013) where the N. formosa population is most
commonly found on various host plants in the lowlands in
Bali.
Neochrysocharis
formosa
dominates
the
agroecosystem in Sumbawa island (D ≥ from 0.30 to 0.60)
meaning that N. formosa has a good adaptability to the
environment, is able to multiply rapidly, and has a
distribution area used to locate and utilize required
resources (Murdock 1974). Another interesting finding is
that an O. chromatomyiae parasitoid, newly found in
Indonesia and though to be dominant in the highlands
(Rauf et al. 2000; Supartha 2003; Herlinadewi et al. 2013)
was found to be able to breed and spread in the lowlands as
proven by the similar levels of parasitization in both
highlands and lowlands. The phenomenon indicates the
shifting role between H. varicornis and N. formosa.
Meanwhile, O. chromatomyiae is estimated to have been
able to adapt to L. sativae as its host and is also known to
have been abundant in the highlands. This shifting role may
have been caused by the shift of cropping patterns between
regions and over time (Baideng 2016). It also shows that
there has been a co-evolution of L. sativae with host plant
(Westwood et al. 2010) demonstrated by the abundance of
the L. sativae population in the highlands followed by the
presence of N. formosa parasitoids which were initially
only abundant in the lowlands (Baideng 2016) and of O.
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chromatomyiae in the highlands (Li 2011). These
conditions are reflected in the vegetable ecosystems in
Lesser Sunda.
The results of this study are particularly interesting in
the context of the unfolding potential of leafminer
parasitoids, Liriomyza spp. It should be noted that findings
presented here are the results of an initial assessment of
parasitoid potential as a candidate for biological agents of
leafminer pest control in Lesser Sunda. The research
concluded that among the seven species of parasitoids
found, the parasitoid with the highest potential as a
candidate for biological control agents, and therefore for
further research, was N. formosa. Secondary candidates
also to be considered are H. varicornis and O.
chromatomyiae, which are able to demonstrate high levels
of parasitization and adaptation in various vegetable crops.
This finding of the potential of the three parasitoids should
be considered as a control agent for regulating the
populations of Liriomyza spp. in agricultural crops in
Lesser Sunda. Further research into mass rearing
technology and release techniques for these species is
highly
recommended.
In
addition,
diversified
agroecosystems containing multiple crop species as shown
in highland agricultures in Lesser Sunda have been able to
increase the parasitoids role. The future prospect and
challenges of the potential parasitoid community structure
leaf miner pest and their parasitoid needs comprehensive
research to establish the pest management strategies in an
integrated manner and in the long term.
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Abstract. Sihombing VS, Gunawan H, Sawitri R.2017. Diversity and community structure of fish, plankton and benthos in Karangsong
Mangrove Conservation Areas, Indramayu, West Java, Indonesia. Biodiversitas 18: 601-608. The Karangsong Mangrove Conservation
Area in Indramayu District, West Java, Indonesia, extending across 20 hectares of coastal land, has undergone eight years of managed
revegetation. It has a variety of productive habitats that support the availability of fish resources. The research described in this paper
was conducted in July 2016 with the purpose of assessing the diversity, evenness, and structure of fish, plankton and benthos
communities as an indicator of the effectiveness of the rehabilitation of the mangrove ecosystem. The fish, benthos, and plankton were
collected and analyzed in the Biotrop Laboratories. Fish sampling was carried out using a gill net with mesh size of 25 mm, and with
traps. Juvenile fish were collected using a fish net with mesh size of 15 mm, by combing the water column horizontally for 10-15
minutes in the morning and afternoon. For plankton sampling a net No. 25 was used, while samples of benthos were collected using an
Ekman Grab sampler. To calculate the community structure and diversity of fish, the study used ecological indices (abundance,
dominance, constancy and ecological significance) and diversity indices (Shannon and Simpson diversity). A total of 413 individuals
were obtained from 18 fish species, representing 16 families. Family Lutjanidae and Acanthuridae had the highest representative number
of species and Pomacentridae showed the highest relative abundance of individuals. The value for the fish diversity index was 2.44 and
for the species evenness index was 0.84. The fish population consisted of 44.44% omnivores, 38.89% carnivores and 16.67%
herbivores/ detritivores. The highest density of plankton was accounted for by Bacillariophyceae (78.57%), followed by Chlorophyceae
(14.29%) and Zooplankton (7.14%). The diversity index for the plankton (H) ranged between 1.040 and 1.462 across habitats, while the
evenness index (E) ranged between 0.144 and 1.22. The benthos consisted of Gastropods (83.58%), Crustacea (3.28%), Palaemonidae
(1.64%) and Oligochaeta (11.48%). The diversity index for the benthos ranged from 0. 939 to 1. 199 and the evenness index from 0.158
to 0.207. Hence, it may infer from the domination of the environment by Bacillariophyceae and Gastropods, and the low values for
diversity index and evenness index, that the area is not particularly good as a fish nursery and breeding habitat. Nevertheless, there are
two species of fish that exhibit potential productivity in every habitat; they are Chanos chanos and Scatophagus argus.
Keywords: diversity, fish, plankton, benthos, mangrove

INTRODUCTION
Mangroves are salt tolerant plants that occur within
inter-tidal zones where a river enters into the sea (Zakaria
2015). They are highly productive, forming tropical coastal
ecosystems that encompass estuaries, creeks, lagoons,
black waters, mud-flats, salt-pans and islands, and which
contain great aquatic and terrestrial biodiversity (Mmom
2010). Mangrove forests are considered to provide
important ecological and economic benefits to coastal
regions of the tropics.
Estuaries are areas of physical and biological transition
between the land, freshwaters, and the sea (Chowdhury et
al., 2010). The study of the characteristics, abundance and
diversity of fish, plankton, and benthos components of
mangrove ecosystems can be used as an indicator of the
potential productivity of the fish resources dependent on
them. Such a study could be used as an input into
determining management policy to be applied at the
Karangsong Mangrove Ecosystem, in Indramayu on the

northern coast of West Java, which is the subject of this
paper.
Patty (2008) suggests that fish behavior around
mangrove forest is an interesting subject for research since
the movement of fish populations quickly follows food
availability, and is influenced tidal currents, the presence of
predator sand other diverse factors in the ecosystem.
Gunarto (2004) reports that a diversity of fish types,
encompassing herbivorous, omnivorous and carnivorous
feeding habits are to be found around mangrove. Mangrove
ecosystems serve as feeding grounds, spawning grounds,
and nursery grounds providing a comprehensive habitat for
many fish species. Fish resources in a mangrove ecosystem
include both species that stay within the area for their
lifetime or that transit through it for spawning and rearing,
thus contributing to the biodiversity of mangrove forests
such as those found along the Karangsong coast.
The occurrence, density, and diversity of plankton in
the Karangsong Mangrove Conservation Area is directly
connected to the physical and chemical quality of the water
on the mangrove ecosystem. This mangrove ecosystem
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located on the waterfront has been subject to impacts from
residential, recreational, and industrial developments.
These anthropogenic impacts influence mangrove areas by
such things as the disposal of waste-water either into the
rivers or directly into the area (George et al. 2012). The
polluting waters impact the growth and sustainability of
phytoplankton populations through effects on the seawater,
including factors such as light penetration, temperature,
clarity, acidity (pH), carbon dioxide (CO2) concentration,
water level fluctuation, and concentrations of nutrients,
such as nitrates, orthophosphates, dissolved oxygen (DO)
and trace metals (Nontji 2008). So, plankton can be used as
a bio-indicator to monitor water condition and fish habitat.
According to Nwankwo (2004), Anyema (2007), and
Ajuonu et al. (2011), plankton may serve as a bio-indicator
to monitor the estuarine environment for pollution, and for
modeling fish population dynamics and the condition of
fish habitat.
The area of Karangsong village of Indramayu, West
Java, Indonesia is 384,45 ha. It is a coastal village directly
bordering the Java ocean. It borders with Pabean Udik
Village in the north, with Tambak Village in the south,
with Paoman Village in the west and the Java Ocean in the
east. The village is 0.5 to 1.0 m above sea level with 0.9
km length of the coast. It is average annual rainfall is 2,000
mm and it has an average temperature of 29-31oC
(Bappeda Indramayu 2009).
The main type of habitats in the research area is
wetland in the form of mangrove vegetation, an estuary
with a muddy substrate affected by tidal waves and river
water, and land habitat in the form of coastal vegetation
with a beach sand substrate. The surrounding area is the
Java Ocean on the outer part with fish pond culture. The
biophysical condition of the Karangsong mangrove forest
is highly influenced by the water and sediment brought by
the Cimanuk watershed with its rivers flowing through the
environment; especially the Prajagumiwang river through

Karangsong village; the Cimanuk river itself flowing
through Pabean Udik and Brondong Villages; a small
branch of the Cimanuk entering into the sea through
Brondong Village; and the Prawirakepolo river let through
Singajaya Village. Human activities in the surrounding area
are fishing, fish pond culture, and ecotourism.
The purposes of our research in Karangsong were to
assess the diversity, evenness, and the structure of fish,
plankton, and benthos communities influenced by the
revegetation of the mangrove ecosystem over an eight-year
period.
MATERIALS AND METHODS
The research was carried out in July 2016 at
Karangsong Village, District of Indramayu, West Java,
Indonesia. The research plot was in the Karangsong
Mangrove Conservation Area located between 6°17'38.52"
Sand 6°18'17.52" S and between 108°22'03.60" E and
108°22'17.94" E. Within the plot, from which samples for
plankton, benthos, and fish diversity were taken, is
depicted in Figure 1.
The materials and equipment used in the research
included GPS, digital calipers, substrate/water samplers,
plankton net no.25, pull net (25mm), fish net (15mm), an
Ekman Grab (30 cm), sample bottles, a cooler box,
formalin, Lugol solution, alcohol 80%, and guidelines for
fish identification (Fischer, 2013). The details of the
methods and materials are outlined in Table 1.
Analysis of the data gathered from sampling for fish,
plankton and benthos in the plot area comprised calculation
of Shannon-Weaver Index (Shannon and Weaver 1949) for
estimation of Diversity, Margalef Index (D) (Margalef
1968) for Species Richness, Pielou's Index (E) for
Evenness, and Simpson Index (D) for Dominance.

Coastal water

Mangrove

Dock

Figure 1. Plot design for biotic sampling in Karangsong Mangrove Conservation Areas, Indramayu, West Java, Indonesia
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RESULTS AND DISCUSSION
Fish biodiversity
A total of 413 fish were caught at sampling sites in the
mangrove ecosystem (251 individuals), in the ponds (110
individuals) and the coastal waters (52 individuals),
Identification of the fish resulted in 18 species from 16 fish
families (Table 2). The mangrove ecosystem had the most
with a total of 14 different species, followed by the ponds
with eight, and the coastal waters with seven species.
Chanos chanos and Scatophagus argus were the most
prevalent fish species and were found in all three habitat
categories (coastal waters, mangrove ecosystem and ponds)
(Table 2). This is because these two species of fish have a
high level of adaptability to variation in environment
factors such as salinity, DO, pH, tidal wave action and to
temperature, which is important not only the species ability
to obtain food but also for their self-protection against
predators. Young Milkfish (Chanos chanos) and their
fishings stay in the sea water for 2-3 weeks, and then move
to mangrove roots in brackish water, and sometimes to
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saline channels. Chanos chanos will return to the sea when
they are adult for breeding. The fish species with the
narrowest range in the area were Ambassis marianus and
Terapon jarbua. In India, pugnose ponyfish (Secutor sp.) is
one of the major by-catch composition (Muddula 2015)
from the country leiognathids were known 16 species
(Abraham et al. 2011).
From Table 2, we can estimate similarity index of the
fish communities between the habitat types. The results are
presented in Table 3. The similarity index between fish
communities of the three habitats types was low. This
shows that the community structure differs between each
habitats. The fish communities in the mangrove and the
ponds showed a relatively higher similarity index value
(64%) compared with sea and mangrove (29%) or sea and
pond (40%). The higher similarity index between mangrove
and pond may be because the two habitats are located
adjacent to each other and are directly connected, and/or
due to the similarity of habitat types (substrate and water
quality, and the existence of mangrove trees around the pond).

Table 1. Required data, source and sampling method
Aspect of
study
Biotic riparian
diversity

Data
requirement
Plankton
diversity
Benthos
diversity
Fish diversity

Source of data
Field (mangrove area;
pond and sea/ocean
water)
Field (mangrove area;
pond and sea/ocean
water)
Field (mangrove area;
pond and sea/ocean
water)

Data
sampling
method
Purposive
sampling (9
stations)
Purposive
sampling (9
stations)
Purposive
sampling (9
stations)

Tools and materials
Plankton net No 25
Materials: alcohol, Lugol solution, sampling bottles
(1 liter)
Ekman Grab (30 cm), filter/strainer, Materials:
alcohol, sampling bottles (1 L)
Pull net mesh size 25 mm, fishnet mesh size 15 mm,
bubu, lambayang (crab snare), meter reading
Materials: alcohol, sampling bottles (1 L)

Table 2. Fish biodiversity at in Karangsong, Indramayu, West Java, Indonesia mangrove ecosystem and feeding guilds
Family
Acanthuridae

Species

Gobius viridis F. Hamilton, 1822
Periophthalmus modestus Cantor, 1842
Ambassidae
Ambassis marianus Gunther 1880
Bagridae
Mystus nigriceps Valenciennes, 1840
Chanidae
Chanos chanos Forsskal, 1775
Cichlidae
Oreochromis mossambicus W.K.H. Peters, 1852
Cynoglossidae
Cynoglossus arel Bloch & J.G. Schneider, 1801
Drepanidae
Drepane punctata L., 1758
Haemulidae
Pomadasys maculatus Bloch, 1793
Lutjanidae
Lates calcarifer Bloch, 1790
Lutjanus campechanus Poey, 1860
Megalopidae
Megalops cyprinidae Lacepède, 1803
Mugilidae
Valamugil speigleri J. L. B. Smith, 1948
Plotosidae
Plotosus canius Hamilton, 1822
Scatophagidae
Scatophagus argus Linnaeus, 1766
Synbranchidae
Monopterus albus Zuiew, 1793
Terapontidae
Terapon jarbua Forsskal, 1775
Trichiuridae
Trichiurus savala Cuvier, 1829
Total
Note: H = Herbivore, D = Detritivore, K = Carnivore, O = Omnivore

Feeding
guilds
O
O
H/D
O
H/D
O
O
O
K
K
K
K
H/D
K
O
K
O
K

Pond
+
+
+
+
+
+
+
+
8

Mangrove
+
+
+
+
+
+
+
+
+
+
+
+
+
+
14

Coastal
water
+
+
+
+
+
+
+
7
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Table 3. Fish community similarity index among habitat types
Habitat
Pond
Mangrove
Coastal water

Pond

Mangrove

Coastal water

-

0.64
-

0.40
0.29
-

The fish species found in the mangrove ecosystem,
particularly at the highest trophic levels, are mostly
visitor/migrating fish during certain periods or seasons
(Wahyudewantoro dan Haryono 2011). Several commercial
fish are connected to mangroves, such as Milkfish (Chanos
chanos) and Mullet (Valamugil speigleri).There are four
categories of fish found in the Karangsong mangrove
ecosystem: (i) the resident/inhabitant fish that spend their
whole life cycle in mangrove forest such as Mudskippers
(Periopthalmus sp.); (ii) the partially-resident fish that are
associated with mangrove forest during the hatchling
phase, but that tend to school along the coastline near
mangrove forest when they reach adult phase-these
included Mullet (Valamugil speigleri) and Megalopidae;
(iii) the tidal-migrating fish that migrate to mangrove forest
during high tide for foraging (e.g. Drepane punctata and
Mystus nigriceps); and (iv) the seasonal migrating fish
using mangrove forest as a nurturing place or spawning
place as well as seasonal protection place from predatorssuch as the White and Red Snappers (Lutjanidae). Juvenile
fish are neustonic, that is they are floating and sometimes
at the surface of mangrove waterways.
Monopterus albus, and Oreochromis mossambicus are
freshwater fishes with a wide tolerance of salinity. They are
diurnal and usually live in a groups in sheltered estuaries
between algae. The spotted-scat fish (Scatophagus argus)
is a predator that can reduce pond harvests. Pond-farmer
usually spread saponin during pond-field preparation time
and filter the water during pond replenishing to prevent
predatory fish from entering into their ponds. Cynoglossus
arel (family Cynoglossidae) are actually salt-water fish that
are limited to the coast. They form small groups in
mangrove forests, or around rocks and litter in waters of
sheltered beaches, and then disguise themselves in the
sand/mud. The fish mainly feed on plankton, Crustacea,
and small fish. Their larvae are nocturnal pelagic and hide
during daytime, in mangrove vegetation of shallow waters
around estuaries.
Intertidal mud flats found outside the mangrove forest
directly facing the sea are habitat for the abundant necton
community. This is evident that the area is rich with feed
resources of primary and secondary production as well as
evident of organic material imported from sea and
mangrove. Chong (2006) reported that the dominant fish
species at intertidal muddy waters are estuarine species,
such as Osteogeneiosus militaris, Arius caelatus, Plotosus
canius), Valamugil speigleri, Pennahia argentata,
Protonibea diacanthus, Stolephorus macroleptus), and
Hemiscyllium indicum. On the floor of mangrove forests
can be found Mudskipper fish capable of living outside the
water for 7-8 minutes, because of their ability to breath
through their skin, mucous layer in the mouth, and the

gullet. Drepane punctata is usually found in mangrove
areas at high tide, while Ambassis marianus is usually
found at beaches and estuaries and also in sheltered waters
with a sandy substrate. A mangrove forest is also a nursery
and a feeding place for several species of fish and shrimp.
Chong (2006) reported that a mangrove forest is a feeding
place in time of high-tide for both economical and noneconomical fish.
In the mangrove ecosystem, six species of juvenile fish
were found. They were Chanos chanos, Valamugil
speigleri, Plotosus canius, Monopterus albus, Cynoglossus
arel, and Scatophagus argus. Fish caught in the mangrove
forest were of relatively juvenile size. They slowly swim at
the edges of the mangrove and are often found swarming
allowing then to be easily caught. According to Odum
(1996), a mangrove ecosystem is an ideal place for several
species of fish (particularly young fish) and is recognized
as a prime nursery and feeding ground. Subiyanto et al.
(2008) found that the distribution pattern for fish larvae
include mangrove forest, as well as river, estuary, and sea.
Fish species composition
The existence of aquatic vegetation affects fish
biodiversity. Aquatic vegetation supplies food sources and
shelter for fish. The Karangsong mangrove ecosystem has
various coastal plant and mangrove species that support the
life of various fish species. Depending on their particular
food niches, fish can be classified into 5 classes, although it
should be noted that the fish feeding pattern changes
according to age, season and food availability. Fish
classification based on food types according to Gracia
(2011) are: (i) Herbivores: Fish in this class feed on phyto
material (eat plants), and include Tawes/Java carp (Puntius
javanicus), Nila/Parrotfish (Osteochilus hasselti), Bandeng/
Milkfish (Chanos chanos); (ii) Carnivores: Fish of this
class get their main food from animal (meat eaters), and
include such species as Belut/eel (Monopterus albus), and
Kakap/snapper (Lates calcarifer); (iii) Omnivores: Fish in
this class can eat both vegetation and animals, but adjust
their consumption to whatever food source is available.
Fish in this class include Mujair/Tilapia (Oreochromis
mossambicus), Mas/Common carp (Cyprinus carpio),
Gurami (Osphronemus gouramy); (iv) Plankton eaters: Fish
in this class consume plankton throughout their life-phase,
whether phytoplankton or zooplankton. Fish in this class
include Terbang/Flying fish (Exocoetus volitans), Cucut
(Rhinodon typicus); (v) Detritivores: Fish in this class
consume remnants of decomposing organic material and
litter that decay in water, derived from both from plant and
animal origins. Fish in this class include Belanak/Mullet
(Valamugil speigleri) (Figure 2).
Based on their food sources, fish species at Karangsong
could be classified as herbivores, detritivores, carnivores
and omnivores (Tables 2-3).The herbivorous fish or
detritivores consume detritus and plankton as their main
food. Omnivorous fish eat natural feed such as water
insects, shrimp, fry, and aquatic plants (Purnomo et al.
1992). Omnivorous fish dominated the fish community in
the Karangsong mangrove ecosystem, followed by predators/
carnivores and then herbivorous/detritivores fish species.
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Figure 2. Classification of fish species according to feeding
guilds

Based on their feeding pattern, fish at the research
location were classified into (i) Predatory fish, which
directly consume the prey alive. These were equipped with
strong jaws and teeth, such as in Lates calcarifer and
Lutjanus campechanus; (ii) Grazing fish, which consume
their food by nibbling at it-examples of fish in this class are
Tilapia (Oreochromis mossambicus) and Scatophagus
argus, (iii) Strainer fish, which consume food by sifting it
with mouth open, the food usually being plankton-included
in this class is the Spotted Sickle Fish (Drepane punctata),
(iv) Sucker fish, which take their food by sucking the mud
or detritus at the seafloor-included in this class is
Belanak/Mullet (Valamugil speigleri).
Fish species diversity
The fish biodiversity index on the mangrove habitat
was 2.36, and was higher than the indices for the pond
habitat and coastal waters nearby (Table 4). The diversity
index for the total of the three habitats was 2.44. According
to Michell (1995) a species diversity index between 1.5 and
3.5 is categorized as moderate. A diversity index less than
or equal to 1.5 is categorized as low. A diversity index
more than 3.5 is categorized as high.
The diversity index of an area describes the richness of
the fish in the area in question. Diversity index depends on
variation in the number of individuals of each species; the
fewer the species and the variation in a number of
individuals of a species, the lower is the diversity of the
ecosystem and vice versa. The reason that mangrove had a
higher diversity index compared to pond and nearby sea
water is probably because the mangroves provide a better
habitat a greater variety of fish to thrive (Unsworth et al.
2008). Mangrove forest that has formed for eight years
creates a habitat for various kind of riparian and mangroveassociated fish species. In summary, fish in the Karangsong
Mangrove Ecosystem were relatively abundant, with a
diversity of species. The density of the mangrove stand in
the system is likely to be a factor influencing the fish
abundance because mangrove litter increases water
nutrients thereby affecting primary and secondary
productivity and thus food availability for fish (Benke
2010).
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Plankton community structure
Plankton abundance was determined at four locations
representative of different habitat types, for which
populations were presented as the number of individuals of
a species per liter (Table 5).A total of 11 sub-orders of
plankton were recorded; four of which were most dominant
in terms of species abundance (i.e. >5%).
Diatoms (order: Bacillariophyceae) were most abundant
forming light-brown colored blooms. High species
diversity occurred in those habitats with significantly
higher relative diatom abundance. Bacillariophyceae have
been reported by many authors to be dominant components
of phytoplankton in such habitats (Polat et al. 2000). The
species of highest relative abundance at the Karangsong
site was Coscinodiscus sp. (45.24%). Fragilaria sp.
(14.29%) and Tabellaria sp. (11.90%) were the second and
third most abundant diatom species respectively (Table 5).
Low phytoplankton diversity and the dominance of diatoms
is probably a result of pollution and aquaculture activities
(Wardana 2006; Biswas 2014).
According to Mason (1991), environmental pollution of
waterways is generally classified according to its specific
causes such as trace metal pollutants, organic pollutants,
and gas pollutants. These pollutants originate from
Table 4. Diversity index of fish species and species evenness
Index

Pond

Mangrove

Sea

Sum

Diversity Index

1.67

2.36

1.82

2.44

Evenness Index

0.80

0.89

0.94

0.84

Table 5. Plankton population and abundance at Karangsong,
Indramayu, West Java, Indonesia

Organism

Population (ind./L)
Relative
Open
Dense
Pond abundance
Coast mangrove mangrove
(%)
forest
forest

Phytoplankton
Bacillariophyceae
Asterionella sp.
Coscinodiscus sp.
Fragilaria sp.
Navicula sp.
Surirella sp.
Tabellaria sp.

10.000
7.500
1.250
1.250
3.750

2.500
1.250

1.250
2.500
-

8.750
1.250

2.38
45.24
14.29
2.38
2.38
11.90

Chlorophyceae
Ceratium sp.
Closterium sp.
Triceratium sp.

1.250
-

-

3750
1.250
-

1.250

7.15
4.76
2.38

Zooplankton
Rotifera
Brachionus sp.
Cyclopid sp.

-

1.250

1.250
-

1.250

2.38
4.76
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industrial, agricultural and domestic waste. Inorganic
elements such as trace metals can be absorbed into the
tissues of aquatic organisms through the food chain.
Dissolved phosphorous is probably the most important
factor affecting the water quality, because it is a driver of
phytoplankton growth (Hossain 2007).
In the mangrove forest, Ceratium sp. (7.15%) was the
most dominant of the Chlorophyceae followed by
Closterium sp. (4.76%), and Triceratium sp. (2.38%)
(Table 5). The dominance of Ceratium sp. is probably
caused by various abiotic factors. The decomposition
process releases mineral elements such as nitrogen,
phosphorus, and other essential nutrients, a condition often
indicated by a high measured concentration of phosphate.
Mangrove waters are often nutrient rich habitats, with high
phosphate concentrations directly promoting chlorophyll
growth in primary producers.
Zooplankton has an important role in the food chain.
Zooplankton diversity and abundance is much affected by
factors in the environment quality of mangrove habitats,
such as turbidity level, current velocity, and both physical
and chemical conditions of the water. Zooplankton are
good indicators of changes in water quality because they
are strongly affected by environmental conditions, and
having short life cycles, their communities often respond
quickly to water quality changes. In our sampling at
Karangsong, copepods of the Cyclopid sp. were the most
abundant forms of zooplankton in all stations of open
mangrove and pond. The abundance of Cyclopid sp. may
be attributed to its dependence on phytoplankton and
detritus as food (Bazmi 2011).
Plankton diversity
A total of six zooplankton taxa were found in the
coastal sea water of the Karangsong research area (Table
6). This is more than what was found in the other sampled
habitats: the sparse quayside mangroves; the ecotourism
mangrove forest with thick stand density; and the ponds.
Furthermore, the density of plankton in the coastal
water (25.000 ind./L) was greater than in the other the other
locations; the quayside mangrove (5,000 ind./L), the
ecotourism mangrove forest with thick stands density (6,250
ind./L), and the pond (1,650 ind./L). Their distribution is
likely to be affected by abiotic conditions such as current,
light, nutrient, and fluctuation of these conditions at different
time of the day and at different location (Astuti et al. 2012).
Such abiotic conditions and the plankton that respond to
them affect the productivity of fish aquaculture in ponds
around mangrove forests. These face problems related to
the fertility of the environment, since in habitats where
there is a scarcity of mangrove vegetation, cultured
Bandeng/milkfish (Chanos chanos) take a longer time
(about 10-12 months) to obtain a size of 2-3 fishes/kg
compared with another pond that only requires5-6 months
for the fish to obtain 0.6 kg size (Mangampa, 2014).
Polyculture of Bandeng/milkfish and seaweed (Gracilaria
sp.) in this region, reveal positive impacts on fish growth
because in addition to natural food such as plankton and
milkfish will also utilize epiphytes organism at thallus
Gracilaria sp. (Reksono et al. 2012).

The values for the diversity index (H’) of plankton
obtained in the Karangsong Mangrove Forest Area, ranging
between 1.040 and1.462, can be considered as quite low .
According to Probosunu (2008) values for the diversity
index in the range 0.81<H’<1.60 are classified as low. Based
on the diversity index (H’) values we obtained, the degree of
pollution can be considered moderate (1.0<H’<1.5)
(Probosunu 2008).
The evenness index (E) of near zero (0.122-0.152)
showed domination by a certain type of plankton. This
indicated that a mangrove condition in this area is unstable,
especially at quayside where passing boats disturb the floor
sediments mud leading to increased turbidity, and reduced
phytoplankton photosynthesis due to decrease in oxygen
and increase in Zn and Pb toxicity (Wahyuni et al. 2013).
Benthos community structure
The existence of macrobenthos is another indicator of
water quality in the aquatic environment (Afif et al. 2014).
Benthos abundance is affected by the substrate and
environment of the microhabitats (pH, temperature, salinity),
by food nutrients, predation, and by human activity
(Riniatsih and Kushartono 2009).The base substrate that
affects the benthos is the sand or mud forming a habitat
strata for intertidal scavenger organisms such as mud snails
Nassariidae contained in the sand and muddy substrate
(Morton and Chan 2004). Predation is a factor affecting
benthos density. Gastropod defense against the predators
uses shell morphology and their ability to aggregate (Zaleha
2009). Human activity affecting benthos is the consumption
of clams as food.
In Karangsong, we found eight kinds of microinvertebrate or benthos that belonged to one class and three
families, three of which showed relatively high abundance
(>5%); Terebra sp. (63.93%), Venus sp. (13.11%) and
Lumbricus sp. (11.48%) (Table 7). The abundance of this
Gastropod class is a result of high adaptability and tolerance
of variation in the hardness/softness of the substrate, in
comparison with other classes (Turra and Denadai 2006;
Rachmawaty 2011).
Some species of Terebra, such as Terebra palustris and
Terebra liasuleata prefer muddy waters or spacious
inundated areas (Kurniawan 2007). Such conditions are
found at Unak waters, in Kota Langsa, Aceh, where gastropods
were observed during high tide (82%) and low tide (67%).
According to Rangan (1996) substrate condition influences
the development of biotic communities of the benthos, in
which mud with a little clay is a desirable substrate for
Gastropods. Gastropods, particularly Terebra sp., compete
for their existence with cultured Bandeng/milkfish. Both
the gastropods and milkfish depend on plankton for food;
therefore, there is a need to control the proliferation of the
gastropods.
Other species of the benthos, include Venus sp., which
is also relatively abundant because it has adapted to life in
the harsh environment of the intertidal zone. Venus sp. are
able to close their clam/shell and utilize water inside during
dry and hot conditions. Fenneropenaeus sp. and Scylla sp.
are species of the Crustacea family, and utilize the
mangroves as nursery grounds. Lumbricus sp. (class
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Oligochaeta), is an earthworm that can also be found in the
mangrove area.
Benthos diversity
Expansion of the mangrove restoration area will
increase the biodiversity of the benthos as well as fish
biodiversity and abundance (zu Erngassen et al. 2015).
Table 6. Plankton Diversity and Evenness at Karangsong
mangrove forest, Indramayu, West Java, Indonesia
Parameter
Number of taxa
Individual/litre
Diversity Index (H’)
Evenness Index (E)
Dominance (D)

Location
Sea
Quayside
mangrove
6
3
25000 5000
1.462 1.040
0.144 0.122
0.280 0.335

Ecotourism
mangrove
4
6250
1.332
0.152
0.280

Pond
5
1650
1.260
0.130
0.361

Table 7. Population and abundance of benthos at Karangsong
Mangrove Conservation Area, Indramayu, West Java, Indonesia
Organism

Population (individual/m2)
Species
relative
Quayside
Dense
Pond
abundance
mangrove mangrove
(%)
forest
forest

Gastropoda
Terebra sp.
Venus sp.
Nassarius sp.
Cassis sp.

210
30
15
-

120
30
-

255
60
45

63.93
13.11
1.64
4.9

Crustacea
Fenneropenaeus sp.
Scylla sp.

15
-

-

15

1.64
1.64

Palaemonidae
Synbranchus sp.

15

-

-

1.64

Oligochaeta
Lumbricus sp.

45

60

-

11.48

Table 8. Benthos diversity and evenness at Karangsong
mangrove conservation, Indramayu, West Java, Indonesia

Parameter
Number of taxa
Number of ind. /m2
Diversity Index (H’)
Evenness Index (E)
Dominance (D)

Open
mangrove
forest
6
330
1.199
0.207
0.438

Location
Thick/dense
mangrove
forest
3
210
0.956
0.179
0.429

Pond
4
375
0.939
0.158
0.504

607

A total of eight taxa of benthos were found in the study
are. In the open area of the quayside mangrove forest there
were six species; the ponds had four species, and at the highdensity mangrove area there were three species. The highest
number of individuals (375 individuals/m2) was found in the
pond area. This is probably due to the slow movement of the
benthos in this habitat.
The diversity index (H’) for the benthos of the across was
0.939 for the pond habitat, 0.956 for the dense mangrove
habitat 1.199 for the low-density quayside mangrove habitat
(Table 8), which places benthos diversity across the research
area in the low to moderate category.
Benthos diversity is an indicator of disturbance in the
ecological balance, especially of the substrate in an
estuarine habitat. This can happen for example as a result
of pollutant accumulation, such as of oils, that contribute to
a decrease in the environmental quality (Badrun 2008).
Estuarine waters polluted by human activity will exhibit a
low diversity of marine organisms (Taqwa 2010).
Fachrul (2007) classifies benthos communities with an
evenness index (E) between 0.158-0.207 as of low or
negligible inter-species evenness, which means that the
abundance of individuals differs greatly between species
across an environment. In the opposite case, a high interspecies evenness E-value close to 1 means that the number
of individuals of each species is relatively the same across
the environment, indicating university of benthos
composition habitats in the environment.
The presence of benthos with Dominance value (D) of
0,504 at the pond showed species domination (D>0,5). This
is affected by The abundant presence of Terebra sp. is
considered as a pest because they compete with milkfish for
food. The Dominance (D) for the benthos of the pond area
was quite high, at 0.504, reflecting the relatively high
relative abundance of the Terebra sp.
In conclusion, the Karangsong Mangrove Conservation
Area of Indramayu, West Java, was found to have a total of
18 fish species from 16 families, out of which 44.44% were
omnivores, while 38.89% and 16.67% were carnivores and
herbivores respectively. The mangroves harbored plankton
such as Bacillariophyceae (78.57%), followed by
Chlorophyceae (14.29%) and Rotifera (7.14%).
Macrobenthos creatures such as Gastropods, Crustacea,
Palaemonidae, and Oligochaeta were also recorded;
however, they had low to moderate diversity index (H').
Finally, the overall diversity of plankton resources at
Karangsong mangrove forest is categorized as poor or low,
because its diversity index (H’) ranged between only 1.040
and 1.462.
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Abstract. Binur R, Pancoro A. 2017. Inbreeding depression level of post-larvae freshwater prawn (Macrobrachium rosenbergii) from
several hatcheries in Java, Indonesia. Biodiversitas 18: 609-618. Inbreeding accumulation will tend to reduce genetic variation or
depressed of the prawn fry produced. This problem has caused a decrease in production and quality of prawns culture in Indonesia. The
purpose of this study is to measure the level of inbreeding depression prawn fry generated from several hatcheries in Java by
microsatellite markers. There is four microsatellite locus to be used i.e Prk9A/T1, Prk4G/T1, TGFP16, and Mr8-88. The amplification
of fourth locus using PCR with 6-carboxy-fluorescine (6-FAM) label. The number of alleles (Na) from fourth locus is Mr8-88 (11
alleles), TGFP16 (10 alleles), Prk4G/T1 (9 alleles), dan Prk9A/T1 (5 alleles), respectively. The level of polymorphism locus from
highest to lowest is locus Prk4G/T1 (0.703), Prk9A/T1 (0.507), TGFP16 (0.410), and Mr8-88 (0.370), respectively. Inbreeding
depression level of postlarvae (PL) M. rosenbergii tend to moderate with BBI Ciamis (He 0.444), BBUG Samas (He 0.514),
LRPTBPAT Sukamandi (He 0.519), and UPBL Probolinggo (He 0.530), respectively. AMOVA analysis showed about 8.0% genetic
variation among populations. From these results, it can be concluded that the PL produced indicated have been depressed. Post-larvae
prawns produced from fourth hatcheries is not recommended to be a broodstock but can be used for cultivation for farmers.
Keywords: Freshwater prawn, Macrobrachium rosenbergii, post-larvae, microsatellite, inbreeding depression, heterozygosity, genetic
diversity

INTRODUCTION
Giant freshwater prawns Macrobrachium rosenbergii
(De Man, 1879) is a native species freshwater prawn from
Indonesia, which has the largest body size among other
freshwater prawn species. The total body length of adult
male up to 320 mm and female 250 mm with weight more
than 300 grams (Holthuis and Ng 2010; Wowor and Ng
2007). Therefore, this shrimp has a high economic value
and very liked by farmers. The high economic value of
shrimp was not the increasing production of prawns in
Indonesia. Most of the production of traditional catch
prawns has declined every year. According to FAO (2012)
Indonesia is the country with the largest natural catching is
5,460 tons/year. To reduce this catch, the government
began improving prawns farming.
Based on data FAO (1998-2007) Indonesian prawn
culture production is relative low, approximately 688.83
tons/year or 0.43% of the average global production
(161,666 tons/year) (New 2010). Though Indonesia has a
very wide farming land involving marine and coastal area
covers 5.8 million km2 and 5.4 million hectares of inland
waters are potential prawns culture (Saifuddin 2008). One
major problem for farmers is not the availability of highquality fries. The increasing market has causing increased
demand for fries. To meet this demand then some hatchery
in Java to make the breeding program. Its good program
must be avoided is inbreeding depression (Gjerde 2005)

because will be reducing genetic variation or heterozygosity
of the prawn populations (Sonesson et al. 2005).
Center of prawn culture in Indonesia mostly located in
Java include West Java, Central Java, Yogyakarta and East
Java. Outside Java prawns culture in Bali and Nusa
Tenggara Barat (NTB). In Java, Yogyakarta has the highest
production than other provinces. But Bali had the largest
national production up to 742 tons in 2010. If compared
with the extent of land culture in Java, this indicates that
the production of prawns in Java is having problems. Good
breeding programs should avoid the depression of fries
produced.
Genetically, this phenomenon is the main trigger of
declining production and quality of shrimp produced.
Inbreeding depression is an effect of the breeding
accumulation conducted within the same population. This
effect will reduce genetic variation or heterozygosity of fry
produced, because for traits with dominant inheritance was
expected heterozygotes to be equal or better than one or
both of the homozygotes. Inbreeding depression leads
primarily to a reduction of the mean phenotypic value
shown by characters connected with reproductive capacity
(fecundity, egg size, hatchability) or physiological
efficiency (fry deformities, growth rate, survival) (Gjerde
2005; Sonesson et al. 2005).
This phenomenon has been shown from the decrease in
the weight of prawns produced by farmers in Indonesia
within a certain period. Then, was 2012 by 80% of prawn
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cultivation in Java (West Java, Central Java, Yogyakarta,
East Java) infected disease Macrobrachium Nodavirus
(MrNV). This caused farmers losing and threaten national
production target of 10 tons/day. These problems may be
related to prawn fry used by farmers that experienced
depression or reduced of heterozygosity.
The level of depression postlarvae (PL) prawns was
analyzed with microsatellite markers. Microsatellites
markers also are known as simple sequence repeats (SSRs)
or short tandem repeats (STRs) are stretches of DNA that
consist of tandem repeats of 1-6 base pairs (Freeland 2005).
This marker has several advantages compared other
markers (Allozyme, RAPD, AFLP, mtDNA, RFLP). The
advantages include: (i) co-dominant markers are the ability
to distinguish between homozygotes and heterozygotes
(Freeland 2005); (ii) They have been found in gene coding
regions, introns, and in the non-gene sequences (Liu and
Cordes 2004); (iii) have a high polymorphism (Hancock
1999) shown the value of the polymorphic information
content (PIC) (Liu and Cordes 2004); and (iv) easily
analyzed by PCR because it has a small fragment size 1-6
base pairs (Chistiakov et al. 2006; Liu and Cordes 2004).
Therefore, this study aims to determine scientifically
whether prawn fry generated from several hatcheries in
Java have been depressed (low heterozygosity) or not.
Then how high depression that occurs in each population
was collected.
MATERIALS AND METHODS
Collecting samples
Post-larvae (PL) prawns were collected from four
hatcheries in Java from a different generations i.e: (i) Loka
Riset Pemuliaan dan Teknologi Budidaya Perikanan Air
Tawar (LRPTBPAT) Sukamandi, West Java (F11); (ii)
Balai Benih Ikan (BBI) Ciamis, West Java (F5); (iii) Balai
Benih Udang Galah (BBUG) Samas, Yogyakarta (F2); and
(iv) Unit Pengelolah Budidaya Laut (UPBL) Probolinggo,
East Java (F2). From each location was collected is 24
individual. Samples were stored in a refrigerator (-80 °C)
until used for extraction.
DNA extraction
DNA Extraction with the Wizard® Genomic DNA
Purify Kit (Promega) following the product protocol.

Extraction using pleopod muscle tissue (20-30 mg) was
assisted with liquid nitrogen. DNA extracted
electrophoresed with 1.5% agarose gel at a voltage of 100
volts (15 min.). DNA visualize by ethidium bromide (EtBr)
for 5-10 min. A DNA purity levels were measured with a
spectrophotometer (Ultraspec® Pharmacia-Biotech).
Primers design
Primer design using Bioinformatics approach with PCR
product range 100-400 base pairs (bp) by Software
Geneious Pro version 6.0.6 (http://www.geneious.com)
(Table 1). Primer specificity was tested by BLAST primer
NCBI
(http://www.ncbi.nlm.nih.gov/tools/primer-blast/)
and the secondary structure with DNA calculator
(http://www.oligoevaluator.com). At the end of the 5'
forward primer added universal primer (M13)
(TGTAAAACGACGGCCAGT) according to the method
Schulke (2000).
PCR
PCR followed the method Schuelke (2000) with slight
modifications. PCR using M13 universal primers were
labeled with 6-carboxy-fluorescine (6-FAM). The
composition of the PCR (20 mL), that is: 2 mL dNTPs (0.2
mM); 2 mL Buffer (0.5 x); 0.25 mL forward primer (0.125
μM); 1 mL reverse primer (0.5 μM); 1 mL FAM +6-M13
universal primers (0.5 μM); 1.6 MgCl2 (2 mM); 0.1 mL
Dream tag (0.5 units/mL); 1 mL of genomic DNA (2.5
ng/mL); 0.6 mL of DMSO; and 10.45 mL ddH20 (Deion).
PCR performed in Thermal cycler machine AB Veriti ®
96-Well. PCR performed pre-denaturation 94°C (5 min.),
continued with 38 cycles denaturation at 94°C (30 sec.),
annealing (30 sec), elongation at 72°C (45 sec.), and final
elongation at 72°C (10 min). PCR electrophoresed using
1.5% agarose at voltage 100 volts (30 min.). Visualization
of DNA bands with Ethidium Bromide (EtBr) (5-10 min.).
Data analysis
Fragment analysis using the services of Macrogen, Inc.
(Korea) (http://www.macrogen.com) with the ABI 3730xl
sequencer. Electropherograms were analyzed by Software
GenMarker version 2.2 (http://www.softgenetics.com).
Allele frequency was calculated by Software GenAlEx
version 6.41 (http://biology-assets.anu.edu.au) (Hamilton
2009; Peakall and Smouse 2009; 2012) with the equation:

Table 1. Primers used for amplification of microsatellite loci
Locus
Prk4G/T1

GenBank Acc No.
DQ019868

Primer sequence (5'-3')

Size (bp)
F: TGCCAGCCACATGCTACTGCT
21
R: AGGGAAAGAGCGCACGCACG
20
F: CGGGATGGGAGCGAGGGTGA
Prk9A/T1
DQ019869
20
R: CCGCACGGCATTCCTCAGCA
20
F: TCGCTCCTCCATACGTCAACCCA
TGFP16
HQ722922
23
R: AACCAAAGCCAGTGTGCCGT
20
F: TGTGTGCACTTACTGTATTCCTCTCGC 27
Mr8-88
EU847622
R: TGCCCTCTGCCCACCACGTA
20
Note: forward primer (F), reverse primer (R), melting temperature (Tm), annealing temperature (Ta)

Tm (◦C)
58.76
60.32
60.04
60.04
59.44
57.29
58.93
59.82

Motif
(AGC)13

Ta (oC)
65.2

(CTG)7

69.0

(GT)22

64.5

(AC)25

66.8
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version 1.32 (https://sites.ualberta.ca/~fyeh/popgene_
info.html) (Yeh et al. 1999).
Nxx is the number of alleles homozygous (xx), Nxy is
the number of alleles heterozygous (xy), and N is the
samples number.
The level of polymorphism loci measured by the value
of polymorphic information content using equation
Botstein et al. (1980) with Software Cervus version 3.0.7
(http://www.fieldgenetics.com) with the equation:

k is the number of alleles, pi and pj is the frequency of
allele from two populations i and j. For data codominant, if
value >0.75 then the locus is very informative. If the value
between 0.5-0.75 then the locus is informative and if the
value of < 0.5 is less informative.
Levels of inbreeding depression of each population are
determined by the value of heterozygosity, including the
number of effective alleles (Ne), observed heterozygosity
(Ho) and expected heterozygosity (He) with Software
GenAlEx version 6.41. To determine whether there is a
significant difference between the value of Ho and He then
tested with the Chi-square (χ2) (p 0.05) (Hamilton 2009)
with the equation:

Degrees of freedom (df) is k-1, k = number of loci. If
the χ2 > χ2 table (0.05) or p >0.05, then there is a
significant difference between Ho and He. Conversely, if
the χ2 < χ2 table (0.05) or p <0.05 there is no significant
difference between the value of Ho and He.
Fixation index (F) or inbreeding coefficient is analyzed
with Software GenAlEx version 6.41 (Peakall and Smouse
2009) with the equation:

Fixation index values between -1 to +1. If the value is
close to zero, its indicates the occurrence of random
mating. The value +1 indicates the occurrence of
inbreeding or not detection of null alleles. The value of -1
indicates excess heterozygotes.
Genetic variation between populations is determined by
genetic distance, include analysis of analysis of molecular
variance (AMOVA) and principal coordinates analysis
(PCA) with Software GenAlEx version 6.41. AMOVA
analysis based on statistical PhiPT (Peakall and Smouse
2009; 2012). If the value PhiPT = 0 then there is no genetic
difference between populations. If the value PhiPT >0 then
there are genetic differences between populations.
Dendrogram constructed based on Nei's genetic distance
(1978) using the UPGMA method with Software POPGENE

RESULTS AND DISCUSSION
PCR and fragment analysis
PCR results from four loci (Prk9A/T1, Prk4G/T1,
TGP16, Mr8-88) showed bands size more than 250 base
pairs (bp). Locus Prk9A/T1 and Mr 8-88 has a thick band
with the size 302 and 248 bp. Then the locus Prk4G/T1 and
Mr8-88 has two thick bands of different sizes, i.e., 228, 232
and 262, 264 bp indicating the presence of two alleles
(Figure 1).
The results of the fragment analysis indicate allele size
between 160-306 bp. The largest size range of alleles at the
locus TGFP16 (162-306 bp) and the smallest at the locus
Prk4G/T1 (160-232 bp) (Table 2). The number of alleles
that were found from each locus is MR8-88 (11 alleles),
TGFP16 (10 alleles), Prk4G/T1 (9 alleles), and Prk9A/T1
(5 alleles). Series of alleles of each locus is MR8-88 (160,
161, 162, 247, 248, 249, 256, 258, 263, 266, 282 bp),
TGFP16 (162, 163, 252, 260, 262, 264, 265, 269, 292, 306
bp), Prk4G/T1 (160, 161, 162, 223, 224, 227, 228, 231, 232
bp), and Prk9A/T1 (162, 163, 293, 302, 305 bp). In the four
loci analyzed the presence of null alleles or alleles were not
detected. Some samples had high stutter band with
intensity 80% of the major allele.
The number of heterozygous alleles and homozygous
that were found at each locus varied. The highest number
of alleles observed in heterozygous loci Prk9A/T1 (82
alleles) and lowest in TGFP16 loci (15 alleles) while the
highest number of homozygous alleles found in TGP16 loci
(81 alleles) and lowest in Prk9A/T1 loci (14 alleles).
Population LRPTBPAT Sukamandi (F11) has the highest
number of heterozygous alleles (45 alleles) while the
largest homozygous alleles found in the population UPBL
Probolinggo (62 alleles).
Allele frequency
Prk9A/T1 locus had the highest frequency in allele 302
(average 57.3%), Prk4G/T1 in allele 161 (average 47.9%),
TGFP16 at in allele 163 (average 72.4%), and MR8-88 in
allele 160 (average 77.6%) (Table 3). The population of
LRPTBPAT Sukamandi and BBI Ciamis has the highest
frequency of allele 160 (MR8-88), respectively 87.5% and
97.9%. The population of BBUG Samas and UPBL
Probolinggo has the highest frequency in allele 163
(TGFP16), respectively 79.2% and 83.3% while the lowest
allele frequency of each population is 0.21% which is
spread all loci (Figure 2).
Table 2. Allele size range of each locus
Locus
Prk9A/T1
Prk4G/T1
TGFP16
Mr8-88

Motif/Repeats
(CTG)7
(AGC)13
(GT)22
(AC)25

Allele size (bp)
162 - 305
160 - 232
162 - 306
160 - 282
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Allele size (bp)

RFU

A

RFU

B
stutter band

RFU

C
stutter band

RFU

D

Figure 1. Examples of electropherogram from four loci. A. Allele homozygotes (302) at Prk9A/T1 locus, B. Heterozygous alleles (228;
232) at Prk4G/T1 locus, C. Heterozygous alleles (262; 264) at TGFP16 locus, and D. Allele homozygotes (248) at the MR8-88 locus.
Relative fluorescence units (RFU); stutter bands are small peaks resulting from slipped strand during the PCR process

Locus polymorphism
Polymorphism of each locus is calculated based on the
value of the PIC. The highest values are at Prk4G/T1 loci
(0.703) and lowest in the locus MR8-88 (0.370). Locus
Prk9A/T1 and Prk4G/T1 can be used for further
microsatellite analysis because it has a moderate value of
the PIC (Table 4).
Inbreeding depression levels
The level of inbreeding depression is measured by the
value of heterozygosity (Ho and He). Value heterozygosity
of each population can not be compared because on
different generations. Heterozygosity values between

populations have a narrow range, where the average values
Ho ranged from 0.354 to 0.469 while He from 0.444 to
0.530. Ho values from high to lowest that is population of
Sukamandi LRPTBPAT (0.469), BBUG Samas (0.438),
BBI Ciamis (0.417), and UPBL Probolinggo (0.354) while
the value He high to lowest that are UPBL Probolinggo
(0.530), LRPTBPAT Sukamandi (0.519), BBUG Samas
(0.514), and BBI Ciamis (0.444) populations (Table 5).
Overall heterozygosity values of the four population tend to
be moderate. According to Frankham et al. (2002) if He
values between 0.60 to 0.80 the population has a high value
of genetic diversity. This shows that the four populations
indicate depressed especially populations of the BBI Ciamis.
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Figure 2. Allele frequencies histograms of each locus. A. LRPTBPAT Sukamandi (F11), B. BBI Ciamis (F5), C. BBUG Samas (F2),
and D. UPBL Probolinggo (F2)

Fixation index (F) of the four populations tend to be
close to zero, with average values between 0.070 to 0.424.
The highest fixation index values in UPBL Probolinggo
population (0.424) while the lowest value in BBI Ciamis
population (0.070). Of the range of values indicates that the
parent of four populations experiencing random mating.
Significance test (Chi-square, χ2) between Ho and He
values indicate that the population of BBUG Samas, BBI
Ciamis, and LRPTBPAT Sukamandi did not differ
significantly (p <0.05) while the population of UPBL
Probolinggo differs significantly (p >0.05). This suggests
that the population of Probolinggo UPBL deficient values
observed heterozygosity (Ho) (Table 6).

The population of LRPTBPAT Sukamandi has close
genetic relationship with populations BBI Ciamis (0.842)
(Figure 3). The closeness of the genetic relationship of the
two populations indicates that the two populations have
similar origin broodstock, while the population of UPBL
Probolinggo shows different broodstock origin of all three
populations. The results of principal coordinates analysis
(PCA) showed the genetic distribution among individuals
from four populations sufficiently dispersed in all
quadrants. However, most tend to cluster and overlap in
quadrants two and three (Figure 4). This indicates that
individuals from four populations have a close genetic
relationship.

Genetic variation among populations
Analysis of AMOVA (Analysis of Molecular Variance)
based on allele frequencies showed the value of genetic
variation between populations by 8% while the variation
within populations by 92% (Table 7). This indicates the
genetic variation of four populations (LRPTBPAT
Sukamandi, BBI Ciamis, BBUG Samas, and UPBL
Probolinggo) are relatively similar. UPGMA dendrogram
showed two population groups, are (1) population from
UPBL Probolinggo and (2) population from LRPTBPAT
Sukamandi, BBI Ciamis, and BBUG Samas.

Discussion
Agarose electrophoresis often shows a lack of good
results for microsatellite fragment analysis because of a
large pore size. This weakness causes a small microsatellite
fragment was not detected on the gel so that the resolution
of the resulting bands is relatively low. However, the use of
agarose is helpful in confirming the successful
amplification because of the low cost. According to Wang
et al. (2009), a gel is good to use the metaphor agarose at a
concentration of at least 3% and polyacrylamide (PAGE)
with a concentration of 10%. Polyacrylamide gel to detect
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the allele size smaller (5-500 bp) compared to agarose (5020.000 bp) so it has a better accurate (Sambrook et al.
1989). To resolve this problem, the PCR using primers
labeled with a fluorescent dye or markers (Shimizu et al.
2002). This dye is a chemical can fluoresce when fragment
analyzed by laser light or automated sequencer. There are
four commonly used dyes, i.e., 6-carboxy-fluorescine
(FAM), hexachloro-6-carboxy-fluorescine (HEX), 6carboxy-X-rhodamine (ROX), and tetrachloro-6-carboxyfluorescine (TET) (Schulke 2000). The fourth marker will
give a different color when given light, where FAM blue,
HEX green, ROX red, and TET yellow (Glenn 2001).
Stutter bands are artifacts product resulting from the
events of slipped strand during the PCR process that
microsatellite fragment produced has a different length.
The slipped strand is also known as slip-strand mispairing
(SSM) (Eisen 1999), polymerase slippage (Chistiakov et al.
2006; Liu and Cordes 2004) or replication slippage
(Ellegren 2004). This slipped strand is generally caused by
a mutation that occurs in a repeat sequence. The frequency
of slipped strand during the PCR reaction for dinucleotide
motifs (CA/GT)n and mononucleotide (A/T)n estimated to
be about four to eight bases (Shinde et al. 2003).
Samples that have a stutter band is high (>80%) of the
dominant allele can make a mistake in scoring alleles,
especially for the heterozygous allele (having two peaks).
Dinucleotide motifs generally have high stutter bands when
compared with the motif of tri, tetra, penta, and
hexanucleotide. With the percentage of motif mono- >90%,
di- 30-44%, tri- 11-18%, tetra- <10%, and penta- <1%
(Walsh et al. 2006).
In order to reduce stutter bands generated, it can be
designed with the primary motive longer ie tri, tetra, penta,
and hexanucleotide. Also, it can use that motive is not
perfect (imperfect) eg (GTG)7CTCTG(GTG)8 and a
mixture of motifs (compound) eg (GTG)8(AT)16) (Butler
2005). With both these methods can reduce the occurrence
of slipped strand during DNA synthesis so that the
resulting reduced stutter bands.
Lowest PIC value at the locus MR8-88 (0.370). The
low value of the PIC is probably closely related to the
motif used is (AC)25. According to Neff and Gross (2001)
motif (AC)n in most vertebrate animals including shrimp
are the main factors that affect the rate of mutation.
Microsatellite mutation is usually a change in the base as
well as the overall sequence repeated. These mutations can
increase or decrease the polymorphism of a locus. But
generally, mutations will tend to decrease the
polymorphism of loci (Ellegren 2004).
Microsatellite mutation rate is high enough to reach 10-2
to 10-6 per locus per generation compared to other DNA
sequences (Ellegren 2000; Liu and Cordes 2004). This
mutation causes a microsatellite polymorphism tends to be
high and varies between species (Chistiakov et al. 2006;
Ellegren 2004; Liu and Cordes 2004). With these
characteristics can be used as a powerful molecular marker
to measure genetic diversity within populations (Liu and
Cordes 2004).

Based on research Maryanto (2012) in wild-type giant
prawns in Indonesia showed the locus Prk9A/T1 is very
informative with PIC value of 0.830. This indicates the
locus Prk9A/T1 has decreased polymorphism of each
generation produced. This decrease is influenced by
breeding pressure causing alleles in some loci is reduced or
lost. According to Freeland (2005) loss of some alleles or
decrease genetic variation in populations is influenced by
several factors: (i) genetic bottlenecks, (ii) genetic drift,
(iii) natural selection, and (iv) reproduction (inbreeding or
outbreeding).
Table 3. Allele frequency of each locus
Locus
Prk9A/T1

Prk4G/T1

TGFP16

Mr88-8

Allele LRPTBPAT
Sukamandi
162
0.458
163
0.021
293
0.000
302
0.521
305
0.000
160
0.146
161
0.479
162
0.000
223
0.083
224
0.042
227
0.021
228
0.042
231
0.104
232
0.083
162
0.250
163
0.563
252
0.021
260
0.000
262
0.000
264
0.104
265
0.000
269
0.021
292
0.021
306
0.021
160
0.875
161
0.000
162
0.042
247
0.000
248
0.000
249
0.000
256
0.021
258
0.021
263
0.042
266
0.000
282
0.000

Frequency
BBI
BBUG
Ciamis
Samas
0.271
0.208
0.021
0.042
0.083
0.167
0.625
0.583
0.000
0.000
0.021
0.083
0.354
0.708
0.063
0.021
0.000
0.063
0.063
0.000
0.000
0.021
0.250
0.104
0.000
0.000
0.250
0.000
0.167
0.083
0.708
0.792
0.021
0.000
0.000
0.021
0.021
0.000
0.063
0.083
0.000
0.021
0.021
0.000
0.000
0.000
0.000
0.000
0.979
0.563
0.000
0.042
0.000
0.167
0.000
0.042
0.000
0.125
0.000
0.021
0.000
0.000
0.000
0.000
0.021
0.021
0.000
0.000
0.000
0.021

UPBL
Probolinggo
0.271
0.000
0.063
0.563
0.104
0.104
0.375
0.021
0.000
0.000
0.063
0.042
0.250
0.146
0.167
0.833
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.688
0.000
0.188
0.000
0.021
0.042
0.000
0.000
0.000
0.021
0.042

Table 4. PIC (Polymorphic Information Content) value of each
population
Locus
N
Na
PIC
Category
Prk9A/T1
96
5
0.507
Moderate
Prk4G/T1
96
9
0.703
Moderate
TGFP16
96
10
0.410
Low
Mr8-88
96
11
0.370
Low
Note: high >0.75, moderate 0.50 to 0.75, low <0.50
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Table 5. Value of genetic diversity (heterozygosity) from each population
Populations

Prk9A/T1

Prk4G/T1

Locus
TGFP16

LRPTBPAT Sukamandi (F11)
N
24
24
Na
3
8
Ne
2.076
3.578
Ho
0.958
0.500
He
0.518
0.720
F
-0.849
0.306
BBI Ciamis (F5)
N
24
24
Na
4
6
Ne
2.122
3.866
Ho
0.750
0.750
He
0.529
0.741
F
-0.419
-0.012
BBUG Samas (F2)
N
24
24
Na
4
6
Ne
2.420
1.907
Ho
0.833
0.208
He
0.587
0.476
F
-0.420
0.562
UPBL Probolinggo (F2)
N
24
24
Na
4
7
Ne
2.472
4.144
Ho
0.875
0.375
He
0.595
0.759
F
-0.469
0.506
Total (Mean)
N
96
96
Na
3.750
6.750
Ne
2.272
3.374
Ho
0.854
0.458
He
0.557
0.674
F
-0.539
0.341
Note: number of samples (N), number of alleles (Na), number of effective alleles
heterozygosity (He), fixation index (F)

Mr8-88

Mean

24
7
2.554
0.250
0.609
0.589

24
5
1.299
0.167
0.230
0.275

24±0.000
5.750±1.109
2.377±0.477
0.469±0.178
0.519±0.105
0.080±0.318

24
6
1.870
0.125
0.465
0.731

24
2
1.043
0.042
0.041
-0.021

24±0.000
4.500±0.957
2.225±0.594
0.417±0.193
0.444±0.147
0.070±0.240

24
5
1.559
0.250
0.359
0.303

24
8
2.743
0.458
0.635
0.279

24±0.000
5.750±0.854
2.157±0.263
0.438±0.143
0.514±0.062
0.181±0.210

24
2
1.385
0.000
0.278
1.000

24
6
1.953
0.167
0.488
0.658

24±0.000
4.750±1.109
2.488±0.595
0.354±0.190
0.530±0.101
0.424±0.315

96
5.000
1.842
0.156
0.428
0.656
(Ne), observed

96
96±0.000
5.250
5.188±0.476
1.759
2.312±0.226
0.208
0.419±0.080
0.349
0.502±0.049
0.298
0.189±0.128
heterozygosity (Ho), expected

Table 6. Significance test (Chi-square, χ2) between Ho and He values of the four populations
Populations
LRPTBPAT Sukamandi (F11)
BBI Ciamis (F5)
BBUG Samas (F2)
UPBL Probolinggo (F2)
Note: df = degrees of freedom, * significant (p>0,05)

Heterozygosity
Ho
He
0.469
0.519
0.417
0.444
0.438
0.514
0.354
0.530

df

χ2

χ2 (0.05)

3
3
3
3

0.669
0.341
0.336
0.815*

7.814
7.814
7.814
7.814

Table 7. The results of AMOVA analysis
Source

df

SS

MS

Est. Var.

Among populations
3
23.083
7.694
0.219
Within populations
92
224.417
2.439
2.439
Total
95
247.500
2.658
Note: sums of squares (SS), mean sums of squares (MS), estimates of variances (Est. Var)

%
8%
92%
100%

Value PhiPT
0.082
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2.1358

LRPTBPAT Sukamandi (F11)

2.1358

BBI Ciamis (F5)

0.8423
1.5095
2.9781

4.4876

BBUG Samas (F2)
UPBL Probolinggo (F2)

1

Figure 3. UPGMA dendrogram from the four populations based on Nei's genetic distance (1978). Dendrogram shows the population
from Probolinggo UPBL separate from other groups (LRPTBPAT Sukamandi, BBI Ciamis, and BBUG Samas) while the population
from LRPTBPAT Sukamandi and BBI Ciamis have close genetic distance (0.8423).

Figure 4. The results of the PCA analysis from four populations.
Most of the individuals from four populations tend to cluster and
overlap in quadrants two and three

Genetic bottlenecks will accelerate genetic drift in the
population. The diversity of alleles in a population will
usually decrease after the occurrence of genetic bottlenecks
because of missing some alleles. Loss of this allele will
cause the low value of He while the value of Ho may not
be reduced or increased. Several studies have shown that
population bottlenecks continuously (3-4 generations) may
not have a genetic variation because it will continue to lose
alleles (Freeland 2005).
Inbreeding does not change the frequency of alleles in a
population, but increases the proportion of homozygous at
all loci. So that, it can reduce the overall genetic diversity
within populations based on the value of Ho though the
value He has not changed. This decrease will reduce the
rate of survival and reproduction of individuals. If allowed

to continue would eliminate genetic diversity through
increased mortality rate (Freeland 2005).
Based on the heterozygosity expectation value (He)
population of BBUG Samas (F2) (0.514), UPBL
Probolinggo (F2) (0.530), and BBI Ciamis (F5) (0.444)
have been depressed because there is on the generation of
F2 and F5 especially populations of BBI Ciamis.
According to information from BBI Ciamis that broodstock
used generally taken randomly from an enlargement
absence of selection. So it is assumed this phenomenon
affects decreasing genetic diversity of fries produced, while
the heterozygosity expectation value of LRPTBPAT
Sukamandi population (0.519) is stable because it is in the
F11 generation. According to Gjerde (2005), if it is
assumed the limited population by the rate of inbreeding
(ΔF) of 0.5% or 1% per generation, the population tends to
have genetic diversity that is stable at ten the future
generation with a value >0.60. This stability is influenced
by interbreeding or cross breeding were conducted with
various strains of prawns i.e., Musi (South Sumatra), Barito
(Borneo), Asahan (North Sumatra), and Ciasem (West
Java) (Khasani et al. 2010). However, the fries produced
from LRPTBPAT Sukamandi will continue to decline if it
not done the turn of the new broodstock.
The occurrence of depression in prawn fries (post-larva)
produced from the third hatcheries (BBI Ciamis, BBUG
Samas, and UPBL Probolinggo) shown that the need to
improvement genetic broodstock. The depression rate will
continue to increase if further inbreeding is done. Genetic
improvement is recommended to bring a new broodstock
from wild that has a high genetic variation. Based on
research Maryanto (2012) giants prawns from Jayapura
Papua have a high genetic variation with He values greater
than 0.80. However, this study should be continued to other
areas in Papua, which is likely to have a higher genetic
variation. In addition, the population needs to continue to
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domestication obtained if used as a source for new
broodstock.
Breeding program conducted continuously tends to
decrease the genetic variation of prawns produced. This
decrease could endanger further genetic improvement if not
done regeneration or replacement broodstock (Gjerde
2005). Therefore, monitoring of genetic diversity in
breeding programs is an important variable to do.
Monitoring is recommended that in each generation
produced so that it can be seen that a decrease in genetic
variation occurs. This is very useful as a reference for
regeneration or exchange broodstock genetically
superior.
The population of UPBL Probolinggo has a significant
difference between the value of Ho (0.354) and He (0.530).
According to Freeland (2005) if the value of Ho is
significantly lower than the value He then Wahlund effect
is a decrease in the value of heterozygosity relative to He
because of differences in allele frequencies between
subpopulations or loci. This effect is influenced by several
factors i.e., nonrandom mating, null alleles, natural
selection or small populations.
Based on the analysis of the fixation index (F) shows
that the four populations are experiencing random mating.
These results are probably due to broodstock used results
interbreeding between strains (GIMacro, Musi, Barito,
Asahan, and Ciasem).
Based on AMOVA analysis showed the genetic
variation of four populations is relatively similar. This
result is influenced by broodstock strains used area from
GIMacro and the result of cross breeding with other strains.
Similar to the population of LRPTBPAT Sukamandi is the
result of a cross between a female GIMacro and male Musi
so that some loci have the same number and allele
frequency. Based on information from the BBI Ciamis
hatchery that used originally be obtained from hatchery
LRPTBPAT Sukamandi because their location is not far.
While the hatchery UPBL Probolinggo located far away
from the three other hatcheries.
Based on the PCA analysis to increase genetic variation
broodstock can be done through crossbreeding between
populations that have different genetic variations.
Crossbreeding can be done that is between populations of
the BBI Ciamis with BBUG Samas or LRPTBPAT
Sukamandi because it shows the genetic distribution in
different quadrants.
In general, the fourth populations studied indicate
depression (He <0.60) especially populations of the BBI
Ciamis. For that, it is necessary to improvement genetic
broodstock. Genetic improvement is recommended to bring
a new broodstock from the wild. To bring in new
broodstock, needed further research to obtain genetically
superior broodstock especially the level of genetic
variation. Based on research Maryanto (2012) giant prawns
from Jayapura Papua has high levels of genetic variation
than other regions in Indonesia (Sumatra, Borneo, and
Sulawesi).
Having obtained the candidate new broodstock is
necessary for domestication, so it can adapt to the new
environment with better. Domestication is important to

617

avoid stress and death of the broodstock so it can produce
quality fries.
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Abstract. Jamshidzehi A, Mehdipour N, Jafari N, Azini M. 2017. Short Communication: Temporal and spatial variations of Rhodophyta
communities along the Chabahar Coast, Oman Sea. Biodiversitas 18: 619-622. Monthly sampling of macroalgae was carried out from
January 2014 to November 2014 in Iranian Coasts of Oman Sea along Sistan and Baluchistan province coastal waters. Monthly
sampling was done by a number of transects with equal distance and in randomly chosen 50×50cm quadrates. The samples were
transferred to the lab and after cleaning and separating, identified up to species level. A total of 17 species of Rhodophyta were
recognized, and the most observed families included: Gelidiaceae, Gracilariaceae, Hypneaceae and Rhodomelaceae. The maximum
algal biomass and of species belonged to Gracilaria corticata. Laurencia obtusa, Hypnea valentiae and Gracilaria corticata observed in
all stations and seasons. Laurencia obtusa, Hypnea valentiae and Gracilaria corticata observed in all stations and seasons. Comparing
to the previous study in the Chabahar Coast, steep decline in the number of observed macroalgae species in this region was observed.
Keywords: Abundance, Chabahar Coast, diversity, Oman Sea waters, Rhodophyta

INTRODUCTION
Benthic macrofauna has major role in ecosystem
primary productivity of marine environment (Falkowski
and Woodhead 2013). Marine macroalgae have a key role
in biogeochemical cycles and energy conversion through
photosynthesis for grazing marine animals and
invertebrates (Flindt et al. 1999; Melville 2005). Locating
in intertidal ecosystems, macroalgae are facing with several
environmental hazardous gradients, including fluctuating
temperature, salinity, light and nutrient levels and
immersion and submersion during tidal cycles (Han and
Liu 2014; Williams and Smith 2007; Helmuth et al. 2006).
Intertidal marine macroalgae mainly found in the rocky
intertidal substrates and have a key role in hard-substrate
food chain biota (Kaehler and Williams 1998).
Biotic and abiotic variation in intertidal zone is a
common phenomenon of sea (Lubchenco and Menge
1978); and seasonal fluctuation of marine macroalgae were
undertaken in different parts of the world (Hull 1997;
Babcock et al. 1999; Rubal et al. 2011; Tytlyanov et al.
2014; Mehdipour et al. 2015). Thirty-nine species of
macroalgae have been reported from Iranian coastal area of
the Persian Gulf and Oman Sea (Gharanjik 2005).
However, data on the distribution and seasonal changes of
marine macroalgae in the Chabahar Coast is limited
(Sohrabipoor and Rabiei 2008). In recent years,
anthropogenic activities had serious impacts on macroalgae
(Nelson 2009), and globally they are in serious decline with
their loss accelerating from about 1% yr-1 before 1940 to

7% yr-1 presently (Waycott et al. 2009). Therefore, it is
essential to understand the species present, measurement
seasonal changes, and diversity of macroalgae species in
each region.
The aim of this study was to determine the seasonal
variation and abundance of hard-substrate intertidal
macroalgae and reporting their abundance along the
coastline of Chabahar, the Oman Sea. Results of this study
can help to better understand the macroalgae distribution
and species composition in this region and monitoring
programs.
MATERIALS AND METHODS
Study area
This study was conducted in the Sistan-Baluchestan
Province waters, Southeast of Iran, in the Oman Sea
Waters. Three sampling station selected and sampling
performed monthly from January 2014 to November 2015
in Chabahar Coastline, the Oman Sea (Figure 1).
Procedures
A 50×50 cm quadrat (0.05 m2) was performed on rocky
substrate to obtain random samples from macroalgae
communities with three replicate and the samples were
preserved in 4% formalin. In the laboratory, the seaweeds
were sorted, identified up to the species level and counted.
The map of studied area plotted with the ggmap package
(Kahle and Wickham 2013).
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Figure 1. Map of studied area. Red points shows sampling stations in Chabahar Coast (Iran), Oman Sea

Data analysis
All the statistical analyses were carried out with R
statistical packages Version 3.3.1 (Ihaka and Gentleman
1996). Kolmogorov-Smirnov test was used prior analysis to
test data normality. Non-Multidimensional Scaling (nMDS)
were employed to show the location/dispersion of betweengroup effects based on a matrix of observed macroalgae
species in each season, in the following. Relative
abundance was employed to identify the indicator species
among seasons. The formula is as follows: species
abundance / total abundance (Hayek and Buzas 1997).
These analyses performed with the vegan and
BiodiversityR package (Oksanen et al. 2016; Kindt and
Coe 2005). Relative frequency and diversity were
calculated throughout the season and station using the
Shannon diversity, evenness index and Berger-Parker index
(Ludwig and Reynolds 1988).
RESULTS AND DISCUSSION
Total 17 species belong to 10 families of Phylum
Rhodophyta were recorded in this study. A total number of
seaweed species was maximum in station 2 and three
followed by station 1. Laurencia obtusa, Hypnea valentiae
and Gracilaria corticata observed in all stations and
seasons. Laurencia obtusa in winter and Gracilaria
corticata in spring, summer and autumn were dominant
species in station 1. Botryocladia leptopoda in winter,
Hypnea valentiae in autumn, Gracilaria corticata in
summer and Laurencia obtusa in spring were most
observed species in station 2. Hypnea cervicornis in winter
and Laurencia obtusa spring, summer and autumn were

dominant species in station 3 (Table 1). For spatial,
maximum diversity observed in station 1, and for temporal,
the diversity indices of winter followed by autumn, spring
and summer. Minimum values of evenness indices found in
autumn and spring. Analysis of Berger-Parker index
showed that domination was less in winter and high in
summer (Table 2). Results of nMDS showed changes in
mean-variance relationship between summer, spring and
autumn were in dispersion effect, while winter was
separated by location effect (Figure 2).
A total of 17 observed macroalgae in this study was
reported in the last checklist of the marine macroalgae of
Iran (Kokabi and Yousefzadi 2015). However, Sohrabipoor
and Rabiei (2008) reported 74 identified species in the
Chabahar Coast, although they studied 8 sampling sites
from 2000 to 2003. On the other hand, Laurencia obtusa,
Cotonella filamentosa, Melanothamnus somalensis and
Champia kotschyana were observed in this study which
was not reported by Sohrabipoor and Rabiei (2008).
Maximum diversity of macroalgae observed in winter
and autumn. This might be results of lower temperature in
winter and autumn. Santos (1993) declared that
temperature is an important environmental factor that
determines macroalgal distributions. In addition, the
temperature has long been recognized as a major factor
governing species distribution in other intertidal
communities (McQuaid and Branch 1984), and Mehdipour
and Gerami (2016) reported that temperature has indirect
effect on the abundance of hard substrates inter-tidal
communities. It is well known that high-temperature
regimes are less in winter and autumn than spring and
summer in the Chabahar Coast as it considers as a tropical
region (Rahimi et al. 2015). Indeed, in this study, explicit
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temporal and spatial variation in macroalgal observed
(Table 1, Figure 2). Similar patterns of temporal variation
in algal diversity were also reported by Sohrabipour et al.
(2004) and Dadolahi-Sohrab et al. (2012) in the Persian
Gulf.
Table 1. Temporal and spatial variation in relative abundance (%)
of macroalgae in Chabahar Coast, Oman Sea. Maximum relative
abundance in each season are bold
Species
Winter
Station 1
Laurencia obtusa
Cotonella filamentosa
Hypnea valentiae
Gracilaria corticata
Melanothamnus somalensis
Champia compressa
Hypnea musciformis
Station 2
Botryocladia leptopoda
Hypnea valentiae
Champia compressa
Gracilaria corticata
Hypnea charoides
Champia kotschyana
Laurencia snyderiae
Laurencia obtusa
Hypnea musciformis
Gelidium pusillum
Polysiphonia sp
Station 3
Hypnea cervicornis
Gelidium pusillum
Gracilaria corticata
Champia compressa
Grateloupia somalensis
Gelidiella acerosa
Laurencia obtusa
Hypnea valentiae
Jania adhaerens
Hypnea musciformis

Season
Spring Summer

Autumn

31
27.9
25.1
16
-

23.7
15.8
40
10.2
5.6
4.7

14
26
50.4
9.5

19.5
19
39.2
9.5
7.7
5.1

24.7
14.8
14.2
13.3
11.1
9.5
7.1
5.3
---

-10.5
-19.1
---30
23.7
16.8

-32.9
-41.3
---25.7
---

31.5
23.1
19.8
11.3
5.5
4.3
2.3
2.2
---

--25.3
7.7
-7.1
26.8
19
9
5.1

--12.9
12.2

5.9
2.8
7.8
17.3

6.9
31.2
22.9
-13.8

4.7
28.9
12.7
-19.9

26.1
8.6
9.5
8.1
15.3
20.2
4.2
8

Table 2. Temporal and spatial variation in diversity indices of
macroalgae in Chabahar Coast, Oman Sea
Diversity
indices
Shannon
Berger
Evenness
Simpson

Shannon
Berger
Evenness

Winter
2.325
0.172
0.787
0.888
Station 1
2.304
0.235
0.668

Temporal
Spring
Summer
1.835
1.553
0.295
0.305
0.696
0.788
0.801
0.762
Spatial
Station 2
1.808
0.254
0.762

Station 2
1.848
0.248
0.705

Autumn
2.00
0.213
0.672
0.838

Figure 2. n-MDS ordination by seasons of the root-transformed
macroalgae abundance data for the Chabahar Coast, Oman Sea.
Stress value is 0.1 in the analysis.

According to the results, Laurencia obtusa, Hypnea
cervicornis, Botryocladia leptopoda, Hypnea valentiae and
Gracilaria corticata were dominant species in different
seasons and stations. Domination of Rhodophyta in the
Chabahar Coastline has been reported by Sohrabipoor and
Rabiei (2008). In addition, Laurencia obtusa in Belizean
barrier reef (Littler et al. 1987), Hypnea cervicornis (=H.
boergesenii) in Papua New Guinea (Hejis 1987),
Gracilaria corticata and Hypnea valentiae in the southeastern coast of India (Satheesh and Wesley 2012) were the
most abundant species in macroalgae communities as well.
However, no literature data was available for domination of
Botryocladia leptopoda in macroalgal communities.
Domination of Gracilaria corticata and Laurencia obtusa
in summer shows that these two species has a preference
for high temperatures. Raikar et al. (2001) reported that
optimum temperature level for Gracilaria spp. Is 20° C and
Nishihara et al. (2005) revealed that higher irradiances and
temperatures improved Laurencia nitrate uptake in vitro.
Macroalgal community structure can reflect the
ecological status of a coastal environment (Guinda et al.
2012). Results of diversity indices show poor ecological
status in station 2 and 3 compared to station 1 (Table 2).
Macroalgal growth is highly controlled by the availability
of nutrients and light distribution in habitats (Lüning 1990).
Although in none of the environment nutrients investigated
in this study, based on field observations, habitats in
different stations were not uniform. Spatial variation in
macroalgae communities based on different habitats
reported by researchers (Levin 1993; Cruz-Motta et al.
2010; Han and Liu 2014; Han et al. 2014; Sangil and
Guzman 2016).
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To conclude, this study revealed the spatial and
temporal variation of macroalgae species along Chabahar
Coastline. Maximum diversity of macroalgae found in
winter and followed by autumn. Laurencia obtusa, Hypnea
boergesenii, Botryocladia leptopoda, Hypnea valentiae and
Gracilaria corticata were dominant species in different
seasons and stations. Comparing to the previous study in
the Chabahar Coast, steep decline in the number of
observed macroalgae species in this region was observed.
However, the effect of environmental parameters in
macroalgae communities distribution in this region has still
remained unknown.
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Abstract. Suyatna, I, Mislan. A. Rahman A. Winta Wijaya YI. 2017. A biophysical observation of Mahakam River around Tanjung Una
of Kutai Kartanegara, Indonesia. Biodiversitas 18: 623-632. The aim of this study is to dig up more information about the biophysical
conditions of Mahakam River around Tanjung Una of Kutai Kartanegara, Indonesia including the fishery potential in these locations.
The observations were conducted in two periods. Through field surveys, the sample of fish and shrimp were caught with pulled nets
from many stations, while to know the water quality around the location of the observation, water sampling was conducted and then the
sample was brought to a laboratory to be analyzed in order to find out its quality. On the scale of taxonomy and ecology, community
structure of fish and shrimp from 21 species of fish consisted of 17 families, five orders, and one class. For the shrimp, it was only four
identified species of the genus Macrobrachium family Palaemonidae and genus Metapenaeus family Penaeidae ordo Decapoda class
Malacostraca. The distribution of the length and weight of fish and shrimp was found out to be small. The value of the diversity index
between the fish and shrimp showed low to moderate with a value of D: 0.150 to 0.601; H': from 0.986 to 2.089, E: 0.268 to 0.621 and
Margalef: 1,475-2,345 for the fish and a value of D: 0.325 to 0.688, H': from 0.615 to 1.205, E: 0.462 to 0.834 and Margalef: from 0.490
to 0.614 for the shrimp. The index indicated that there were species that tend to dominate other species. The species richness was low.
Physical-chemical properties and heavy metal content in the Mahakam River around Tanjung Una were generally still below the quality
standard. The observations concluded that the number of marine fish species was found two times higher than the river fish species, but
not to the number of population.
Keywords: Kutai, Mahakam River, river fish, Sanga-sanga

INTRODUCTION
Mahakam River is the largest and longest river in East
Kalimantan; even it is one of the longest rivers in Indonesia
(more than 900 km long). Until now, 72.82% of people still
regard the river as a garbage dump (Supinganto and
Budiana 2015). In East Kalimantan province, there has
been started a construction of a dam on the river, namely
on the north side of it and according to Yi et al. (2010) dam
may disrupt migration fish (ruaya fish), and especially, the
life cycle of diadromous fish with the population of less
than 20% (>20%) of overall population (Liermann 2012).
Pranoto and Suripin (2012) states that dam-shape reservoir
has some functions namely as flood control, power
generator, irrigation and water supply, and the building
itself can reduce the impact of the water flow on the river
sedimentation.
Mahakam River and its flooding area like the lakes in
the Central Part of Mahakam and delta at the downstream
of Mahakam have important natural resources for daily
economic needs for the people living in the vicinity. It was
used as the fishing, fish farming, sand mining and water
transportation and river crossings (Suyatna 2007). It is
known that the condition of the Mahakam River began to
change in 1970 since the logging of forests (deforestation)

to produce logs. The hardest disruption to the river is
estimated to be happened in the next 10 to 15 years after
the commencement of the activities of oil palm plantations
and coal mines. Some of the specific activities undertaken
in upstream areas have been identified to lead to the
increase of sediment load (Buschmans et al. 2011; PorterBolland et al. 2011), such as oil palm plantation activities
and coal mines (Obidzinski et al. 2012). East Kalimantan
has lost most of its moist forests due to massive logging in
the 1970s to the 1990s (Jorde 2013). The river is not only
influenced by human activities but also by nature such as
climate. According to Nizar et al. (2014), the climate does
not only affect the biophysical condition of the river but
also the lives of river. The fish community structures, such
as diversity and distribution, are known to be quite high
during the rainy (in March) and in the transition season (in
May), and low in the dry season (in July) but with high
dominance during the dry season. The study of the impact
of oil palm plantation and mining has been done by Rashid
et al. (2014) in West Kalimantan and Papua. The research
results indicate the occurrence of soil erosion and water
contamination.
One of the regencies that have mining concessions in
East Kalimantan is Kutai Kartanegara. Sanga-sanga is one
of its subdistricts that have five wards. This subdistrict is
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one of the regions producing oil and natural gas that are
very important in East Kalimantan since the discovery of
oil wells "Louise" in 1897, besides the oil wells "Mathilde"
which is located in Balikpapan and up to now, its reserves
of petroleum and natural gas is still exploited by Oil
Company. As a form of concern on the environment, oil
and gas companies have been doing various activities such
as planting trees around the company both on land and in
the river banks to prevent erosion and abrasion. Moreover,
in the area around the village of Sanga-sanga Muara, there
can be found the threatened primates, Bekantan. Some
surveys on the type, density and habitat of this primate
have been conducted, especially in Tanjung Una which is
planned to be Bekantan tourism area. Tanjung Una is a
small island located in the middle of the Mahakam River.
To extend the information of the river, the surveys on
biophysical and fishery potential of Mahakam River are
conducted and through this survey, it is expected that the
data about Tanjung Una could be collected extensively,
since the government have made plan to make the Sangasanga Muara Village as a tourism area for proboscis
monkey, Nasalis larvatus (Wurmb, 1787).
MATERIALS AND METHODS
The survey activities were conducted in May 2014 in
the Mahakam river in the village of Sanga-sanga and Sari
Jaya, Subdistrict of Sanga-sanga, Kutai Kartanegara
District, East Kalimantan, Indonesia. The fish and water

sampling were conducted in Mahakam river and between
Mahakam river and its tributaries (1st period) and it was
repeated in August 2015 in tributaries of Mahakam River
(2nd periods) as shown in Figure 1. Samples of fish were
collected using dragging nets (mini trawl) with net pulling
time of 10 minutes. The coordinates of sampling points
were recorded using a Global Positioning System (GPS),
117°19'32" E and 0°37'55" S in Mahakam river,
117°16'53" E and 0°35'55" S at the mouth of a tributary of
Mahakam River and 117°14'53" E and 0°37'22" S on the
tributary of the Mahakam River.
In the laboratory, fish were classified to each species,
their individuals were counted, and their length and weight
were measured. The length of fish was measured using a
measuring instrument with mm accuracy, and a digital
scale with the accuracy 0.01 g was used to weight the fish
and shrimps, then they were photographed for
documentation using a digital camera.
Water samples were taken to be analyzed in the
laboratory to determine the physical and chemical
properties of water. At around fish and shrimp sampling
stations, the depth of the river was measured using echosounder to obtain the profile of the river base.
To calculate the diversity index, the Past software
version 3.0 was used. To analyze the similarity of the
number of individuals and the number of biota species
between river fish and marine fish, Bray-Curtis index was
used (Wolda 1981). Fish identification refers to Kottelat et
al. 1992; Chakrabarty et al. 2008; Seah et al. 2009; Iqbal
2011; Matsunuma et al. 2011; Anam and Mostarda 2012.

LEGEND:
1. Mahakam river
2. River mouth
3. Payau branch of Mahakam river

Figure 1. The geographical location of the sampling point of fish and shrimp in the Mahakam River around Tanjung Una, Subdistrict of
Sanga-sanga, Kutai Kartanegara District, East Kalimantan, Indonesia
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RESULTS AND DISCUSSION
The structure of biota community
Taxonomically, the observation resulted in 21 species
of fish consisting of 17 families, 5 orders, and 1 class. For
shrimp, there were found four species of the genus
Macrobrachium, family Palaemonidae and genus
Metapenaeus, family Penaeidae, ordo Decapoda, class
Malacostraca that were presented in Table 1. Table 2, 3 and
4 are the combination of several biological samplings. For
Table 2 and 3, they are done in the same period, but in
different stations, while Table 4 is done at different period.
The observation and identification of fish caught in
Mahakam River around Tanjung Una show that most of the
fish comes from the sea. Thus, generally and ecologically,
the species of fish found in the Mahakam River, especially
around Tanjung Una comprises two groups, group of river
fish and group of marine fish. The fish is same with the fish
caught in the mouth of the Mahakam delta at salinity of 1.3
to 33.0‰ (Suyatna et al. 2010). In addition, Juliani and
Suyatna (2014) found the species in the coastal waters of
Sangatta in salinity of 20.2 to 33.0‰. Otek, Baung, Ikan
Sebelah, Puput, Gulamah, Bilis, Ikan Bulu Ayam, Ikan
Kaca, Pepetek and Buntal are found in saltwater
(Sriwidodo 2013; Khatib 2015; Farrag et al. 2016).
Archerfish (Ikan Sumpit), that tends to swim in
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surface in order to spurt its insects prey as food, lives in its
habitat around the mangrove, estuary and river (Simon et
al. 2013). Tempakul fish (Gobi) can live in the rivers or
near the sea as reported by Hermosilla et al. (2012). As
much as 98% of all catches made during the year in the
mouth of Obitsugawa River is fish genus Gymnogobius
family Gobiidae. While the fish species such as Tikusan
fish, Lidah fish, Sebelah fish, Pepetek fish and Gulamah
fish are found in Johor bay Singapore for the first time (Ng
et al. 2015). All species of fish is caught in the survey
locations and is also commonly found in the lake including
Lais fish, Wader fish, Tikusan fish and Patin. Lais fish has
six species namely Kryptopterus limpok, K. cryptopterus,
K. schilbeies, K. hexapterus, Hemisilurus moolenburghi
and K. bicirrhis. Patin lives in the river, and there were
about 14 species lived in Indonesia but due to the intense
catches, their population has continued to decline and in
some areas, it has already been categorized into protected
fish, but the effort of cultivation for accelerating growth
process still continues through a test of adding cinnamon
leaf for additional feed (Setiawati et al. 2016). On the study
site, one species is identified as a member of the family
Carangidae namely Carangoides sp. which is commonly
found in the sea with quite high salinity (about 30‰).
According to Hugueny et al. (2010) the dynamic and the
structure of sea and river fish community can not be

Table 1. The result of observation on fish and shrimp species from the Mahakam River around Tanjung Una of Kutai Kartanegara,
Indonesia
Species

Family

Order

Class

Fish
Kaca (Ambassis sp.)
Beseng (Apogon sp.)
Baung (Arius sp.)
Otek (Mystus sp.)
Tikusan (Bagrichthys sp.)
Trakulu (Carangoides sp.)
Lidah (Cynoglossus sp.)
Wader (Puntioplites sp.)
Bilis (Thryssa sp.)
Bulu Ayam (Setipinna sp.)
Teri (Stolephorus sp.)
Ikan Gobi (Amoya sp.)
Petek (Leiognathus sp.)
Petek (Secutor sp.)
Patin (Pangasius sp.)
Puput (Pellona sp.)
Sebelah (Psettodes sp.)
Gulamah (Jhonius sp.)
Lais (Kryptopterus sp.)
Buntal (Tetraodon sp.)
Sumpit (Toxotes sp.)

Ambassidae
Apogonidae
Ariidae
Bagridae
Bagridae
Carangidae
Cyglossidae
Cyprinidae
Engraulidae
Engraulidae
Engraulidae
Gobiidae
Leiognathidae
Leiognathidae
Pangasidae
Pristigasteridae
Psettodidae
Sciaenidae
Siluridae
Tetraodontidae
Toxotidae

Perciformes
Perciformes
Siluriformes
Siluriformes
Siluriformes
Perciformes
Pleuronectiformes
Cypriniformes
Clupeiformes
Clupeiformes
Clupeiformes
Perciformes
Perciformes
Perciformes
Siluriformes
Clupeiformes
Pleuronectiformes
Perciformes
Siluriformes
Tetraodontiformes
Perciformes

Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii
Actinopterygii

Shrimp
Udang Galah (Macrobrachium sp.)
Udang Galah Rospen (Macrobrachium sp.)
Udang Galah Batu (Macrobrachium sp.)
Udang Bintik (Metapenaeus sp.)

Palaemonidae
Palaemonidae
Palaemonidae
Penaeidae

Decapoda
Decapoda
Decapoda
Decapoda

Malacostraca
Malacostraca
Malacostraca
Malacostraca
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Table 2. Species, number of individuals and the average of length-weight of four times sampling from the Mahakam River around
Tanjung Una of Kutai Kartanegara, Indonesia and its tributary (1st Period, 2014)
Number of
individuals

Species

Length (cm)

Weight (g)

Habitat

Fish
Baung (Arius sp.)
Bilis (Thryssa sp.)
Buntal (Tetraodon sp.)
Gulamah (Jhonius sp.)
Ikan Gobi (Amoya sp.)
Lais (Kryptopterus sp.)
Otek (Mystus sp.)
Patin (Pangasius sp.)
Puput (Pellona sp.)
Wader (Puntioplites sp.)
Total number of fish

22
27
20
8
4
8
3
6
5
344
447

4.4-25.0
6.5-15.5
3.0-6.5
5.0-11.5
7.0-8.1
8.2-20.0
12.0-20.0
5.0-19.0
9.5-10.6
5.5-13.5

1.0-251.5
3.0-40.0
2.0-15.5
5.0-27.0
5.5-8.0
5.0-40.0
21.5-91.5
1.0-42.0
11.5-17.0
4.5-72.5

River
Sea/Brackish river
Sea/Brackish river
Sea/Brackish river
Sea/Brackish river
River
Sea/Brackish river
River
Sea/Brackish river
River

Shrimp
Udang Galah (Macrobrachium sp.)
Udang Galah Rospen (Macrobrachium sp.)
Udang Galah Batu (Macrobrachium sp.)
Udang Bintik (Metapenaeus sp.)
Total number of shrimp
Total

15
109
1
8
133
580

5.5-14.0
2.1-6.4
8.3
3.2-6

1.0-29.0
0.1-3.5
5.8-6.0
0.5-2.5

River
River
River
Sea/Brackish river

Table 3. Species, number of individuals and the average of length-weight of fish and shrimp from three times sampling of the Mahakam
River around Tanjung Una of Kutai Kartanegara, Indonesia (Period 1, 2014)
Number of
individuals

Species

Length (cm)

Weight (g)

Habitat

Fish
Baung (Arius sp.)
Bilis (Thryssa sp.)
Buntal (Tetraodon sp.)
Gobi (Amoya sp.)
Gulamah (Jhonius sp.)
Kaca (Ambassis sp.)
Lais (Kryptopterus sp.)
Otek (Mystus sp.)
Patin (Pangasius sp.)
Puput (Pellona sp.)
Sebelah (Psettodes sp.)
Sumpit (Toxotes sp.)
Tikusan (Bagrichthys sp.)
Wader (Puntioplites sp.)

49
5
22
12
44
9
21
18
1
0
1
1
1
20

10.2-35.0
8.5-11.5
3.5-7.5
4.8-15.0
7.8-15.0
7.3-11
6.5-24.0
10.0-2.5
7.3
0
11.0
13.0
17.8
7.6-12.0

8.1-302.0
3.4-9.4
1.7-11.5
3.2-15.9
8.0-32.0
6.0-17.0
2.2-57.4
7.7-110.5
4.0
0
15.8
41.1
29.9
6.6-22.7

River
Sea/Brackish river
Sea/Brackish river
Sea/Brackish river
Sea/Brackish river
Sea/Brackish river
River
Sea/Brackish river
River
Sea/Brackish river
Sea/Brackish river
Sea/Brackish river
River
River

Shrimp
Udang Galah (Macrobrachium sp.)
Udang Galah Rospen (Macrobrachium sp.)
Udang Galah Batu (Macrobrachium sp.)
U.Bintik (Metapenaeus sp.)
Total number of shrimp
Total number

71
195
19
1
286
490

4.5-24.0
3.7-7.0
7.2-9.7
8.0

0.8-167.8
0.7-3.9
4.1-12.4
8.9

River
River
River
Sea/Brackish river

predicted or understood only by the interaction with the
nature of the local habitat. It is also described by Muchlisin
and Azizah (2009) that the nature of the group of river fish
greatly varies, as they have reported about the discovery of

41 families from five locations. Five families are found all
over the place while other five families are only found in
one place.
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Table 4. Species, number of individuals and the average of length-weight of fish and shrimp from three times sampling of the Mahakam
River around Tanjung Una of Kutai Kartanegara, Indonesia (2nd Period, 2015)
Species

Number of
individuals

Length (cm)

Weight (g)

Habitat

Fish
Otek (Mystus sp.)
Wader (Puntioplites sp.)
Gulamah (Jhonius sp.)
Baung (Arius sp.)
Gobi (Amoya sp.)
Buntal (Tetraodon sp.)
Puput (Pellona sp.)
Bilis (Thryssa sp.)
Kaca (Ambassis sp.)
Petek (Leiognathus sp.)
Petek (Secutor sp.)
Teri (Stolephorus sp.)
Lidah (Cynoglossus sp.)
Beseng (Apogon sp.)
Bulu Ayam (Setipinna sp.)
Trakulu (Carangodies sp.)
Total number of fish

43
279
63
41
16
21
13
53
3
37
12
2
2
6
2
7
600

4.8-22.0
6.5-9.4
5.1-15.5
4.1-18.8
8.2-21.1
4.0-12.2
6.0-15.5
4.8-20.4
5.6-12.6
4.5-8.4
3.2-5.7
4.3-7.0
7.2-15.8
6.8-9.0
8.5-10.7
6.3-8.2

0.6-88.7
2.5-35.2
1.0-30.7
13.5-222.8
2.0-59.8
2.0-59.8
2.0-26.9
2.0-63.7
2.5-15.6
1.4-9.6
0.5-1.9
0.5-2.1
3.8-43.7
3.4-7.0
2.0-5.0
3.6-7.4

Sea/Brackish river
River
Sea/Brackish river
River
Sea/Brackish river
Sea/Brackish river
Sea/Brackish river
Sea/Brackish river
Sea/Brackish river
Sea/Brackish river
Sea/Brackish river
Sea/Brackish river
Sea/Brackish river
Sea/Brackish river
Sea/Brackish river
Sea/Brackish river
14

Shrimp
Udang Galah (Macrobrachium sp.)
Udang Galah Rospen (Macrobrachium sp.)
Udang Galah Batu (Macrobrachium sp.)
Udang Bintik (Metapenaeus sp.)
Total number of shrimp
Total

163
22
92
178
455
1055

2.3-15.7
2.5-5.9
3.8-17.0
2.0-7.7

0.5-82.6
0.6-6.0
1.5-105.4
0.3-7.4

River
River
River
Sea/Brackish river

Unlike fish, only four species of shrimp, from two
genera, are found. Either the number of species or the
number of individuals, Udang Galah gets higher result than
Udang Brintik. All of the shrimp species lives in river or in
brackish. Shrimp is a water biota that is particularly
vulnerable because it is a living food for many species of
predatory fish. Therefore, shrimp needs shelter to increase
its survival (Priyono et al. 2011). Population decreases so
quickly due to the high frequency of catching. To
overcome this, restocking is usually done. A restocking is
conducted to restore an ecosystem and it was being tested
by Obolski et al. (2016). Udang Galah is amphidromous.
During the rainy season, the adult female shrimps swim to
the sea (migrate) to release their eggs. After they hatch and
grow into larvae, these larvae swim back to upstream or to
their habitat in the dry season along the side of the river
(Bauer 2016).
In general, the result of calculating the diversity index
of community structure of fish and shrimp showed
diversity between low to moderate. There is a tendency of
one species to dominate other species and it makes the
species richness low (Table 5). According to Wambold et
al. (2011), the higher number of factors, both abiotic and
biotic, in an environment the higher the effect on the
composition of a community.
The comparison results of fish populations from
sampling activity in Mahakam River and in around the
confluence of Mahakam River and Mahakam tributary

showed almost no different. The similar condition happens
to the comparison results of river fish and marine fish after
being separated. The species number of marine fish in the
Mahakam River around Tanjung Una is two times higher
than the river fish species. Both fish and shrimp which
were found during the observation are at a small size,
namely larvae-size fish and baby fish size. Based on the
shrimp population between stations on 1st period
(Mahakam river and around the Mahakam river and its
tributaries), the difference is quite high, while between the
period (P1 and P2), it shows almost the same (Table 6).
Water quality
Good water quality is necessary for the life of biota in
the water. Many factors affect the quality of the water river,
namely, dense settlements, passenger port, the port of
loading and unloading of coal, the high frequency of vessel
traffic including coal pontoon and the pontoons mooring,
and these factors are found at the study site. Djiriéoulou et
al. (2014) reported that from the result of fish and shrimp
catching activity which is done once a month, the highest
abundance of fish and shrimp is found at location that is far
from the waste location of processed palm oil. Therefore, it
became really important to do an analysis of the water
quality given the condition at the research site. The results
of the analysis of water samples to determine the
physicochemical properties of the waters around the
location of the observation are presented in Table 7.
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Table 5. The diversity Index of community structure of biota of
Mahakam River around Tanjung Una, Sanga-sanga Subdistrict,
Kutai Kartanegara District, East Kalimantan, Indonesia
Periods
Fish
1.1
1.2
2.1

No. of
species
10
13
16

No. of
ind.
447
204
600

D

0.601
0.150
0.252

H’

0.986
2.089
1.908

E

0.268
0.621
0.421

Marga
lef
1.475
2.256
2.345

Shrimp
1.1
4
133
0.688 0.615 0.462 0.614
1.2
4
286
0.531 0.807 0.560 0.530
2.1
4
455
0.325 1.205 0.834 0.490
Note: two times survey were undergone on 1st Period, one-time
survey was undergone on 2nd Period

Table 6. Bray-Curtis Index of fish population among period, the
population and the species number of river fish and marine fish
around Tanjung Una, Sanga-sanga Subdistrict, Kutai Kartanegara
District, East Kalimantan, Indonesia

Fish
Fish population between stations
on P1
River fish and Marine fish
population on P1 and P2
The number of River fish and
Marine fish species on P1 and P2
Shrimp
Shrimp population between stations
on P1
Shrimp population between 1st
Period and 2nd Period

Dissimilarity

Similarity

0.0783

0.9217

0.2672

0.7328

0.5238

0.4762

0.3652

0.6348

0.0412

0.9588

Table 8. The structure of plankton communities from each
sampling points in the Mahakam River around Tanjung Una,
Sanga-sanga Subdistrict, Kutai Kartanegara District, East
Kalimantan, Indonesia.
Index
Diversity (H’)
Uniformity (E)
Domination (D)

Sampling
point 1
2.05
0.98
0.13

Sampling
point 2
1.77
0.99
0.17

Sampling
point 3
1.91
0.98
0.16

Based on laboratory analysis, both physical-chemical
contents and heavy metal content in the waters around
Tanjung Una are generally still below the quality standard
even though the surrounding areas are densely populated
and agricultural activities are active. Ambedkar and
Muniyan (2012) found a concentration of heavy metal Cd

in river fish exceeding the quality standard. It is also
reported by Opaluwa et al. (2012) and Klake et al. (2012)
that heavy metals such as Zn, Pb, Fe, Mn, Cd and Hg in the
sediment and in the water exceeded the quality standard
though it can still be tolerated, and it is suggested to
monitor it regularly since these metals have long-term
effects. In the research area, the river has its ups and downs
twice each day. Therefore, part of the Mahakam River
encounters dilution and also receives submissions water
each time from upstream, so it helps to stabilize the water
conditions. It can be seen from the results of water quality
analysis of the study sites showing good water conditions
which is indicated by high concentration of nutrients such
as phosphate from 0.17 to 0.20 mg/L, nitrates from 1.02 to
1.18 mg/L and DO from 5.86 to 6.60 mg/L, with
temperature from 29,1o - 30,2oC, but the abundance of
plankton is only about 250 individuals / l. While, the
research results from Simanjuntak (2009) in a study found
that concentrations of phosphate and nitrate have much
smaller number namely 0.013 to 0.028 mg/L and 0.007 to
0.015 mg/L, DO from 4.09 to 4.52 mg/L and the water
temperature of 28.85 -29.55oC and low plankton abundance
is only about 39.0 ind./L. Thus, the Mahakam River around
Tanjung Una is still suitable as organism life-sustaining,
though many activities having the potential for river
pollution are there in the vicinity. The results of the
analysis of plankton reinforce this point because of its
abundance indicates a near-uniformity in size of the
population, otherwise, if there is a bad environmental
condition, only certain species may grow significantly
(blooming). In all plankton sampling points, six species of
phytoplankton and five species of zooplankton were
identified. The abundance of phytoplankton and
zooplankton for each sampling point is presented in Figure
2 and their community structure is presented in Table 8.
Phytoplankton species of Chlorophyceae family are
scattered throughout the sampling points, but only two
species of zooplankton species are found in the sampling
points. According to Veronica et al. (2014), an abundance
of plankton is strongly influenced by the environmental
conditions, including predation by zooplankton or by
herbivores fish.
The depth of the river
The results of river sounding on Mahakam River,
especially in the location of fish and shrimp sampling as
well as water sampling showed that the water depth ranges
between 6.0-11.0 m. The detailed profile of measured river
is presented in Figure 3 and 4.
Generally, species of fish can live in various places, but
they, specifically, occupy a particular place. Costa et al.
(2013) caught 1223 fishes of seven species in four rivers
with different depths (> 8 m) and wide range of conditions.
70% of the fishes were caught from river with depth of <4
m and had a weight of 64% of overall weight. Lakra et al.
(2010) added that the species richness of river fish with
hydrology attributes positively correlated to the depth of
water affecting DO concentration and pH to determine the
fish gathering.
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Table 7. The conditions of Mahakam River water quality around Tanjung Una, Sanga-sanga Subdistrict, Kutai Kartanegara District,
East Kalimantan, Indonesia
Parameter
Physic
Temperature (oC)
Turbidity (NTU)
Color (mg/L PtCo)
TSS (mg/L)
TDS (mg/L)
DHL, uS

1
29.1
38.3
62
38.8
71.3
72.1

Sampling point
2
29.2
37.1
58
18.75
70
62.3

3
30.2
38.7
53
37.5
81.25
77.1

Standard Quality *)
Kelas I
Kelas II
deviasi3
100
50
1000
-

deviasi3
180
50
1000
-

Chemical
6_9
pH
6.2
6.13
6.01
6_9
Dissolved Oxygen (DO, mg/L)
6.6
6.43
5.86
6
4
BOD5 (mg/L)
3.4
2.31
3.81
2
3
COD (mg/L)
32.5
24.14
36.74
10
25
30.1
39.42
39.42
50
50
Total of Water hardness (CaCO3, mg/L)
Ammonia
0.1
0.12
0.11
0.5
(NH3-N), mg/L
0.1
0.12
0.11
0.5
0.01
0.01
0.01
0.06
0.06
Nitrite (NO2-N), mg/L
Nitrate (NO3-N), mg/L
1.18
1.02
1.09
10
10
0.19
0.19
0.17
0.20
0.2
Phosphate (PO4-P), mg/L
Sulphate (SO4), mg/L
10.99
11.44
31.2
400
8.73
4.76
6.15
600
Chloride (Cl-), mg/L
Free Chlorine (Cl2), mg/L
<0.02
<0.02
<0.02
0.03
0.03
<0.001
<0.001
<0.001
0.002
0.002
Sulfide (H2S), mg/L
Ferrite (Fe), mg/L
0.29
0.28
0.27
0.3
Manganese (Mn), mg/L
0.032
0.071
0.043
0.1
Arsene (As), mg/L
<0.001
<0.001
<0.001
0.05
1
Cobalt (Co), mg/L
<0.03
<0.03
<0.03
0.2
0.2
Mercury (Hg), mg/L
<0.0005
<0.0005
<0.0005
0.001
0.002
Lead (Pb), mg/L
0.013
0.011
<0.01
0.03
0.03
Zinc (Zn), mg/L
0.005
0.027
0.003
0.05
0.05
Cadmium (Cd), mg/L
<0.001
<0.001
<0.001
0.01
0.01
Copper (Cu), mg/L
<0.01
<0.01
<0.01
0.02
0.02
Fluoride (F), mg/L
0.144
0.134
0.114
0.5
1.5
Boron (B), mg/L
<0.05
<0.05
<0.05
1
1
Barium (Ba), mg/L
<0.02
<0.02
<0.02
1
Cyanide (CN), mg/L
<0.01
<0.01
<0.01
0.02
0.02
<0.01
<0.01
<0.01
0.05
0.05
Hexa Chromium (Cr6+)
<0.01
<0.01
<0.01
0.05
0.05
(Cr6+), mg/L
Detergent (MBAS), mg/L
0.012
0.012
0.012
0.2
0.2
Oil and fat, mg/L
<0.1
<0.1
<0.1
1
1
Phenol, mg/L
<0.001
<0.001
<0.001
0.001
0.001
Microbiology
Total coliform, MPN/100
240
230
140
1000
5000
E. coli, MPN/100
90
40
40
100
1000
Note: 1 = Mahakam River, 2 = between Mahakam River and its tributaries, 3 = Mahakam River tributaries. * = Regional Regulation of
East Kalimantan Province No. 2, Year 2011

The results of biophysical observations on Mahakam
River in Tanjung Una which is decided to be Bekantan
tourism area in Sanga-sanga Subdistrict show the number
of marine fish species is two times higher than the number
of river fish species. The number of fish was identified as
many as 21 species and shrimp was four species and many
of them are economically valuable. Most of the river fish
species utilized by fishermen are Putihan fish. Akbar
(2014) classifies the river fish into group of Putihan fish
and Hitaman fish with the consideration of the size, and the
economical value. This shows the potential for excellent

fishing and therefore, the Mahakam River in around
Tanjung Una can be considered as the breeding place since
the caught fish are mostly small (baby fish and baby
shrimp), as the feeding area, as protected areas and also as
spawning areas for species of fish and shrimp both of river
and of marine. Factors causing disturbance of the river fish
life and causing damage to the ecosystems are the habitat
degradation and destruction of riparian (Cooke, 2012). In
Ghana, the threat of fish life is caused by low dissolved
oxygen with 0.7 mg/L which is as the effect of abundance
of organic materials ( Olalekan et al. 2015).
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Total of individuals per litre
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Sampling points and species
Figure 2. Total (ind./L) and the species of phytoplankton and zooplankton that are found in every sampling point (1, 2 and 3) in
Mahakam River, around Tanjung Una, Sanga-sanga Subdistrict, Kutai Kartanegara District, East Kalimantan, Indonesia

The depth of river (m)

The surface of river

Depth points
Figure 3. Base topography of Mahakam River, East Kalimantan, Indonesia. The left is closest to Tanjung Una with river width of 1.6
km; the right is in front of Tanjung Una with river width of 1.3 km

The depth of river (m)

The surface of river

Depth points
Figure 4. Base topography of Mahakam River, East Kalimantan, Indonesia. The left is the estuary of Sungai Payau (a tributary of the
Mahakam) with width of 0.28 km; the right is Sungai Payau with width of only 0.20 km
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Abstract. Parsa M, Mahmoudi Khoshdarehgi M, Nekuro A, Pouladi M. 2017. Population dynamics parameters of Silver Pomfret
Pampus argenteus in Iranian waters of the northern Persian Gulf and Oman Sea. Biodiversitas 18: 633-638. This research represents
population dynamics parameters of Pampus argenteus including age, growth and mortality parameters in Iranian waters of the northern
Persian Gulf and Oman Sea using length-frequency data. Fork length and total weight data collecting of P. argenteus were conducted
from April 2014 to March 2015. A total of 1919 specimen were collected ranging from 10 to 32 cm fork length and 35 to 1075 g total
weight. The mean length and weight were recorded to be 19.97±0.12 cm and 272.04±7.43 g, respectively. The relationship between fork
length and total weight was determined as W = 0.0231FL3.141 (R2=0.9932, n= 643) and indicated that P. argenteus grew allometrically in
the study region. The Von Bertalanffy growth function estimates were obtained as: L∞ = 32.55 cm, K = 0.3 year-1, t0=-0.54 years and
ϕ′= 2.5. The infinite weight of P. argenteus was estimated as 1301.77 g. The annual instantaneous rate of total mortality (Z) was 1.55
year-1, the natural mortality (M) was 0.75 year-1 and the fishing mortality (F) was 0.78 year-1. Furthermore, the exploitation rate (E) was
calculated as 0.51. Results of the obtained exploitation rate showed that P. argenteus was fully exploited in the study region.
Keywords: Growth, mortality, Oman Sea, Persian Gulf, Silver Pomfret

INTRODUCTION
Silver pomfret (Pampus argenteus Euphrasen, 1788),
belonging to family Stromateidae, is a high valued marine
fish inhabiting pelagic waters (Divya et al. 2014). This
species is an economically important fishery species which
is widely distributed in subtropical regions along the coast
of the Indo-West Pacific from the East China Sea to
Southeast Asia, Indian Ocean, Persian Gulf and the North
Sea (Froese and Pauly 2011; Sun et al. 2012). It is usually
found over muddy bottoms in depths between 5 to 80 m
and feeds on jellyfish and zooplankton (Carpenter et al.
1997). P. argenteus attains a maximum size of about 60 cm
(Fischer and Bianchi 1984). It is fished in the waters of the
Persian Gulf and Oman Sea by artisanal and local fishers
who use different fishing methods and gears such as
monofilament drift gillnets and trawls. P. argenteus is a
prime, valuable and shared fish stock in the northern
Persian Gulf between Kuwait and Iran. The fishery of P.
argenteus characteristically operates in shallow waters of 3
to 10 m on muddy-sandy bottoms (AL-Husaini 2006). This
species is a valuable species and has an important role in
the fisheries of Iran (Parsamanesh 2001).
Knowledge of growth and mortality parameters is
essential for understanding the population dynamics of
different species. Various methods such as length-frequency
based analyses, tagging and recapture experiments and
observations of the mark on the hard parts such as scales,
otoliths, spines, and vertebrates were often utilized to
ascertain the age and growth of fish (Stequert et al. 1996).

Studies on Pampus argenteus in Iranian waters of the
Persian Gulf and Oman Sea are principally focused on its
biology (Salari 1996), spawning season (Amrollahi et al.
2007), feeding (Dehghani et al. 2008), heavy metals
concentration (Mortazavi et al. 2013), distribution patterns
(Mohammadkhani and Shirangi 2013) and genetic diversity
(Bazrafshan et al. 2014). Since that there is scarce
information about the population dynamics characteristics
of P. argenteus in Iranian waters of the northern Persian
Gulf and Oman Sea, therefore, this research aimed to
investigate the length frequency structure, length-weight
relationship, growth parameters using the length frequencybased method, mortality parameters using the lengthconverted catch curve and the exploitation rate of P.
argenteus in Iranian waters of the northern Persian Gulf
and Oman Sea.
MATERIALS AND METHODS
Study area and sampling sites
This research was conducted from April 2014 to March
2015 in Iranian waters of the northern Persian Gulf and
Oman Sea. Using different fishing gears such as gill nets,
trawls and stake nets, monthly fork length data of P.
argenteus were collected from five major landing sites in
an area extending from west to east including Bandar
Lengeh (26° 31´N, 54° 51´E), Qheshm island (26° 41´N,
55° 41´E), Bandar Abbas (27° 11´N, 56° 15´E), Sirik (26°
20´N, 57° 05´E) and Jask (25° 39´N, 57° 47´E) (Figure 1).
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Figure 1. Map of study area along the Iranian waters of the northern Persian Gulf and Oman Sea showing the sampling sites of P.
argenteus

Procedures
Length frequency and length-weight relationship
Fork length (FL) of all specimens was measured to the
nearest 1 cm and total weight (TW) of 643 specimens was
measured to the nearest 1 g. The relationship between
length and weight was estimated using the equation TW=
aFLb (Jones 2002), where a is a coefficient related to body
form, and b is an exponent isometric growth when equal to
3. The parameters a and b were estimated by linear
regression on the transformed equation: log W = log a + b
log L (Koutrakis and Tsikliras 2003). The best regression
parameters (a and b) were obtained by minimizing the
residuals errors by the least square residuals method
(Haddon 2011). Student’s t-test was applied to verify
whether the declivity of regression (constant "b") presented
a significant difference of 3, indicating the type of growth:
isometric (b=3.0), positive allometric (b>3.0) or negative
allometric (b<3.0).
Growth parameters
Fork length frequency data was used to calculate the
von Bertalanffy growth rate (k) and the asymptotic length
(L∞) using the ELEFAN I menu from FiSAT software
(Pauly 1984; Gayanilo et al. 1994). The best value of
growth parameter (K) for the given value of L∞ was
identified by Shepherd’s method. The von Bertalanffy
growth function was fitted to the data using the following
formula (Sparre and Venema 1998):

Lt = L∞ (1 - exp (- K (t - t0)))
Where Lt is the length at age t, L∞ is the asymptotic
length and t0 represents the theoretical age at length zero.
The growth performance index (ϕ′) was calculated using
the following formulae (Pauly and Munro 1984):
ϕ′= log K+2 log L∞
The t0 parameter calculated using the proposed
empirical equation (Pauly 1983)
Log10 (-t0) = -0.392-0.275Log10L∞-1.038K
The following formulae were used to determine the
age-weight relationship and w∞ (Haddon 2011):

Where w∞ is the calculated infinite weight and b is the
regression coefficient derived from length-weight
relationship equation. Data analysis was done by Microsoft
Excel, FiSAT Program, and SPSS 19 software.
Mortality parameters and Exploitation rate (E)
The length-converted catch curve was utilized for the
calculation of the instantaneous annual mortality rate (Z)

PARSA et al. – Population dynamics of Pampus argenteus

(Pauly 1983). The natural mortality (M) was calculated by
Pauly’s empirical equation:
logM = 0.1228 – 0.192 log L∞+ 0.7485 log k +
0.2391 log T
Where: T = the mean annual temperature (in °C), which
is assumed to reflect the sea surface temperature in the
survey area (Pauly 1984). In this study, the mean annual
temperature of sea surface was considered as 27 °C
(Ebrahimi, 2006).
Fishing mortality calculated by subtracting the natural
mortality from the instantaneous annual mortality (F = Z –
M) (Appeldoom 1984). The exploitation rate (E) was
calculated using the following formulae (Gulland 1985):
E=F/Z
RESULTS AND DISCUSSION
This study has investigated the population dynamics
parameters of P. argenteus as one of the most important
fish species in the Iranian waters of the northern Persian
Gulf and Oman Sea. The length-frequency based analysis
is used widespread, particularly in the tropical and
subtropical regions. This method becomes important when
other aging methods are either not possible or very
expensive (Wang and Ellis 2005). According to Zhu et al.
(2011), the study of growth using length-frequency data
analysis has long been the most frequently used method.
Gulland and Rosenberg (1992) noted that a sample of
50-150 fish/ month and an annual sample of 1000-1500
fish provide the most reliable image on the biological
condition of a specific species. In order to have a most
reliable understanding on the population dynamics
parameters of P. argenteus, sampling was done in five
landing sites and covered 12 months (160 fish/ month).
Figure 2 shows the fork length frequency distribution of
P. argenteus in the study area and the biometric data
including sample size, minimum, maximum and mean
length and weight are presented in Table 1. Fork length of
1919 specimens was ranged between 10 to 32 cm and the
total weight was ranged between 35 to 1075 g. The mean
fork length and total weight were obtained as 19.97±0.12
cm and 272.04±7.43 g, respectively.
The fork length frequency distribution of P. argenteus
showed that the minority of catch was in 30 to 32 cm
length class (0.46%), and the majority of catch ranged
between 22 to 24 cm length class (about 17%).
The length range and maximum weight of P. argenteus
from Khuzestan Province (northwest the Persian Gulf)
have been calculated previously as 95 to 312 mm and 1191
g, respectively (Amrollahi et al. 2011), that is in agreement
with our findings. Mohammadkhani and Shirangi (2013)
reported the length frequency range of P. argenteus as 1535 cm fork length.
Length-weight relationship estimates are very helpful in
fishery management and stock assessment models (Barría
et al. 2014), and has been widely used in the environmental
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monitoring programs such as calculation of fish weight at a
certain length, conversion of an equation of growth in
weight (Yoon et al. 2013; Oliveira et al. 2014). The
relationship between fork length and total weight of P.
argenteus is given in Figure 3. The relationship between
fork length and total weight was determined to be W =
0.0231FL3.141 (R2=0.9932, n= 643). The b value for many
fish species was found between 2.5 and 4 and a value close
to 3 indicates that the fish grows isometrically (Biswass
1993). Based on obtained b=3.141 (b>3), we determined a
positive allometry growth model for P. argenteus (P<0.05).
Mohammadkhani and Shirangi (2013) reported the
length-weight relationship of P. argenteus as W =
0.0091FL3.3641 (R2= 0.9415) in Oman Sea, indicating a
perfect allometric growth pattern that is agreement with the
results of our research. Various factors such as sexual
dimorphism (Artigues et al. 2003), period of year and stage
of maturity (Weatherley and Gill 1987), water quality or
food availability on fish growth (Mommsen 1998) and
sampling procedure (sample size and length range)
(Ecoutin and Abaret 2003) can affect b values and Lengthweight relationships of fish species.
The growth curve for P. argenteus is shown in Figure
4. Using ELEFAN I method in FiSAT software, the Von
Bertalanffy growth parameters were calculated as L∞ =
32.55 cm, t0 = -0.54 year, ϕ′= 2.5. The k value was 0.3 year-1.
Growth comparison of fish based on K or L∞ parameters is
misleading (Pauly 1984), and some authors (Pauly and
Munro 1984) have proposed overall growth performances
(ϕ′) based on the two parameters L∞ and K, because these
are correlated and produced by growth rates that are
constantly changing with time and size. Figure 5 shows the
relationship between age and weight of P. argenteus in the
study area. The infinite weight of P. argenteus was
estimated as 1301.77 g.
The L∞ estimated in present research for P. argenteus
is higher than the estimates given by some previous
research (Dwiponggo et al. 1986; Mustafa 1993), lower
than other research (Parsamanash et al. 2003; Salari 1996;
Mohamed 2008; Lee et al. 1992), but completely similar to
findings of Morgan (1985) in Waters of Kuwait (L∞=32.5
cm). Amrollahi et al. (2011) estimated the L∞ of P.
argenteus as 33.9 cm during one year in the northern
Persian Gulf that is relatively comparable with the obtained
L∞ in the present study.
Differences in the growth parameters estimated in other
researchers are due to the data used for different analytical
methods were obtained by different fishing methods such
as gill nets, hooks and lines, purse seines and trawls (Pillai
et al. 2002). Taghavi Motlagh et al. (2010) stated that
different values of L∞ and k might be associated with
sampling error, variation in fishing intensity or
environmental conditions. Moreover, slight differences in
growth patterns can be the results of differences in genetic
structure, differences in temperature, density of food and
diseases (Wootton 1998). Age frequency distribution of P.
argenteus is shown in Figure 6. Age composition was
included of 10 age groups (from year 1 to 10) and mean
age was 2.97±0.03. Age 3 was the largest age group and
constituted 24.67% of the total sampled specimen.
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Table 1. Biometric data of P. argenteus in the study area
Biometric
parameter

Number Min.

Max.

Mean±S.E

Fork length (cm) 1919

10

32

19.97±0.12

Total weight(g)

35

1075

272.04±7.43

643

Figure 5. Relationship between age and weight of P. argenteus in
study area

Figure 2. Fork length frequency distribution of P. argenteus in
study area

Figure 6. Age frequency distribution of P. argenteus in study area

Figure 3. Length-weight relationship of P. argenteus in study
area

Figure 7. Length-converted catch curve of P. argenteus in study
area

Figure 4. Growth curve of P. argenteus in study area

Figure 8. Trends in catch amount of P. argenteus in study area,
northern Persian Gulf and Oman Sea
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The length-converted catch curve of P. argenteus is
shown in Figure 7. The estimated rates of total mortality
(Z) and natural mortality rate (M) were 1.55 year-1 and 0.75
year-1, respectively. The fishing mortality (F) was 0.78
year-1. The exploitation rate (E) was calculated as 0.51. The
exploitation rate for the population of P. argenteus
(E=0.51) in the present study was high. It is stated that in
an optimally exploited stock, fishing mortality should be
equal to natural mortality, resulting in an exploitation rate
of 0.50 (Guland 1985). Moreover, it is declared that the
fishing rate satisfying optimal E level of 0.5 tended to
reduce fish stock abundance and E should be maintained at
0.4 for optimal exploitation of those stocks (Patterson
1992).
It is declared that P. argenteus is one of the most
important commercial species account for a very small
proportion of the total catch in the Persian Gulf and Oman
Sea (Valinassab et al. 2006). The decrease of P. argenteus
catch amount due to overexploitation suggest that fishing
was affecting community structure of this valuable species
(Figure 8). The calculated exploitation rate suggests that
the population of P. argenteus in Iranian waters of the
northern Persian Gulf and Oman Sea is being overexploited
and overfished at a higher level than the optimum and a
better management policy is necessary for this area.
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Abstract. Hasanbarani M, Sharifnia F, Nejadsattari T, Assadi M. 2017. Short Communication: Description and molecular diagnosis of
a new species of Delphinium (Ranunculaceae) from Northeast Iran. Biodiversitas 18: 639-644. Delphinium khorasanicum Sharifnia &
Hasanbarani sp. nov., a species distributed in NE Iran, is described and provided with a molecular diagnosis. It is morphologically
related to D. turkmenum Lipsky. The most important morphological differences between the new species and D. turkmenum are mainly
in the shape of spur, plant length and epidermal patterns. This species is compared with close taxa (they are close and relative in point of
view morphologically, geographically and molecular characters). Illustration and distribution map are also presented.
Keywords: Delphinium, Iran, molecular study, new species

INTRODUCTION
Delphinium L. (Larkspur) belongs to the tribe
Delphinieae and Ranunculaceae family, has ca. 370
species, it is distributed in the North temperate regions of
the world (Agnihotri et al. 2014). Munz (1967) documented
244 species from Asia. Delphinium species are perennial,
biennial or annual herbs. Leaves alternate, palmately
divided. Perianth biserial, outer petaloid(sepals) and inner
petaloid(petals). Flowers zygomorphic, borne in racemes.
Sepals 5, the posterior sepal spurred. Petals 4, in 2
dissimilar pairs, the upper pair produced into nectariferous
spur contained within the sepal spur. Stamins numerous.
Follicles 3(-5). (Davis, 1965).
In the Flora Iranica, 53 species of Delphinium in three
subgenera (Delphiniasrtum (DC.) Peterm, Oligophyllon
Dimitrova and Delphinium) are mentioned (Iranshahr
1992). Differences between these subgenera area in seed
form and habit. 29 species of Delphinium and 2 subgenera
have been found in Iran. A difficult genus, many of taxa
being connected by intermediates (Davis 1965). Several
studies have been done on the Delphinium genus in the
world such as palynological, morphological, molecular
phylogeny and biosystematic (Ilarslan et al. 1997; Bursali
and Dogan 2005; Jabbour and Renner 2012; Sharifnia et al.
2013).
In this survey, while revising the taxonomy of the genus
Delphinium in Iran using the Flora of USSR (Neveskii
1937) and Flora Iranica (Iranshahr 1992), and based on the
observation of herbarium specimens collected from west of
Khorassan Province, we describe the new species
Delphinium khorasanicum. Khorasan province is located in
NE Iran an area of 13.335 km2. It is the largest province of

the country, includes on the fifth of country area. The new
specimens were compared with its closest relative (D.
turkmenum, D. aquilegifolium and D. griseum) based on
morphological, tepal epidermal pattern; the patterns of
epidermis tepal in angiosperm have important
characteristics in identifying species were close together
(Christensen and Hansen, 1998) and molecular characters.
The sequence of Delphinium khorasanicum after the Blast
in GenBank was to closest to Delphinium griseum but it is
distributed in Afghanistan, we used sequence of this
species for comparison bases. Delphinium turkmenum and
Delphinium
aquilegifolium
morphologically
and
geographically close to Delphinium khorasanicum.
MATERIALS AND METHODS
The study has been done using herbarium specimens of
TARI and newly collected specimens (Table 1).
Delphinium griseum Gilli description was taken from Flora
Iranica; the sequence of new species was close to
Delphinium griseum using BLAST in GenBank
(https://www.ncbi.nlm.nih.gov/Blast.cgi).
Images
of
herbarium specimens were searched in the herbarium sites
of the world such as Kew (Royal Botanical Garden Kew,
http://www.kew.org/), Edinburgh (Royal Botanical Garden
Edinburgh, http://www.rbge.org.uk), Missouri (Missouri
Botanical Garden, http://www.tropicos.org), Geneva
(Conservatoire et Jardin botaniques de la Ville de Genève,
http://www.ville-ge.ch/musinfo/bd/cjb/chg/index.php?lang=en)
and Wien (University of Vienna,
http://herbarium.univie.ac.at/database/search.php). For
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micromorphological study, outer tepals (lateral sepals)
were stabled on the aluminum Stub and were covered by
golden coat after freezing. Samples were observed via
SEM (EM 3200). Terminology for tepal epidermal pattern
is according Christensen and Hansan (1998). Total DNA
was extracted from leaves using the MBST kit (Shayan et
al. 2007). Amplification and cycle sequencing of trnL-F
used primers c and f (Taberlet et al. 1991). After
sequencing, sequences were checked and edited with
Sequencher 4.1.4 software (Gene Codes Corporation, Ann
Arbor, Michigan. U.S.A.). The trnL-F sequence of D.
griseum was downloaded from GenBank (Table.1).

RESULTS AND DISCUSSION
Taxonomic treatment
Delphinium khorasanicum Sharifnia & Hasanbarani
sp.nova (Figure 1).
Holotypus: Iran. Khorassan, NW of Neyshabur, Bar
Fall, 2004 m, Sharifnia and Hasanbarani, 16155 TARI,
Isotypous IAUNT.
Collection date: 30/5/2016

Table 1. Localities of Delphinium specimen (specimens included
in the morphological, tepal epidermal patterns and molecular
study indicated by an asterisk⃰ and other specimens for more
study) + GenBank accession number.
Species

Locality

Delphinium
khorasanicum
Sharifnia and
Hassanbarani
(tree flowers were
observed for
describe the new
species)

Khorassan: North west of Neyshabur, Bar
fall, 2004 m, Sharifnia and Hassanbarani
16155 IAUNT.⃰
collection date: 30/5/2016
Khorassan Province, Neyshabur,Garmab
mountain,
1900m,
Sharifnia
and
Hasanbarani 17001 IAUNT,
Same area, 1800 m, Sharifnia and
Hasanbarani 17002 IAUNT. collection
date: 3/6/2016
GenBank accession: LC194958.1

Delphinium
turkmenum Lipsky

Semnan: Turan protected area, 22 km from
Ghazaran to Miandasht, 1240 m, Feritag
and Jadidi 28987 TARI. collection date:
11/5/1987
Khorassan: Northwest of Neyshabur, Bar
fall, 2004 m, Sharifnia and Hassanbarani,
16159- IAUNT.⃰ collection date: 30/5/2016
GenBank accession: KY425588

Delphinium
aquilegifolium
(Boiss.) Bornm.

Hamadan: Kabudar- Ahang, Ghohrod,
Sarayjogh, khuh-e Siah, 2000-2240m,
Mozaffarian 64628-TARI.⃰ Collection date:
8/6/1988
GenBank accession: KY425589
Mazandaran: Lar vally, 2450-2550m,
Wendelbo and Assadi 13264-TARI.
collection date: 2/7/1974
Tehran:10 km from Karaj, On Chalus
road, 1750m Babakhanlu and Amin
20004-TARI. collection date: 23/5/1973

Delphinium
griseum Gilli

Afghanistan: Kabul.
Voucher of the specimen: Volk 1873, kept
at Munich Herbarium (M)
GenBank accession: JN573556.1

Note: IAUNT= herbarium code of Islamic Azad University,
Tehran North Branch

Figure 1. Delphinium khorasanicum. a: raceme, b: flower (×1), c:
upper petal (×2), d: lower petal (×2), e: upper sepal (× 1.2), f:
lateral sepals (×1), g: lower sepals (×1), h: radical leaves (×2), i:
stem leaves (×2)
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Figure 2. Spur shape in Delphinium. A. D. khorasanicum and B. D. turkmenum

Description
Perennial, up to 100 cm high. Stem sulcate, villous
puberulent below, spreading pillose pubescent above.
Leaves long petiolated (petiole up to c. 15 cm long)
palmatisect, segment lobe into cuneate division, segments
to c. 20mm in diameter; cauline leaves palmatisect;
segments lanceolate, up to 10mm long. Raceme lax,
paniculate. Bracts linear lanceolate, 2-4 mm long. Pedicel
up to 6mm long. Bracteoles born near the flower, 1-2 mm
long, lanceolate. Flowers dark blue, 30-40 mm long, spur
21 mm, horizontal and papillate at apex; Sepals elliptic,
lower petals 10 ×5 mm long, deeply bifid, densely barbate,
white-blue; upper petal labia, c. 18-20mm long, yellow.
Anther dark violet, numerous. Gynoecium three carpels.
Additional specimens
Khorassan Province, Neyshabur, Garmab mountain,
1900m, Sharifnia and Hasanbarani 17001 IAUNT,
Same area, 1800m, Sharifnia and Hasanbarani 17002
IAUNT.
Collection date: 3/6/2016

Morphological and outer tepal epidermal patterns
study
Delphinium khorasanicum is related to D. turkmenum,
both of them are distributed in NE of Iran. The two species
are similar in terms of morphological. One of the few
characters that distinguish D. turkmenum from D.
khorasanicum is the shape of spur which suddenly
narrowed at the base in the new species (Figure 2). Some
diagnostic differences between D. khorasanicum, D.
turkmenum, D. griseum (distributed in east of Afghanistan)
and D. aquilegifolium that their sequences using BLAST
were close to D. khorasanicum listed in Table 2. Outer
Tepal (lateral sepal) epidermal patterns in D. khorasanicum
is rugose, in D. turkmenum striate and in D. aquilegifolium
is papillose that is clear in SEM image (Figure 3). Barthlott
(1981, 1990) in a general review of epidermal characters of
plants, confirmed the systematic significance of epidermal
characters. The distribution of these species is presented on
Figure 4.
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Molecular study
Molecular comparison results using BLAST in NCBI
showed that D. griseum and D. aquilegifolium are the
closest to D. khorasanicum. Delphinium griseum is
distributed in the east of Afghanistan (Iranshahr 1992),
Holotypus of this species was observed from Wien
Herbarium and its description was compared with D.
khorasanicum and other relatives which showed

morphological differences (Table 2). Comparison of
different bases in chloroplast DNA sequences of these
species are presented (Table 3). trnL-F sequence of the new
species differs from other species by eight bases. These
sequences that we use to compare with D. khorasanicum
were selected of a phylogenetic study including many
species of Persian Delphinium (data unpublished).

Table 2. Morphological and micromorphological characters used to distinguish D. khorasanicum from its relatives.
Species
Characters

D. aquilegifolium
(three samples)
30-60
Cylindrical
2-3
Obtuse
Papillose

Plant length (cm)
Spur tips
Spur width (mm)
Leaf apex
Epidermal pattern

D. griseum

D. khorasanicum
(three sample)
90-100
With long papilla
4-5
Obtuse
Rugose

25-70
Cylindrical
2-3
Acute
-

D. turkmenum
(two samples)
25-70
Cylindrical
2-3
Acute
Striate

Table 3. Comparison of different bases in chloroplast DNA sequences (trnL-F) between D. khorasanicum, D. turkmenum, D. griseum
and D. aquilegifolium. Each column represents position of bases

D. khorasanicum
D. turkmenum
D. aquilegifolium
D. griseum

0
2
6

0
2
7

0
7
3

0
7
5

0
7
7

0
8
5

1
4
6

2
5
7

5
7
0

8
3
6

8
3
8

8
3
9

9
6
1

9
8
2

C
A
C
A

A
C
A
C

T
G
T
G

G
A
G
A

A
T
A
T

A
A
T
A

T
G
G
G

A
A
C
A

T
T
A
A

A
A
G
A

G
G
C
G

G
G
T
G

G
A
G
G

A
G
G
G

Figure 4. Distribution map of some Delphinium species from Northeast Iran, i.e., D. turkmenum
and D. aquilegifolium▲

, D. khorasanicum ■, D. griseum □,
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A

B

C

D

E
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Figure 3. SEM micrographs of outer tepal epidermal patterns (lateral sepal). A-B. Outer tepal epidermal pattern in D. khorasanicum,
C-D. Outer tepal epidermal patterns in D. turkmenum, E-F. Outer tepal epidermal patterns in D. aquilegifolium

In conclusion, according to morphological, epidermal
patterns and molecular studies, Delphinium khorasanicum
is a new species. In Delphinium, spur shape is one of the
most important taxonomic character for identification
(attenuate, cylindrical, obtuse, acute, etc.) that it could be a
genetic characteristic, the spur of new taxa has clearly long

papilla and differ from other Delphinium spp. in Iran
plateau. Scanning Electron Microscope image of tepal in D.
turkmenum and D. khorasanicum showed although the
outer tepals (lateral sepal) of both species are hairy but
epidermal patterns is striate and rugose respectively. Outer
tepals (sepals) are in D. khorasanicum without glandular
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pubescence but in D. turkmenum with glandular
pubescence that is clear in SEM images (Figure 3).
Differences between bases in trnL-F sequence with at least
eight bases showed that D. khorasanicum is away from the
close relative. Delphinium khorasanicum is a perennial
plant with considering position of D. griseum, D.
turkmenum and D. aquilegifolium in Flora Iranica, the
sequence BLAST in GenBank and according to phylogeny
study on Delphinieae species (Jabbour and Renner 2012)
we concluded that D. khorasanicum is placed in
Oligophyllon subgenus.
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Abstract. Widodo, Luthfi MJ. 2017. Short Communication: Characteristic of Anodendron paniculatum (Apocynaceae) in Mount
Nglanggeran, Yogyakarta, Indonesia. Biodiversitas 18: 645-651. Anodendron paniculatum was found in climbing route of Mount
Nglanggeran, Yogyakarta at coordinates location of 7°50'29.6" S and 110°32'19.5" E, at an altitude of 480 masl. The identification of A.
paniculatum was conducted based on Museum Nasional d'Histoire Naturelle (MNHN), Paris, France with collection number of
herbarium of P00256390. Information about A. paniculatum in Indonesia was very rare, even almost non-existent. This study aimed to
describe the morphological characteristics of A. paniculatum included the morphology of flower, flower bud, leaf and stem. The study
was conducted through periodically visiting at the research location. The observation was conducted to flowering period, the structure of
flower and fruit and other supporting data. The specimen of samples were collected for herbarium collection and observation in the
laboratory. The observation in the laboratory was conducted on morphological characteristics of habitus, stem, leaf and flower. The data
were compared with literature and existing herbarium collections. The results of the study showed that the specimen of A. paniculatum
is a liana, inflorescence in leaf axil and the end of branching, the size of panicle is about 15 cm, consisted of small yellowish tubular
flowers with each flower has a length of 1.3 cm.
Keywords: Anodendron paniculatum, Apocynaceae, characteristic, Mount Nglanggeran

INTRODUCTION
In exploration and observation of wild plants in Mount
Nglanggeran on October 16, 2009, we found woody lianas
in a climbing route at coordinates location of 7° 50'29,6 "S
and 110° 32'19,5 " E, at an altitude of 480 m asl. The plants
were difficult to identify due to the lack of flower and fruit.
On subsequent observation, we found flowering buds in
December 2013. The identification is done and it is known
that the plant species is Anodendron paniculatum A. DC.
Anodendron belongs to the subfamily Apocynoideae,
family Apocynaceae (Takhtajan 2009). Anodendron genus
consists of 17 species (Middleton 2007). It is naturally
distributed from India, Japan, South China, to Vanuatu.
Backer and Bakhuizen v.d. Brink (1965) state that there are
three types of Anodendron in Java, namely Anodendron
coriaceum (Bl.) Miq., A. paniculatum DC, and A.
tenuiflorum Miq. According to Flora of China Editorial
Committee (1995), Anodendron consists of 16 species
covering a large area of India, Malaysia, Sri Lanka, and
Vietnam. In China, there are five species of Anodendron
namely Anodendron benthamianum, A. howii, A.
punctatum, A. affine, and A. formicinum.
A. paniculatum in Mount Nglanggeran is a woody liana.
The plant population was very limited. We found this plant
in only one location. This species does not have a local
name, so there is no local knowledge regarding its potential

(Widodo 2015). In Andhra Pradesh, India, A. paniculatum
included in the list of medicinal plants with the
International Union for Conservation of Nature (IUCN)
status as endangered or threatened species (Ved et al.
2002).
The aim of the research was to describe morphological
characters of A. paniculatum found on Mount Nglanggeran,
Gunungkidul, Yogyakarta. The existence of the species A.
paniculatum in Mount Nglanggeran needs to be
disseminated to present the richness of flora on the island
of Java. Currently, the knowledge about the diversity of
flora on Java island, especially wild plants is less known.
MATERIALS AND METHODS
Study area
The research was conducted on the main climbing route
of Mount Nglanggeran which is an ecotourism area in
Gunungkidul, Yogyakarta, Indonesia (Figure 1) from
August 2009 to March 2016. The plant identification
method is performed according to Singh (2010). The plant
was observed in situ periodically to accomplish the
inflorescence, flowers, fruit, stem, root, and other
supporting data. Photographic documentation was done as
the first step of the identification process. Samples for
herbaria were taken as minimal as possible and were done
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carefully to maintain the population sustainability.
Identification were carried on based on literature and
voucher herbaria available.
Tools and materials
Equipment used for observation and data collection
consists of digital cameras Sony NEX F3, Sony Cyber-Shot
DSCW180, Canon DSLR, rulers, micrometers, calipers,
roll-meters, transparent plastic bags, scissors, cutter, paper
label, Global Positioning system (GPS), dried herbarium
equipment, small bottles, stereo microscope Nikon SMZ
1500 equipped with camera, and Nikon light microscope
equipped with a Nikon Eclipse 50 DSF1. Herbarium
processing was done as determined by Simpson (2006) and
Singh (2010). Herbarium specimens are stored at the State
Islamic University Sunan Kalijaga, Yogyakarta (Herbarium
Baturagung, BAW451I12A2, and BAW401I13A).
Methods
The steps of the research consisted of observation and
photographing all part of A. paniculatum in-situ, making
dried herbarium collection, photographing dried herbarium,
and describe the structure of plant morphology in detail.
The morphological data subsequently matched and
identified using guidance by Backer and Bakhuizen v.d.
Brink (1965), Trimen (1895), Flora of China (1995),
Midleton (2007), PROSEA (2016), and India Biodiversity
Portal (2016 ). Data from the dried herbarium were
matched with the herbarium of the Museum National
d'Histoire Naturelle, Paris, France (MNHN 2016), Virtual
herbaria Austria (2016), and the Royal Botanic Gardens
Kew (RBGK) (2016).

RESULTS AND DISCUSSION
The existence of A. paniculatum were known during
exploration of wild plants in Mount Nglanggeran,
Gunungkidul, Yogyakarta from August 2009 to March
2016. The most prominent character of the plant is its
woody lianas habitus. Other characteristics are grayish bark
surface, clear lenticels, single elliptical/oblong leaf, 10-20
cm long, 3-6 cm wide, tapered tip, base rounded, dark
green, smooth upper surface, lower surface pale green,
pinnate leaf veins and opposite leaf arrangement. At the
beginning of the exploration, we had not found the flowers
and fruit. Flower was found during December 27, 2011
until December 22, 2012 visitation. On February 11, 2012,
we found a flower in dry condition, making it difficult to
described. On January 13, 2013, flower found in full bloom
and then we collect for further identification. Identification
is done by using the book Flora of Java, Volume 2 (Backer
and Bakhuizen v.d. Brink 1965) and it can be concluded
that this plant species is Anodendron. Figure 2 shows a
specimen of Anodendron from Mount Nglanggeran,
GunungKidul. Description of Anodendron characters by
Backer and Bakhuizen v.d. Brink (1965), Trimen (1895)
and Flora of China (1995) are presented in Table 1.
Based on detailed observations on characteristics of the
leaves and flowers, it is known that the Anodendron
specimen collected was Anodendron paniculatum. Table 2
shows a comparison of the A. paniculatum description
according to Backer and Bakhuizen v.d. Brink (1965) with
specimen from Mount Nglanggeran. The table also shows
the description of the characteristics A. paniculatum from
other sources.

Mount Nglanggeran

Figure 1. Location of Anodendron paniculatum. (A) of Yogyakarta Province of Indonesia, (B) the western side of Mount Nglanggeran,
Gunungkidul.
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The main character of A. paniculatum of Mount
Nglanggeran are as follow: Large woody climbers,
glabrous liana, latex watery. Leaves: petiole 1-1,5 cm long,
oblong or obovate, 10-20 by 3-6 cm, apex acuminate, base
cunetae to rounded, 8-20 pairs of secondary veins, usually
slight prominent beneath, glabrous above and beneath.
Inflorescence terminal, forming panicle, glabrous, 10-15
cm long, pedicels thins ± 8 mm long. Sepals ovate, 0,8-1 ½
mm long, apex rounded to acute, glabrous. Corolla
greenish yellow; tube 3-5 mm long, lobes trap-shaped,

A

H

falcate, 6-9 mm long, glabrous outside, pubescens inside of
lobes and tube. Flowering December-January.
Based on these data and descriptions in Table 1 it can
be seen that the characteristics of the leaves of the
Anodendron are more in line with the description of
Middleton (2007), but the characters of the flower stalk are
more similar to Backer and Bakhuizen v.d. Brink (1965).
Matching of Anodendron herbarium of Mount Nglanggeran
with type herbarium of the Museum National d'Histoire
Naturelle, Paris collection number P00256390 (MNHN
2016) is shown in Figure 2.

B

E

C

F

I
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D

G

J

Figure 2. Anodendron paniculatum collected from Mount Nglanggeran, Yogyakarta. (A) A. paniculatum habitus, (B) rods, (CD) twigs
and leaves, (EF) inflorescence branches, (G) inflorescence paniculate cyme form, (H) flower buds, (I) flowers in bloom, and (J)
longitudinal section of the flower.
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A

B

C

D

Figure 3. Comparison between Anodendron herbarium of Mount Nglanggeran with herbarium type A. paniculatum. (A-B) A.
paniculatum Herbarium of Mount Nglanggeran (BAW451I12A2, BAW401I13A1); (C-D) Anodendron paniculatum A. DC. MNHN
type (P00256390, P00492328).

A

D

B

E

C

F

Figure 4. (A-C) Description A. paniculatum Collected from Mount Nglanggeran, Yogyakarta, (D-F) description A. paniculatum
according to Efloraofindia (2007), A = the leafy twigs, B = inflorescence, C = flower, D = leafy twigs, E = inflorescence, F = flower

From the identification using herbarium type, it is
known that the flower part of herbarium is still in the phase
of buds, so it is difficult to know the size of the flower
parts. Identification based on images (visual data) of these
resources (websites) is done for comparison (re-check).
Sources of these include coldb.mnhn.fr, www.kew.org and
herbarium.univie.ac.at. Figure 3 shows a comparison of A.
paniculatum according to Efloraofindia (2007) with A.
paniculatum from Mount Nglanggeran.
Based on the comparison of morphological descriptions
of the specimen collected with a description of the

literature, herbarium type, and photos from various
references, it can be concluded that the specimen collection
was Anodendron paniculatum. Anodendron paniculatum
from Mount Nglanggeran, Yogyakarta has characters of
longer flower stalk (pedicel), tubular corolla and corolla
lobes are longer than that of literature (Table 1) as well as
with reference herbarium. Habitus A. paniculatum of
Mount Nglanggeran showed a more rigid leaf and glossy as
well as more sub-veins of leaves. It is suggested that the
difference of these characters are referred to subspecies.
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Table 1. Description of Anodendron on the literacy
Sources

Description

Backer and
Bakhuizen v.d. Brink
(1965)

Flowers terminal or axillary in panicled cymes, small, 5 merous; calyx on the inside with or without basal
glands, deeply divided; segments ovate-oblong; corolla salver-shaped; tube cylindric, slightly widened at the
insertion of the stamens; throat constricted, hairy; faucal scales none; segments contorted in bud, overlapping to
the right; stamens inserted below the middle of tube; filaments short; anther in the middle adhering to the
stigma, sagittate; cells with as empty tail; disc annular-cupular, truncate or lobed; ovaries 2, free, in the lower
halves or entirely enclosed by the disc, glabrous, ∞ ovuled; style short, glabrous; stigma thick, shortly collared;
follicle spreading, tapering from the base, hard; seeds compressed, ovoid-oblong, beaked, with a long coma on
the top of the beak, glabrous. Leaves opposite, penninerved. Liana.

Trimen (1895)

Woody twiners, 1. opp., subcoriaceous, fl. very small, in copious axillary and terminal paniculate cymes; cal.segm. 5, very small; cor.-tube short, cylindrical, lobes 5, very narrow, strongly overlapping to right ; stam. 5,
inserted near base of cor.-tube, anth. connivent, adherent to stigma; disk cupular, lobed; carp, distinct, ovules
few, style very short, stigma thick, pointed; follicles stout, tapering, woody; seeds few, oval, compressed,
strongly beaked, coma long.

Flora of China (1995)

Lianas with white latex. Leaves opposite, lateral veins usually wrinkled above. Cymes paniculate, terminal or
axillary. Flowers small. Calyx deeply divided, with basal glands inside. Corolla salverform; tube cylindric,
slightly dilated at staminal insertion, throat constricted, faucal scales absent; lobes overlapping and twisted to
right. Stamens included, inserted just below middle of corolla tube; filaments short; anthers sagittate,
connivent, adherent to pistil head, cells spurred at base; disc ringlike or cup-shaped, apex truncate or shortly 5lobed. Ovaries 2, distinct, slightly higher than disc; ovules numerous in each ovary. Style short; pistil head
thick, base with a ringlike membrane. Follicles divaricate, thick, narrowly ovoid, apex acuminate. Seeds
compressed, ovate or oblong; beak with a long apical coma.

Middleton (2007)

Climbers or scramblers; producing white latex. Branches lenticellate or not; branchlets glabrous or, rarely,
pubescens. Leaves opposite, those of a pair equal; petiolate, coriaceous to papery, entire. Inflorescence of
axillary and/or terminal cymes, often forming panicles; flowers 5-merous, actinomorphic. Sepal lobes free;
colleters at sepal margins of the base inside. Corolla lobes dextrorse; consisting of a narrow cylindrical tube
which widens slightly at the point of stamen insertion int the upper tube and than with spreading lobes; lobes
usually narrowly oblong or narrowly elliptic, rarely ovate, falcate. Stamen included in the corolla tube, attached
to a ring to the style head; anthers sub sessile (except in the non-Malesian A. benthamianum), fertile in the
upper half only, the lower half sterile, laterally with lignified guide rails and sagittate appendages at the base.
Disk annular, 5 dentate or 5-crenate. Gynoecium 2-carpellate, apocarpous but apically united into a common
style, superior, ovoid, glabrous; ovules numerous; style glabrous, short; style head ovoid with basal ring and no
collar and short sharp projection on top. Fruit of paired follicles; divergent or sub divergent; wide at base,
narrowing to end; longitudinally dehiscent. Seed beaked, grain narrow ovate or elliptic, flattened; glabrous;
coma pointing towards the end of fruit.

During the observation from 2010 to August 2016 in
Mount Nglanggeran, we found only A. paniculatum on the
location coordinates 7°50'29,6 "latitude and 110°32'19.5"
BT. At the location of observation, spreading and growth
of these species take place with the formation of
adventitious roots on the stems that touch the ground. The
spread of these species is very limited in the vicinity of the
observation form branches that are still associated with the
parent.
According to Foster (1993), Anodendron paniculatum is
a synonym of Anodendron oblongifolium. Meanwhile, The
Plant List (2013) explained that Anodendron paniculatum
synonymous with Anodendron lanceolatum King &
Gamble, Anodendron manubriatum Merr., Anodendron
moluccanum Miq., Anodendron rhinosporum Thwaites,
Anodendron sutepense Kerr, and Anodendron tenuiflorum
(Miq.) Miq. Anodendron paniculatum synonymous with

Anodendron rhinosporum among others, indicated by
herbarium isotype W-Rchb. 1889-0128335 (Virtual
herbaria Austria, 2016) collection of Thwaites (1860) from
Sri Lanka, further re-identified by Middleton.
Anodendron rhinosporum are critically endangered
(World Conservation Monitoring Centre 2016). Meyer
(2007) states that A. paniculatum is a new invasive plant in
Tahiti. Anodendron paniculatum introduced from Sri
Lanka to Tahiti in 1934. Contradictory information shows
problems that may come from misidentification of species
Anodendron
rhinosporum,
typifying
Anodendron
paniculatum, IUCN evaluation, or at least study A.
paniculatum.
Based on the observations and comparison with
descriptions in literature and herbarium reference,
characters of Anodendron paniculatum of Mount
Nglanggeran summarized as follows: Large woody
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Table 2. Description of Anodendron paniculatum on the literacy
Sources

Description

Backer and Bakhuizen
v.d. Brink (1965)

Leaves shortly and obtusely acuminate, from a rounded top, narrowly oblong-lanceolate-obovate, 10-25 cm
by 3-9 cm; nerves on either side of midrib 12-14, rather approximate, inarching quite near the margin; petiole
1-1 ½ cm. Panicles not exceeding 10 cm; pedicels thin, ± 4 mm; calyx-segments 1 ½-1 ¾ mm; corolla tube
finely scaly inside (also in the throat); segments linear-lanceolate, with an oblique top, obtuse, much longer
than the tube, yellow, on the inner side finely scaly especially at the base, ± 3 mm long; follicles linearconical, ± 5 ½ cm. 15 m high. Flowering June; West Java. Central Java; 50-500 m alt; forest.

Middleton (2007)

Branchlets glabrous. Leaves: petiole 0.7-2.6 cm long; blade elliptic, oblong or obovate, 13.9-28.5 by 1.3-10.4
cm, 1.7-4.6 times as long as wide, apex acuminate, more rarely apiculate, base cuneate to rounded, 8-18 pairs
of secondary veins, usually slight prominent beneath, tertiary venation obscure, glabrous above and beneath.
Inflorescence axillary and terminal, usually forming a panicle, glabrous, 5.5-15.2 cm long; pedicels 1.4-3.3
mm long, bracteoles at the base. Sepals ovate, 0.7-1.3 by 0.8-1.2 mm, 1-3 times as long as wide, apex
rounded to acute, glabrous, ciliate or not. Corolla white to greenish yellow; tube 1.2-2.7 mm long, 0.4-1.4
times as long as lobes; lobes strap-shaped, falcate, 1.7-4.4 by 0.6-1 mm; glabrous outside, pubescens on
inside of lobes and in tube. Stamens inserted at 0.3-1 mm by 0.2-0.4 mm. Disk annular, 5-dentate or 5
crenate, style head 0.6-0.8 mm long. Fruit 8-15.5 by 1-3 cm. Seeds grain 14-22 by 6-9 mm; long; coma 5.2-9
cm long.

Trimen (1895)

A very large woody twiner, stems reaching 3 or more in. diam., much dichotomously branched, bark greyishbrown, young parts glabrous; l. 4-6 in., oval-oblong, rounded at base, shortly and suddenly acuminate,
obtuse, glabrous and shining on both sides, subcoriaceous, lat. veins numerous, prominent beneath, petiole ½
in., stout ; fl. very small, on slender glabrous ped., numerous, cymes large, lax, trichotomous, bracts small,
deciduous ; cal.-segm. ovate, acute, slightly ciliate ; cor. ½ in. diam., tube cylindrical, hairy in throat, lobes
spreading, linear, obtuse, slightly falcate, with scattered white hairs on upper surface ; stam. with very short
broad fil; stigmas sessile, pointed; follicles 4-6 in., divaricate, ovate-oblong, cylindrical, blunt, glabrous, hard
and woody, black; seeds few, 8-12, all attached to basal placenta, oval, much compressed, broad, flat, about 1
in. of which ¼ is beak, reddish-brown, coma over 3 in, copious. Moist low country up to 2000 ft., very
common. Fl. March ; pale dull orange. Also in E. Bengal, Burma, W. India, Java, Philippines. It is
remarkable that this conspicuous plant seems to be unrecorded until Moon. The stems afford a very strong
fibre.

Prosea (2016)

A glabrous liana. Leaves with petiole up to 2.5 cm long; blade elliptical to obovate, 14-28 cm × 1-10 cm (24.5 times as long as wide), base cuneate to rounded, apex acuminate, lateral veins 8-18 pairs. Inflorescence 515 cm long; pedicel 1.5-3 mm long; sepals about 1 mm long; petals whitish-yellow, glabrous outside,
pubescens inside, tube 1-3 mm long, lobes 2-4 mm long; stamens inserted up to 1 mm from corolla base; disk
0.3 mm in diameter; pistil 1-1.5 mm long. Fruit 8-16 cm × 1-3 cm. Seed up to 22 mm × 9 mm, beak 6-17 mm
long, coma 5-9 cm long.

India Biodiversity
Portal (2016)

Large woody climbers, latex watery; bark brown. Leaves decussate, 8-22 x 4-8 cm, elliptic-oblong or ellipticobovate, base rounded, apex obtusely acute, subcoriaceous; lateral nerves 10-13 pairs, parallel; petiole to 2
cm long. Flowers small, in axillary and terminal lax paniculate cymes; pedicel to 4 mm long. Calyx-lobes 5,
c. 1 mm long, ovate, acute, alternating with 5 small glandular scales. Corolla yellowish-white, c. 8 mm
across, slaver-form; tube c. 1.5 mm long, inflated over stamens; lobes 5, c. 4 mm long, slightly falcate,
overlapping to right. Stamens 5, included; anthers sagittate, basally spurred, apex mucronate, connivent
around stigma. Ovaries 2, free; ovules many, marginal; style c. 1 mm long; stigma obconic. Follicles
divaricate, 9-14 x 2-3 cm, terete, tapering to the apex. Seeds 2-2.5 cm long, obovate, compressed, beaked,
comose at apex.

climbers or liana, latex watery, young branchlets glabrous;
bark brown. Leaves: petiole 0.7-2 cm long; blade elliptic,
oblong or obovate, 8-22 x 4-8 cm, elliptic-oblong or
elliptic-obovate, base rounded, apex obtusely acute, base
cunetae to rounded, subcoriaceous; lateral nerves 10-13
pairs, parallel. Inflorescence, in axillary and terminal lax
paniculate cymes; flowers small, pedicel to 4 mm long;
Calyx-lobes 5, sepals about 1 mm long, ovate, acute, ovate,

acute, slightly ciliate. Corolla greenish yellow, cor. ½ in.
diam., tube cylindrical, hairy in throat, lobes spreading,
linear, obtuse, slightly falcate, with scattered white hairs on
upper surface c. 8 mm across, slaver-form; glabrous
outside, pubescens on inside of lobes and in tube, tube 1.22.7 mm long. Stamens included, inserted just below middle
of corolla tube; filaments short; anthers sagittate, stigmas
sessile, pointed. Flowering December-January.
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Abstract. Gunawan H, Iskandar S, Sihombing VS, Wienanto R. 2017. Conflict between humans and leopards (Panthera pardus melas
Cuvier, 1809) in Western Java, Indonesia. Biodiversitas 18: 652-658. Conflict between the Javan leopard (Panthera pardus melas
Cuvier, 1809) and humans occupying the same region have tended to increase in the last decade in proportion to increase in
deforestation followed by fragmentation and habitat loss. The objectives of this research were to study the leopard-human conflict and to
analyze the causes in order to formulate recommendations for mitigation. Literature study, structured interviews, and field surveys were
carried out to collect data on leopard-human conflict. Spatial modeling using weighted overlays generated a map of conflict potential in
Western Java. The results showed that in the last 15 years 71 cases of leopard-human conflict had been recorded, with a tendency to
increase over time. There have been 75 records of occurrence of the Javan leopard population in Western Java, of which 30% are
assessed to have had a high potential for conflict; 25% had moderate potential, and 46% had low potential. There are indications that
leopard-human conflict has occurred in villages around degraded forest areas due to human encroachment and cultivation.
Consequently, a special forest management strategy must be implemented on a landscape scale, crossing the boundaries of conservation
forest, productive forest, protected forest and other land uses.
Keywords: Conflict, degradation, fragmentation, habitat, leopard

INTRODUCTION
Javan leopard (Panthera pardus melas Cuvier, 1809)
population management in Indonesia is facing many
challenges. In the last two decades, the population of Javan
leopard has drastically declined due to impacts of habitat
loss, fragmentation and hunting of both leopard and its
prey. This is leading to conflict between leopards and
humans. As a result, the population of Javan leopard is
threatened with extinction in some locations (Gunawan
2010). Due to its declining status, in 2008, the Javan
leopard was placed on the IUCN Redlist as Critically
Endangered (IUCN 1996; Cat Specialist Group 2002; Ario
et al. 2008).
As human populations expand and encroach ever
further into natural habitats, humans and wildlife
increasingly compete for living space and food. Asian big
cats are suffering not only from significant habitat loss, but
also from a decline in their prey species within the habitat
that remains. As a result, cats are moving into more
marginal areas searching for food, finding easy prey in
domestic livestock and attack humans as well. (WWFInternational 2016).
Extensive forest conversion, both legal and illegal, have
directly increased the likelihood of local extinction of
Javan leopard in some forest fragments (Gunawan 2010).
Types of land use and spatial planning that ignore the
principle of ecosystems in unity with landscape have
resulted in forest fragmentation which leads to
demographic and genetic isolation of the leopard

population, rendering it vulnerable to further threats of
extinction from inbreeding (Gunawan 2014). As the
fragmentation, degradation, and loss of habitat increases, so
the likelihood of conflict between humans and leopard
enlarges (Gunawan and Wiennato 2015; Partasasmita et al.
2016).
According to IUCN (2005), human-wildlife conflict
occurs when wildlife requirements encroach on those of
human populations, with costs both to residents and wild
animals. The conflict between humans and wild animals
occur when either the needs or behavior of wildlife impact
negatively on human livelihoods, or when humans pursue
goals that impact negatively on the needs of wildlife
(Makindi et al. 2014). The WWF (2005) defined humanwildlife conflict in broader terms, as any interaction
between humans and wildlife that results in negative
impacts on human social, economic or cultural life; on the
conservation of wildlife populations; or on the
environment. Human-wildlife conflict results in a range of
negative effects. Major outcomes of human-wildlife
conflict are injury and loss of life to humans and wildlife,
predation on livestock, predation on managed wildlife
stock, damage to human property, trophic cascades (e.g.
disruption down the food chain), destruction of habitat,
collapse of wildlife populations, and reduction of their
geographic range (Woodroffe et al. 2005).
Frequently, the conflict between humans and leopards
ended with killing the leopards or trapping them and
sending them to the nearest zoos (Gunawan and Wiennato
2015). The increased trend towards conflict between
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human and leopards needs to be resolved through insightful
management which aims to reduce potential harm to
animals and man through the measures to protect human
life and leopard population, to maintain habitat and general
biodiversity, and to minimize damage to property.
Reducing conflict between wildlife and people is
considered a top conservation priority (Karanth et al.
2012), particularly in landscapes where high densities of
people and wildlife co-occur. Empirical information about
the conflict between humans and wildlife is important in
population management and is regarded as a priority in
Population and Habitat Viability Analyses (CBSG
2010a,b). Research on human-wildlife interactions often
investigates ecological or social indicators that predict the
potential for conflict (Morzillo et al. 2014). Our research
was conducted to provide data regarding the conflict
between humans and leopard in Western Java and to
generate recommendations for reducing the vulnerability to
conflict and for mitigating its effects.

MATERIALS AND METHODS
Secondary data was collected from relevant sources
including journal, thesis, and research reports. Data of
conflicts have been collected since 2011 through reports
compiled from the nature resources conservation agencies,
national park offices, district forest services and Perum
Perhutani offices. Digital maps of forest function,
topography and elevation were collected from the
Directorate General of Forest Planology, Ministry of
Environment and Forestry. The maps will be used for
composing a spatial model of habitat vulnerability to
leopard-human conflict.
A standard questionnaire was used to collect primary
data from respondents including field staff of the
conservation agency, forest service, Perum Perhutani
management, and local residents living around the
conservation areas. The questionnaire included questions
on local conditions, culture and social economic
characteristics of local communities including their
distance from forest area boundaries, human-wildlife, and
livestock-wildlife interactions, and dependence of local
communities on forest resources and forest land. Questions
were also aimed at gaining insight into the perceptions of
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local people on conservation efforts and forest management
in general.
In-depth interviews with key persons were also
arranged to collect information about policies of local
government and conservation management in their efforts
to mitigate human-leopard conflicts. Camera traps were
used in conflict areas for confirming the presence of
leopards. GPS was used for pinpointing the localities where
leopards exist and where incidents of conflict occurred.
The research domain covered the western part of the Island
of Java, which includes West Java Province and Banten
Province, Indonesia.
Data from both primary and secondary sources was
processed and analyzed using Microsoft Excel. Both
descriptive and analytical procedures were used in the data
analysis. The analyses were carried out to assess the trend
in the incidence of conflict and to determine the potential
causes of conflict in the relationship between human
attitudes and forest conditions. A conflict vulnerability
model was generated through spatial modeling of the
vulnerability of forest areas to human disturbance including
variables of forest function status, topography, and
elevation above sea level. All three maps of forest function,
topography and elevation were overlaid on the geographic
map with the following weightings:0.40 (forest function);
0.33 (topography); and 0.27 (elevation). All factors were
scored (Table 1; Figure 1) according to criteria derived
from (Gunawan 2010).

Forest function

Class of
function

Topography

Class of
topography

Elevation

Class of
elevation

Conflict
vulnerability
between human
and leopard

Figure 1. Overlay procedure to assess habitat vulnerability to
leopard-human conflict

Table 1. Scores of habitat factors for modeling the level of risk of leopard-human conflict
Criteria

Score

Indicators

Vulnerability to conflict

Weight

Forest functions

1
5
10
1
5
10
1
5
10

Production forest
Limited production forest
Conservation forest and protected forest
< 15 % slope
15% -25 % slope
> 25% slope
< 500 m above sea level
500 -1000 m above sea level
> 1000 m above sea level

High
Moderate
Low
High
Moderate
Low
High
Moderate
Low

0.40

Topography
Elevation

0.33
0.27
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Livestock
Depletion
69%

Figure 2. Typology of conflict between human and leopards in
Western Java, Indonesia

Lebak

Cianjur

Bandung barat

Kuningan

Sukabumi

Tasikmalaya

Bogor

Garut

Figure 3. Trend of conflict between human and leopards in
Western Java, Indonesia

Ciamis

Trends in the conflict between humans and leopards in
Western Java
Lamarque et al. (2009) categorized human-wildlife
conflicts into five types; human deaths and injuries;
destruction of crops; attacks on domestic animals;
transmission of diseases to livestock and/or humans; and
adverse interaction with other species (endangered or
highly valuable). In Western Java, most of the humanleopard conflicts were triggered by cases of livestock
depredation and terror caused by the appearance of
leopards in human settlements. There are three main types
of interaction between humans and leopards in Western
Java (Figure 2). Most of this conflict between humans and
Javan leopards in Western Java can be classified as
“attacks on domestic animals”. There were 48 cases (69%
of the total number) of predation on livestock by Javan
leopards during the last 15 years in Western Java.
The number of cases of conflict between human and
leopards has been increasing in the last 15 years (Figure 3).
During that period a total of 71 cases were reported, but it
was assessed that there were additional cases that had not
been reported by local people due to reasons such that,
there were no victims or that the leopards were illegally
killed by local people. When leopards are trapped and
killed, people prefer not to report it to conservation
managers or local government to avoid law enforcement.
The incidents of conflict were recorded across nine
regencies; i.e. Ciamis, Garut, Bogor, Tasikmalaya,
Sukabumi, Kuningan, Cianjur, Bandung Barat and Lebak
(Figure 4). The highest frequency of conflict between
human and leopards occurred in Ciamis District, with 48
cases reported. The leopards were frequently entering
human settlements and in many cases, they killed livestock
such as goats, sheep, and chickens as well.
It has been hypothesized that the increase in a number
of incidents of leopards straying into settlements in
Western Java is correlated with an increase in the
population of Javan leopards while the carrying capacity
has remained relatively constant; thus forcing new
individuals to exit from their original habitat in search of
new suitable habitat. An alternative hypothesis is that there
has actually been habitat loss and degradation due to
deforestation, conversion, and fragmentation, leading to a
decline in carrying capacity, again forcing some leopards
out of their original habitat to find new habitats. Under
conditions where carrying capacity becomes insufficient to
support leopard populations, male individuals, which
normally exhibit territorial behavior, will compete with
other males to conquer the habitat to increase their
territory. The leopards that lose out in the competition for
territory -usually old males, young males, and weak
individuals -will be the ones forced out. The facts support
the idea that there is competition for territory, actually,
most of the leopards that are forced out of their habitats are
young males under three years of age, and weak males
suffering from disease or wounds.

Trappered/
captured
7%

Straying in human
Settlement
24%

Figure 4. Distribution of conflict between humans and leopards in
Western Java, Indonesia
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Leopards which enter the human settlements in Ciamis
District are assumed to have come from Mount Sawal
forest. The core area of Mount Sawal functions as a
wildlife sanctuary which is managed by the Nature
Resources Conservation Agency. At the outer edge of the
wildlife sanctuary, there is production forest and protected
forest managed by Perum Perhutani (State Forestry
Business Unit). Production forest and protected forest
around the wildlife sanctuary play a role as a buffer zone
functioning as an extension of the habitat and a refuge area
for wildlife.
In recent decades, the production forest and protected
forest were deforested due to reformation euphoria which
motivated people to encroach upon and occupy the forest
area. In fact, most of the production forest and protected
forest which previously functioned as a buffer zone for the
wildlife sanctuary, is now being planted with Coffea
robusta. This coffee plantation has been legalized through
the Community-Based Forest Management (CBFM)
Program. However, the CBFM program was not
implemented properly, and the composition of forest
species and agricultural species in the program does not
support the sustainable functioning of the forest and
agricultural species that dominate the area and are planted
after initial forest cutting and land clearing. Young trees of
Pinus merkusii are planted sparsely amongst the coffee
plantation.
The conflict between humans and leopards is rising as
deforestation is increasing for agricultural use. In 2006,
there were 1.608,45 hectares cultivated land around Mount
Sawal Sanctuary which have been increased became
1.724,95 hectares in 2014 (Figure 5). This is in line with
the increase of conflict between leopards with human
around the Mount Sawal Sanctuary. The evidence suggests
that the number of incidents of leopards entering into
human settlements around Mount Sawal is are rising as a
result of the extensive encroachment into and cutting off
the production forest and protected forest zones around
the wildlife sanctuary. The forest floor cover of natural
vegetation which can provide a variety of forage for
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herbivores is vanishing as the coffee plantation is
extensively developed. The cover vegetation that arises
under the coffee plantation is unintended and has
become weedy, so it must be eradicated even through
environment unfriendly methods such as the application
of chemical herbicides.
The presence of leopards in the vicinity of human
habitations is assumed to result from the leopards
cruising their home range in pursuit of prey which
extend their foraging and grazing area as their natural
habitat has been changed into coffee plantation without
a floor cover crop. Deforestation and forest conversion
into monoculture plantation have resulted in negative
impacts on the leopard's prey population with the
consequence that the leopards tend to widen their home
ranges by including the private land available in the
vicinity of human settlements.
The general assumption that conflict between humans
and leopards rises as an impact of dry seasons is not
supported by the data. Figure 6 describes the trend in the
number of incidents of conflict in the period 2001-2015
which included several cycles of dry and wet/rainy seasons.
The peaks in the number of conflicts appeared in the wet
seasons, which are commonly the seasons of abundant
prey. We conclude that factors other than seasonal effects
are determining the pattern in the frequency of conflict.
Territorial behavior is strongly indicated as the cause of the
conflict between humans and leopard. Most of the leopards
which came out from their original habitat were male
individuals under three years of age. According to Van
Houten (2003), the new generation which has just
separated from their mothers and must seek their own
territories. New males must compete with other existing
stronger males (included their fathers) to get hold of
territory. Unfortunately, most young male leopards are
weak and less experienced due to this reason most of them
become losers and must depart from their habitat. This
leads to the conflict with humans.

Figure 5. Deforestation of natural forest (left) and plantation forest (right) around the Gunung Sawal Wildlife Sanctuary, which is then
followed by coffee plantations
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Conflict vulnerability
Mapping of habitat vulnerable to conflict between
humans and leopards is very important for population
management of the Javan leopard. We assumed that a more
restrictive forest function status results in a habitat that is
more secure for the Javan leopard, so the risk of conflict is
lessened. A steeper topography reduces the opportunity of
human entrance into the forest, so it reduces the risk of
conflict. In general, forest located at higher elevations is far
from highly populated human settlements which are mostly
distributed in lowland areas. Consequently, we can assume
that higher elevation lowers the risk of conflict. The results
of spatial modeling showed that there were 22 subpopulations (30%) with high potential for conflict between
humans and leopards (Figure 8). Sub-populations of
leopard vulnerable to conflict are generally distributed near
or directly close to human settlements and cultivated land.
Conflicts between humans and leopards frequently occur as
the forested area has been changed into the non-forest land
which is unsuitable habitat for leopards and their prey.
These cases of conflict occurred around Mount Sawal
wildlife sanctuary (Ciamis District), Cikepuh wildlife
sanctuary (Sukabumi District), and Leuweung Sancang
wildlife sanctuary (Garut District).
Almost one-third of the Javan leopard population in
Western Java is vulnerable to conflict with humans (Figure
7). One of the causes is that the leopard’s habitats are
mostly too close to human settlement and cultivated land.
This assumption is supported by the evidence that cases of
conflict between human and leopards are most frequent in
those villages that are in direct proximity to the leopard’s
habitats. Specifically, the conflicts mostly occur in villages
close to the deforested area of the Mount Sawal forest
complex.
The map of habitat vulnerable to the conflict between
humans and leopards (Figure 4) can be used as the basis for
mitigation efforts to prevent and reduce such conflict in the
future. Leopard carrying capacity of the localities that are
vulnerable to the conflict have been decreased due to their
increasing populations and/or decreasing quality and
quantity of habitat which in turn forces the leopard out of
the forest to find new home range and prey.
Most of the leopard population in Western Java (63%)
is distributed in production forests with monoculture
plantations intensively managed by Perum Perhutani
(Gunawan and Wiennanto 2015). This means that 63% of
the leopard population is facing threats from forest cutting,
cultivation, conversion, and other disturbances from human
activities inside forest areas. On the other hand, there are
seven populations in the ‘nonequilibrium' population
network that are vulnerable to conflict and have a high risk
of local extinction (Gunawan 2016). These ‘nonequilibrium
populations' need to be monitored and managed properly to
avoid local extinction. Small populations also need special
treatment in management due to their high vulnerability to
local extinction that arises from the risk of diseases,
disasters, and inbreeding.

Figure 6. Seasonal pattern of conflict between humans and
leopards in Western Java (period 2001-2015)

Figure 7. The distribution of the Javan leopard population in
Western Java categorized according to the degree of vulnerability
to conflict with humans

Special treatment in managing production forests that
are part of the existing habitat of leopards is needed in
order to ensure that cutting of the forests, cultivation, and
conversion for other human uses do not result in significant
forest degradation, fragmentation, and habitat loss.
Coordinated management between conservation managers
and other land-use managers involving all stakeholders, is
essential to protect the leopard habitat on a landscape scale.
In general, almost half of the leopard population in
Western Java is located far away from the human
settlement and agricultural land, so is at low risk of conflict
with humans. These populations are distributed in the
interior or core zones of big conservation forests, such as
Gede-Pangrango National Park, Halimun-Salak National
Park, and also in big protected forests like Mount
Tangkuban Perahu, Mount Papandayan, and Mount Patuha
landscapes.

GUNAWAN et al. – Conflict between humans and leopards in Western Java, Indonesia

657

Figure 8. Map of the risk of potential conflict between humans and leopards in Western Java

Management implication
The conflict between humans and leopards is rising and
becoming a national issue. It is a significant problem
because of the cost in lives, both human and wildlife, and
in threatened livelihoods. It is also a threat to long-term
conservation goals such as the securing protected areas and
the building of an awareness of the importance of
biodiversity conservation. Systematic, comprehensive and
integrated efforts are immediately needed to manage and if
possible prevent conflict between humans and leopards in
the future. A protocol of conflict resolution and
management is essential. On the one hand, populations of
leopards that are vulnerable to conflict need to be managed,
and on the contrary, the understanding and awareness of
local people regarding leopard conservation must be
raised.
Human-leopard conflict can be managed through a
variety of approaches. Our map of Western Java assessing
degrees of vulnerability to the conflict between humans and
leopards can be used to identify potential hotspots requiring
particular efforts to mitigate conflict. Socialization about
ways of resolving and managing human-leopard conflict is
required in villages adjacent to vulnerable habitat. Captured
leopards need to be released to suitable habitats as soon as
possible after rehabilitation and a health check-up in a
sanctuary. Feasibility studies of suitable habitat and

destinations for reintroduction into the wild of captured
leopards must be conducted before relocation.
WWF-International (2016) offers six techniques for
mitigating human-Asian big cat conflicts. They are
livestock compensation schemes; livestock insurance
schemes; improving the protection of livestock from
predation; improving livestock husbandry; relocation and
alternative income generation schemes with specific links
to Asian big cat-human conflict mitigation. In many cases,
two or more of the methods are incorporated into a larger
program of work which is tailored to suit the specific needs
and requirements of the region. Effective management of
conflict will have to strike a balance between minimizing
serious conflict (i.e. leopards attacking people) and the
long-term conservation of the leopard species (Athreya and
Belsare 2007).
To conclude, the conflict between humans and leopards
has been increasing in the last 15 years. This fact indicates
that the carrying capacity of the leopard’s habitats is no
longer adequate to support the existing leopard population.
The conflict arises in villages close to degraded habitats of
the leopard. The increasing number of incidents of conflict
between humans and leopards is alarming the conservation
managers, who seek to take action to resolve or mitigate
such conflict. A map of zones of potential conflict between
human and leopards can be used to identify areas of
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heightened risk of conflict. This map will guide mitigation
efforts and in the socialization of villagers at risk around
leopard habitat. Systematic, comprehensive, and integrated
efforts are immediately needed to prevent and manage
conflict between humans and leopards in the future.
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Abstract. Gunawan H, Sugiarti, Iskandar S. 2017. Dynamics of mangrove community in revegetation area of Karangsong, north coast
of Indramayu District, West Java, Indonesia. Biodiversitas 18: 659-665. Mangrove along the north coast of Java is heavily degraded due
to the conversion of land into fish ponds and human settlement areas. A revegetation program has been initiated by the local community
of Karangsong Village, Indramayu District, West Java, Indonesia, supported by PT. Pertamina RU VI Indramayu. Our research aimed to
study the population dynamics of the mangrove revegetation in Karangsong. Secondary data was collected from the Fishery and
Maritime Services of Indramayu and PT. Pertamina. We carried out on-location field observations and we interviewed key respondents.
Data was analyzed to describe trends in the diversity index and population dynamics of the mangrove. It was observed that the
revegetation effort in the shoreline of Karangsong had covered ± 69.08 hectares which consisting of six species of mangrove and three
tree species of coastal vegetation i.e. Rhizophora mucronata Lam., Rhizophora stylosa Griff., Rhizophora apiculata Blume, Avicennia
marina (Forssk.) Vierh., Avicennia alba Blume, Sonneratia caseolaris (L.) Engl, Terminalia catappa L., Casuarina equisetifolia L., and
Ziziphus mauritiana Lam. The mangrove population increased dramatically, from estimated 25,000 individuals in 2008 to 690,835
individuals in 2016. Rhizophora mucronata was the most dominant species (68.85%), followed by Rhizophora stylosa (18.33%) and
Rhizophora apiculata (9.53%). The Shannon diversity index was fluctuated but tend to be increased from 0.80 to 0.95.
Keywords: Karangsong, mangrove, north coast, re-vegetation

INTRODUCTION
There are roughly 166,876 km2 of mangrove along the
shorelines of the world, with the largest proportion of
mangrove occurring in Asia (77,169 km2) and the
Americas (43,161 km2) (Valiela et al. 2001). Countries
with the largest area of mangroves are Indonesia (4.25 x
104 km2) (Spalding et al. 1997), followed by Brazil (1.34 x
104 km2) (Spalding et al. 1997), Nigeria (1.05 x 104 km2)
(Saenger and Bellan 1995), and Australia (1.00 x 104 km2)
(Robertson and Duke 1990).
Globally, the area of mangrove area is declining rapidly
as it is cleared and converted to mariculture, agriculture,
urban development, logged timber concessions, and fuel
production areas (Fortes 1988; Marshall 1994; Primavera
1995; Twilley 1998; Polidoro et al. 2010). At least 35% of
the world’s mangrove forest area has been lost in the past
two decades (Valiela et al. 2001). It is apparent that
maricultural practices are responsible for the bulk of the
increasing loss of mangrove worldwide. For example, pond
culture has been reported to be responsible for 50-80% of
the loss of mangrove in Southeast Asia (Wolanski et al.
2000). Most of the damage is attributable to the direct loss
of habitat from the conversion of "cheap" mangrove land to
"valuable" shrimp, prawn, and fish ponds (Valiela et al.
2001).
In 1999, Indonesia's mangrove forest covered 8.6
million hectares which consisted of 3.8 million hectares of
forest area and 4.8 million hectares of nonforest area.

Degradation of mangrove in forest area is 1.7 million
hectares (44.73%) and in nonforest area is 4.2 million
hectares (87.50%) (Gunawan and Anwar 2005). Indonesia
has lost 40% of its mangrove in the last three decades
(FAO 2007). The deforestation rate for mangrove in
Indonesia is estimated to be 6% or 0.05 million hectares of
the total annual forest loss (Margono et al 2014; Ministry
of Forestry Republic of Indonesia 2014). The Ministry of
Forestry has reported that only 31% of the remaining
mangrove is in an intact condition and the rest (69%) is
heavily degraded (Ministry of Forestry 2007). FAO (2007)
reported that mangrove forest in Indonesia is 3,062,300
hectares or 19% of the world’s mangrove and still the
largest in the world, followed by Australia and Brazil.
Mangrove forest in Java Island is decreasing as the
impact of conversion to mariculture, human settlement and
other uses worsens. This impact is due to limited
understanding and awareness by surrounding communities
of the ecological importance of mangrove and uncertainty
about land status (Said and Smith, 1997). In 2011,
mangrove in West Java Province was estimated as covering
40,130 hectares which were distributed between forest area
32,314 ha (80.52%) and non-forest area, 7,816 ha
(19.48%), including 13 regencies (Forestry Service of West
Java Province 2013). The degraded mangrove in this
province is 15,276 hectares (38.06%), with the largest
occurring in Karawang District 13,181ha (32.85%)
followed by Bekasi 10,481ha, Indramayu 8,720ha, Subang
7,346 ha, Cirebon 190 ha, Ciamis 170 ha, Garut 32 ha
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and`Sukabumi 9 ha (Ministry of Forestry 2012). The loss
of mangrove in the Indramayu District has impacted on the
disappearance of Ujung Gebang, Limbangan and Jatinyuat
villages (Forestry Service of West Java Province 2016).
Mangrove forest in Indonesia provides benefits for local
communities; supporting livelihoods by producing items of
food, fuel wood, charcoal, construction materials, and
furniture timber, as well as by generating income
(Armitage 2002). Mangrove is also important in socialcultural terms in fulfilling various religious, spiritual,
aesthetic, and recreational functions that benefit ecotourism
(UNEP 2014). Mangrove ecosystems support essential
ecological functions such as intercepting land-derived
nutrients, pollutants and suspended matter before these
contaminants reach deeper water (Marshall 1994, RiveraMonroy and Twilley 1996, Tam and Wong 1999).
Mangroves also perform other important services, such as
preventing coastal erosion by stabilizing sediments
(Marshall 1994, Tam and Wong 1999), furnishing nursery
and spawning areas for commercially important coastal fish
and shellfish species (Rodelli et al. 1984, Sasekumar et al.
1992), and providing stopover sites for migratory birds,
fish, and mammals (Saenger et al. 1983). Any loss of
mangrove forest, therefore, means a loss of their important
contributions to subsistence uses, and to ecological,
economic, and conservation functions (Valiela et al. 2001).
Based on the essential functions of mangrove for
human life, the Ministry of Environment and Forestry has
designated mangrove as an essential ecosystem which will
be treated as a protected area or conservation area under the
Directorate of Essential Ecosystems Management. The
Ministry of Environment and Forestry has also launched a
National Movement on Forest and Land Rehabilitation
(NMFLR) - a national initiative to plant trees in forest land
and bare lands - including mangroves - as a commitment to
improving the quality of environment for people’s
prosperity. The total extent of the national program for

mangrove rehabilitation during 2010-2014 is 33,394
hectares (Ministry of Environment and Forestry 2015). The
rehabilitation program in West Java Province has planted
365 hectares of mangrove in 2008, 50 hectares in 2009, 311
hectares in 2010, 480 hectares in 2011 and 270 hectares in
2012 (Forestry Service of West Java 2013).
The local community of Karangsong village in
Indramayu District which is supported by PT. Pertamina
Refinery Unit VI Indramayu has initiated a mangrove revegetation program on private land (non-forest land) along
the north shoreline of Indramayu District. They started
planting mangrove species in 2008 and have consistently
extended the area of rehabilitation in a project that has
involved many stakeholders. They are also developing an
ecotourism program and are practicing sustainable
utilization of non-timber mangrove products for generating
income to raise local people’s prosperity. The research
described here, aimed to study the population dynamics of
this mangrove vegetation that has been planted in
Karangsong village, Indramayu District, West Java,
Indonesia.
MATERIALS AND METHODS
The study was conducted in Karangsong village,
Subdistrict of Indramayu, Indramayu District, West Java,
Indonesia located between 6°17'38.52"S - 6°18'17.52"S
and 108°22'03.60"E - 108°22'17.94"E. The site is a
mangrove habitat combined with coast and the estuary of
the Prajagumiwang River which crosses the Karangsong
Village and joins with the Java Sea. This area is part of the
Cimanuk watershed, with the main Cimanuk River crossing
the territory of Indramayu District. Primary and secondary
data were collected betweenMay to June 2016.

Figure 1. Study site in north coast of Karangsong village, Subdistrict of Indramayu, Indramayu District, West Java, Indonesia
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Data on the mangrove plantation was collected from the
Fishery and Maritime Service of Indramayu District and
PT. Pertamina RU VI Indramayu. Information collected
included the species, the number of plants, the date of
planting, an estimation of the site extent, and details of the
institutions and community groups involved in the
plantation. In-depth interviews with resource persons and
key respondents were made to complete and confirm the
data and information collected. The point count method
was applied for the bird survey (Hill et al. 2005) with an
observation radius of 50 m: the result was a list of bird
species (van Lavieren 1982). Identification of birds was
carried out based on Field Guide to the Birds of Java and
Bali (Mackinnon 1991) and Field Guide to the Birds of
Borneo, Sumatra, Java and Bali (MacKinnon et al. 1992).
All information and data were analyzed to describe the
dynamics of the ecosystem, including the abundance trend,
species composition, and diversity and evenness indices of
the mangrove population.
RESULTS AND DISCUSSION
National program of rehabilitation on forest and bare land
The Ministry of Environment and Forestry has launched
a National Movement on Forest and Land Rehabilitation
(NMFLR). It is a national initiative to plant trees in forest
land and bare land, including mangroves, as a commitment
to improving the quality of environment for people’s
prosperity. In the period 2010-2014, the NMFLR program
planted 2,279,380 hectares. The national program for
rehabilitation of degraded mangrove in the period 2010 2014 planted 33,394 hectares (Ministry of Environment
and Forestry 2015). In the decade 2003-2012, mangrove
rehabilitation in West Java Province through the NMFLR
program covered 3,681 hectares (Figure 2) (Forestry
Service of West Java Province 2012; 2013a; 2013b; 2016).
Rehabilitation of mangrove along the north coast of Java is
crucial, and not only for ecological reasons; the socioeconomic arguments are even more significant, due to the
threat that mangrove degradation poses to the surrounding
communities who depend on mangrove and the fishery it
sustains. Gunawan et al. (2007a) reported that the presence
of mangrove can improve the quality of water in fish
ponds. Gunawan et al. (2007b) also found that mangrove
rehabilitation through a silvofishery program can increase
the household income of the adjacent community of
Subang District, on the north coast of West Java Province.
Mangrove rehabilitation in Karangsong, Indramayu
The revegetation program to rehabilitate degraded
mangrove in Karangsong village was initiated in 2008
through the planting of three species of mangrove
(Rhizophora mucronata, R. stylosa, R. apiculata) covering
2.5 hectares of shoreline in Karangsong Village. The
plantation was initiated by a group of fishermen named
“Kelompok Pantai Lestari” who were supported by PT.
Pertamina RU VI Indramayu through the CSR program.
One of the crucial reasons for the involvement PT.
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Pertamina RU VI, is that the Java Sea to the north of
Indramayu is a route for oil tankers transporting refined oil
from Balongan Indramayu to Jakarta. The sea has been
polluted by oil spills from tankers, which negatively
impacts on the local sea-water quality and on the fishery.
The suspicion was supported by the research results of
Gunawan and Anwar (2008) who detected the pollutants
Lead (Pb), detergent (MBAS) and Mercury (Hg) in the
waters of Subang, a District on the north coast next to
Indramayu District. In this area, Gunawan and Anwar
found that the lead (Pb) content and detergent (MBAS) of
waters were higher than the threshold for fish culture. They
also found that eight species of fishes and a species of
shrimp in silvofishery ponds and six species of fishes and a
species of shrimp in common ponds without mangrove
were contaminated with mercury (Hg), but the
concentration of pollutants in the silvofishery pond was
lower than that of common pond.
It is believed that revegetation of mangrove can
improve the quality of the coastal sea water and in turn
restore the habitat of the biota living in the water. As a
corporation that produces and transports oil through the
Java Sea to the north of Indramayu, PT. Pertamina RU VI
has a high commitment to restore the mangrove ecosystem
and coastal waters along the north shoreline of Indramayu.
The mangrove revegetation program which was initiated by
people of Karangsong and PT. Pertamina RU VI was then
followed by other community groups and supported by
NGOs, private sectors, national government, provincial
government and district government. There are 37
community groups and 13 institutions involved in the
development and plantation of mangrove at Karangsong.
The private sector has a critical role in mangrove
rehabilitation at Karangsong (31%) alongside the national
government (23 %) (Figure 3). The facts demonstrate that
the success of mangrove rehabilitation program depends
upon the involvement of all stakeholders. Gunawan and
Anwar (2005) similarly found that the success of mangrove
rehabilitation on the north coast of Central Java Province is
determined by the participation of the local community
around the mangrove area.

Figure 2. Trend of mangrove rehabilitation in West Java
Province, Indonesia. Sources: Forestry Services of West Java
Province (2012; 2013a,b; 2016); Ministry of Forestry (2007;
2012; 2014); Ministry of Environment and Forestry (2015)
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The extent of the rehabilitated area is increasing from
year to year (Figure 4). There has been a particularly
significant increase from 2014 to 2016. In the first semester
of 2016, the extent of mangrove revegetation in the north
shoreline of Indramayu District has covered ±69.08
hectares. Karangsong Village in Subdistrict of Indramayu
has the largest area of mangrove revegetation. Mangrove
revegetation has been also implemented in other
subdistricts i.e. Balongan, Cantigi and Pasekan. The
cumulative extent of green belt of mangrove revegetation
in the shoreline of Indramayu District is estimated 103.19
hectares. This increase was triggered by national and
international events such as International Forest Day,
Conservation Day, Environment Day, Tree Planting Day,
One Billion Trees Program and One Man One Tree
conducted at Karangsong and surroundings.
The increase in the extent of rehabilitated area has been
accompanied by an increase in the population of mangrove
species (Figure 5). Rhizophora mucronata is dominating
the plantation (68.85%), followed by R. stylosa (18.33 %)
and R. apiculata (9.53%) (Figure 6). The number of species
has also increased from three species in 2008 to nine
species in 2016, which consisted of six species of
mangrove and three species of coastal vegetation trees
(Table 3 and Figure 7). Compared with natural mangrove
in Indonesia which consists of trees (at least 47 species),
shrubs (5 species), herbs and grasses (9 species), and
parasites (2 species) (Kusmana 2011), revegetation at
Karangsong still needs to be diversified in terms of the
range of species generated in the plantation areas.
Increasing the species richness is critical to providing
heterogeneous habitat for faunal diversity. The majority of
studies have found a positive correlation between habitat
heterogeneity/diversity and animal species diversity,
although ecological effects of habitat heterogeneity may
vary considerably between species groups depending on
whether structural attributes are perceived as heterogeneity
or fragmentation. Moreover, the effect of habitat
heterogeneity for one species group may differ in relation
to the spatial scale (Tews et al. 2004).
Although the population number of each species is
increasing, the composition is not evenly distributed. This
is indicated by the values for diversity and evenness
indices. Figure 8 shows the change in values of diversity
and evenness indices of mangrove during 2008-2016. The
indices have not been continuously increasing. In
particular, the mass planting in 2014 - 2016 resulted in a
decline in the diversity index as well as evenness index.
Enrichment planting is critically important to increase
the diversity of mangrove to enhance quality and
heterogeneity of habitats for promoting fauna diversity.
Azlan et al. (2015) stressed the importance of diversity and
quality of habitat in encouraging the diversity and density
of birds in mangroves. Bird species composition in
mangroves was closely associated with both plant species
composition and configuration of the vegetation structure
(Azlan et al. 2015). Habitat structure and floristic
characteristics are also closely related to species richness
and diversity of birds. Larger areas tend to have more
diverse habitats, both structurally and floristically, which

bird species can occupy, resulting in greater bird diversity
(MacArthur and Wilson 1967; Woinarski et al. 2001).
Besides being an important factor in contributing to the
increase in species richness and diversity, habitat structure
is also an important determinant influencing habitat
selection and distribution of species, especially in complex
habitats such as tropical forest (Watson et al. 2004).
Habitat heterogeneity in mangrove is less pronounced and
may limit the number of coexisting species (Ford 1982).

Figure 3. Supporting institutions of mangrove rehabilitation at
Karangsong, Indramayu, Indonesia

Figure 4. Cumulative extent of mangrove revegetation area at
Karangsong, Indramayu, Indonesia

Figure 5. Population increase of mangrove and coastal species at
Karangsong, Indramayu, Indonesia
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Figure 6. Composition of plant species in the rehabilitation area
of Karangsong, Indramayu, Indonesia

Figure 7. Increase of species number of plant at Karangsong
mangrove area, Indramayu, Indonesia

663

Enrichment planting should include an increase in
species number and a balancing of the proportions among
the species, so that the evenness index increases. Some
species of mangrove that could be added to enrich the
Karangsong mangrove area are Tanjang (Bruguiera sp.),
Nyirih (Xylocarpus sp.), Tengar (Ceriops sp.) and Butabuta (Excoecaria sp.) These have not been planted yet in
Karangsong. Sandy coastal habitat should also be enriched
with coastal species such as Butun (Barringtonia asiatica
(L.) Kurz.), Nyamplung (Calophyllum inophyllum L.),
Bintaro (Cerbera manghas L.), Ketapang (Terminalia
catappa L.), Kampis cina (Hernandia peltata Meisn.),
Waru (Hibiscus tiliaceus L.), Waru laut (Thespesia
populnea (L.) Sol. Ex Correa), Kepuh (Sterculia foetida
L.), Dungun (Heritiera littoralis Aiton), and Malapari
(Pongamia pinnata (L.) Pierre).
Impact of Mangrove Revegetation
The presence of mangrove vegetation on the north coast
of Karangsong Village has gradually encouraged birds and
other faunas. Twelve families of birds consisting of twenty
species were found in mangrove and coastal vegetation at
Karangsong (Table 4). Eight species of water birds were
found in the mangrove habitat. These birds are a very
common presence in the mangrove of Karangsong and
some of them are temporary residents. The area of the
North coast of Java still having mangrove is essential
habitat for migrant birds. In the north coast of Indramayu,
Iskandar and Karlina (2004) reported 15 species of migrant
birds. Some of the migrant birds are consumed and sold by
local people for additional income (Iskandar and Karlina
2004). The role of mangrove as habitat of wildlife was also
demonstrated by Gunawan (2002). Gunawan (2002) found
77 species of wildlife, consisting of three mammals, six
reptiles and 68 birds that directly interacted with the
mangrove vegetation in Rawa Aopa Watumohai National
Park (RAWNP). The mangrove of RAWNP is a secure
home for endangered species that depend on mangroves
and is the main transit habitat for many seasonally migrant
birds.

Figure 8. Dynamics of species diversity index of vegetation at
Karangsong mangrove area, Indramayu, Indonesia

Table 3. List of species at Karangsong rehabilitation area, Indramayu, Indonesia
Local name

Botanic name

Family

IUCN Red List Category

Habitat

Bakau hitam
Bakau kecil
Bakau minyak
Api-api
Api-api
Pidada
Ketapang
Cemara laut
Bidara

Rhizophora mucronata Lam.
Rhizophora stylosa Griff.
Rhizophora apiculata Bl.
Avicennia marina (Forssk.) Vierh.
Avicennia alba Blume
Sonneratia caseolaris (L.) Engl.
Terminalia catappa L.
Casuarina equisetifolia L.
Ziziphus mauritiana Lam.

Rhizophoraceae
Rhizophoraceae
Rhizophoraceae
Acanthaceae
Acanthaceae
Lythraceae
Combretaceae
Casuarinaceae
Rhamnaceae

LC (ver 3.1)
LC (ver 3.1)
LC (ver 3.1)
LC (ver 3.1)
LC (ver 3.1)
LC (ver 3.1)
LR/nt (ver 2.3)
NE (ver 3.1)
NE (ver 3.1)

Mangrove
Mangrove
Mangrove
Mangrove
Mangrove
Mangrove
Coastal
Coastal
Coastal
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Table 4. List of birds species found at Karangsong mangrove area, Indramayu, Indonesia
Local name

Latin name

Family

Cekakak sungai
Meninting
Walet sapi
Walet linchi
Kuntul kerbau
Kuntul karang
Kuntul kecil
Kuntul perak
Blekok sawah
Kokokan laut
Cinenen pisang
Tekukur biasa
Wiwik kelabu
Bondol peking
Layang-layang
Bentet kelabu
Gereja erasia
Cucak kutilang
Kacamata biasa
Kacamata laut

Todirhampus chloris Boddaert
Alcedo meninting Horfield
Collocalia esculenta Linnaeus
Collocalia linchi Horsfield & Moore
Bubulcus ibis Linnaeus
Egretta sacra Gmelin
Egretta garzetta Linnaeus
Egretta intermedia Wagler
Ardeola speciosa Horsfield
Butorides striata Linnaeus
Orthotomus sutorius Pennant
Streptopelia chinensis Scopoli
Cacomantis merulinus Scopoli
Lonchura punctulata Linnaeus
Hirundo tahtica Gmelin
Lanius schach Linnaeus
Passer montanus Linnaeus
Pycnonotus aurigaster Vieillot
Zosterops palpebrosus Temminck
Zosterops chloris Bonaparte

Alcedinidae
Alcedinidae
Apodidae
Apodidae
Ardeidae
Ardeidae
Ardeidae
Ardeidae
Ardeidae
Ardeidae
Cisticolide
Columbidae
Cuculidae
Estrildidae
Hirundinidae
Laniidae
Passeridae
Pycnonotidae
Zosteropidae
Zosteropidae

The number of mangrove species planted in
Karangsong has increased from three in 2008 to nine in
2016, consisting of six species of mangrove and three
species of coastal vegetation. The population of each
species is increasing, with the dominant species
Rhizophora mucronata (68.85%), followed by R. stylosa
(18.33 %) and R. apiculata (9.53%). The Shannon's species
diversity index was fluctuated but tend to be increased
from 0.80 to 0.95. The success of mangrove revegetation
depends on the participation of local people and
community groups as well as on contributions from the
private sectors with support from government at national
and local levels. The presence of mangrove has provided
habitat for a diversity of fauna, especially for the bird
community. Enrichment planting is still needed to increase
the diversity of mangrove, which impacts on the diversity
of fauna.
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Abstract. Saptiani G, Pebrianto CA, Agustina, Hardi EH, Ardhani F. 2017. Short Communication: Diversity and prevalence of
ectoparasites associated with cultured fish from coal ponds in East Kalimantan, Indonesia. Biodiversitas 18: 666-670. In East
Kalimantan, coal pits are used for fish culture. The most fish species cultured in the coal ponds were carp and tilapia. The study aimed to
identify ectoparasites types, diversity, and prevalence of fish cultured in coal ponds. Sampling was carried out between January and
March 2016 on coal ponds in Kutai Kartanegara District, East Kalimantan. Samples were taken from two different coal ponds, but both
coal ponds cultivated the same species of fish samples (carp and tilapia). The number of fish samples taken from coal ponds was 40
samples for each fish types in each location of coal ponds with the body weight of the fish samples between, 20-30 g. The preparation of
parasite identification was conducted by taking every fish's external organ which was then scraped for microscopical preparation and
observation. The identification of parasites was determined based on the morphological characteristics including the shape
performances, specific spots and also the type of environment and habitat. The results showed that ectoparasites found in carp and
tilapia cultured in coal ponds were Ichtyopthirius multifilis, Trichodina, Oodonium, Dactylogyrus, and Gyrodactylus, while Epistylis
was only found in carp. The average percentage of ectoparasites prevalence in carp was from 30.00 to 59.17% with the attacked
intensity was between 2.47 to 4.43 parasites/fish, while in tilapia was from 27.5 to 40.83% with the attacked intensity between 1.04 to
2.83 parasites/fish. The highest prevalence and intensity of parasite attacks was Trichodina in carp from a pond which has been used for
a long time for fish culture. The prevalence and attacked intensity of ectoparasites on fish were higher in the longer use of coal ponds
rather than those in new ponds.
Keywords: Coal pond, ectoparasite, fish, prevalence

INTRODUCTION
East Kalimantan province is well known as one of the
biggest coal-mining regions in Indonesia. This mining
activity has contributed to the economical development of
the province and Indonesia in general. However, this
mining activity has also some negative impacts, especially
on the environment. One of the biggest issues was the
emerging of large coal ponds as a result of the mining
excavation causing further problems for the environment
and local society. To solve the problems, the use of the coal
ponds for fish culture has been intensively conducted. The
fish culture in the coal ponds has been conducted for a
decade (6-11 years). However, in the last three years,
another new problem arise from the fish culture in this coal
ponds such as the high number of fish death, the slow
growth of the freshwater fish and the worse fish condition.
Generally, fishes will be dying in the large number after the
hard rain due to the changes of the water quality leading to
the stress fish-condition. Unfavorable environmental
conditions, such as changes in water temperature, water
quality, dissolved oxygen, pH, and the density of fish, have

effects on the fish growth and condition. Choresca et.al
(2010) has reported that stress is one of the causes of
catfish death in the displayed aquarium. Furthermore, the
high density of fish will cause the unsuitable environment
condition for fish itself but it will lead to the overwhelmed
growth of certain parasites (Omeji et al. 2011). In the fish
culture, most parasites cause serious disease outbreaks.
Parasites are organisms that live on other organisms for
food purposes. Parasites can reduce the sale value of the
fish, because it can damage the skin, flesh, and the
condition of the fish. Parasitic infections and diseases are
some of the factors that hamper the productivity of fish
culture (Kayis et al. 2009). Some parasites live inside the
host's body and some other parasites living outside the host
body. Generally, ectoparasites that live in the body of fish
are a class of Protozoa and flatworms Monogenea. This
parasite attached to the host for life and take nutrients from
the host. Based on the location of ectoparasites, certain
species such as Ciliate and Monogenea class can only live
on the gills, while other parasites species prefer to live on
the skin and fins of fish (Bruno et al. 2006). Parasites can
be a limiting factor for the development of fish farming. It
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happens due to fish parasites affect the fish growth by
inducing diseases causing to the low number of fish
production. These also lead to the high production cost
especially for disease control so that it will reduce the
profits of fish farmers (Pantoja et al. 2012).
The parasitic infection can cause the irritation and sores
on the fish organ which further triggers the easier
introduction of microbes into the body of fish. Therefore,
objectives of this study were to identify the types and
prevalence of ectoparasites in the fish cultured in the coal
ponds. The results of this study are expected to be useful as
a reference and additional information for preventing
parasitic infection in cultured fishes from coal ponds in
East Kalimantan.

MATERIALS AND METHODS
Fish samples
The fish material used in this study were carp and
tilapia with the body's weight around 20 to 30 grams. These
samples were taken in two different location of coal ponds
in Kutai District, East Kalimantan Province. Fish sampling
was conducted from January to March 2016. In the first
pond's location, both carp and tilapia have been intensively
cultured for eight years while the second ponds have
cultivated those fish types for four years. The total number
of fish samples were 160 individuals consisting of 40
individuals in each fish types in each different pond
location.
The preparation of ectoparasites observation in fish samples
Before ectoparasites observation, performances of fish
samples (carp and tilapia) were intensively observed such
as the movement activity and the swim pattern one by one.
Afterward, fish samples were immediately killed by
entering the probe into the nostril to destruct its brain. In
the death condition, the condition and the anatomical
pathology of the outside organ of fish samples were
observed. Anatomical pathology observations were
conducted by observing the changes in shape, color, and
organ consistency in all outside organs of the fish.
Furthermore, the preparation of parasites of the fish was
done by scrapping each external organ of the fish, such as
the mouth, eyes, gill cover, or operculum, fins, tail, skin
and gills. Each result of scrapped organs has peered on the
glass preparations, which were directly added a
physiological NaCl 0.85% or stained with Giemza 7% and
were then dried at the room temperature. Afterward,
prepared samples were dropped by Giemza for 30 minutes
and rinsed with aquadest followed by drying samples at the
room temperature. The preparations were then observed
under a microscope. The identification of parasites in carp
and tilapia were determined by the shape characteristics,
morphological performances, and the type of habitat based
on the published description by Lom and Dykova (1992)
and Klinger and Floyd (2016).
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RESULTS AND DISCUSSION
The type of ectoparasites
Results of this study showed that ectoparasites found
from fishes cultured in the coal ponds were Protozoa and
worm Monogenea. Group protozoan infecting carp and
tilapia was Trichodina, Ichtyopthirius multifilis, and
Oodonium, while Epistylis was only found in carp.
Monogenea parasites found in the ectoparasite observation
were Dactylogyrus and Gyrodactylus. Both parasites were
found in carp and tilapia (Table 1). The other found
parasites such as Trichodina, I. multifilis, and Epistylis
included in the phylum ciliates (Klinger and Floyd 2016) or
Ciliophora (Lom and Dykova 1992). Oodonium, or also
known as Dinoflagellata, including the phylum of
Sarcomastigophora as part of Zoomastigophora class (Lom
and Dykova 1992). Dactylogyrus and Gyrodactylus were
categorized as monogenic trematode or monogenea worms
(Klinger and Floyd 2016). A specific host of the fish
correlated with parasites, habitat (freshwater, brackish and
marine), along with the water temperature and other
environmental conditions, can also be used as an additional
indicator in the identification of parasites (Bruno et al.
2006). The level of prevalence and intensity of attacks from
a parasitic infection related to the changes of seasons and
fish species as the host (Koyun 2011).
Ichtyopthirius multifilis possesses a very dark in body's
color because it has thick cilia covering the entire cell body
and has an active movement known as amoeboid. Based on
the shape of macronucleus (a great shape of the nucleus), it
is identified that the macronucleus of I. multifiliis has the
same shape like a horseshoe. Another identified parasites
infecting the fish samples, Trichodina, is one of the most
common ciliates. Trichodina usually has a discoidal body
shape like a hat although the shape can be varied (Bruno et
al. 2006). Ciliate Epistylis is attached to the skin or fins of
the host. Epistylis becomes the greatest concern of all other
Ciliate because it can secrete proteolytic enzymes causing
worse injury of the host. Furthermore, it can easily
facilitate the invasion of bacteria at the site of attachment
(Klinger and Floyd 2016). Another type of parasites,
Oodinium have flagella which are found on the skin, gills,
and eyes. Oodinium is Dinoflagellata with two flagella.
Interestingly, one of flagellum extends transversely around
the cell and generally attacks the gills and skin (Lom and
Dykova 1992). Monogenea trematodes, also called
flatworms or flukes, generally attacks the gills, skin and
fins. Monogenea has a direct life cycle (without an
intermediary host). Interestingly, they had the specific site
of attachment to hosts. Specifically, some of the adult
worms could be permanently attached to one site of the
host. While another type of Monogenea trematodes,
Gyrodactylus do not have eye spots (eyespots), but having
two pairs of hooks anchor (anchor hooks) which is
commonly found on the skin and fins of fish. Dactylogyrus
has eye spots between 2 and 4, a pair of large anchor
hooks, and a layer of eggs (Klinger and Floyd 2016).
Commonly, Monogenea is parasites which cause a big
economical problem due to it can injure the skin or gills of
cultured fish (Borji et al. 2012).
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The location of parasites in the fish
Most parasites which infected most carp samples were
Trichodina and I. multifilis, especially found in the 1st coal
pond. Parasitic infections in the fish were likely to increase
when water conditions changed. The anatomical pathology
of fish retained in the 1st pond apparently showed in worse
performances compared to those in the 2 nd pond. The
anatomical pathology of fish from the 2nd pond was likely
in good condition even though some fish showed in poor
condition (Table 1). Parasites infecting on other organisms
for food purposes would actively interfere the host, which
lead to the injured organ of the host. The fish showing
severe performances of anatomical pathology had the high
number of parasite infection especially from protozoa class
such as I. multifilis, Trichodina, and Oodonium. The obvious
impact of these parasite infections in the fish was the outer
part damage, such as gills, eyes, fins and skin. The parasitic
flatworms found in the gills were Dactylogyrus and
Gyrodactylus. Of those parasitic flatworm infections, it shows
that the condition of the fish was not in good performances,
such as scales or skin dull or missing, fins and gills reddish
and torn, as well as gills reddish and dirty. These become
favorable conditions for the bacteria as a way to enter the body
of the fish. I. multifiliis infection on tilapia, for example, showed
the high number of the death rate (60.40%) after the bacteria
(F. columnare) was exposed in the infected fish compared
to that in unexposed parasite infection of the fish (control)
(29.10%). The high expenses of fish attacked and infected
by F columnare and I. multifiliis were 13-17 times higher than
the fish that was not infected with parasites (Xu et al. 2014).
Based on obtained results, ectoparasites was mostly
found on the skin, the entire surface of the body, as well as
on the fins and gills of fish (Table 1). I. multifiliis parasites
were found on the gills and skin of fish, while Trichodina
sp. was found on the skin and fins (Omeji et al. 2011).
Epistylis was found on the skin and fins of fish (Lom and
Dykova 1992). Some epithelial tissue damage found in the
gills and skin of fish was caused by the development of the
parasite through the skin and gills of fish during the
infection (Raissy and Ansari 2012). Parasites can infect the
gills, eye damage, and internal organs, hunger, the swim
bladder inflammation, as well as the inhibition of the
oxygen exchange at the gill lamella (Pantoja et al. 2012).
Oodinium infection can injure skin tissues, which
commonly found on the outer surface erosion, dislocation
of muscle fibers, as well as shrinkage and atrophy due to
the development of parasites, required a large space
between muscle fibers (Khalil et al. 2012). The location of
parasitic infection in or on a host is also important, because
some parasites are only found in organs or specific tissues
(Bruno et al. 2006). Parasites can be an obstacle in the fish
culture, because it can inhibit the growth of fish. Moreover,
it can also cause disease, and cause the abnormal performance
of the fish's body, lead to the harmful risk of the fish. The
protozoan parasite commonly found in the fish culture will
cause the economical losses of fish culture.
The prevalence and intensity of parasite attacks
Results showed that Trichodina found in the carp has
the highest prevalence amongst parasites obtained in the

1stponds which gave 100% with the attacked intensity
around 5.5 parasites/fish, followed by tilapia from the 1 st
pond, carp from the 2nd ponds, and tilapia from the 2nd
ponds. The prevalence of parasites I. multifilis found in
carp from the 1st pond was 55%, while tilapia was 50%.
Both parasite prevalence is quite high because more than
50% of the fish was infected by the parasite. Thus it will
increase the risk of contagion. The average prevalence of
parasites in carp or tilapia from the 1 st pond is high
compared to the second pond fish which in line with the
intensity of attacks (Table 2, Figures 1-2). The existence of
parasites in fish should be concerned. If the water quality is
low, it can affect the health conditions of fish, so that the
fish was infected with parasites or bacteria that was already
presented in the fish. Therefore, it would easily occur
parasitic or bacterial infection. Parasites in fish may cause
health problems and if a number of parasites was in
abundance, it will cause the organ damage in the gills and
cause anemia.
The low intensity of parasitic infection has no harmful
effect on the fish. However, it will turn to serious damage
to the fish if there were a high-stress environment and the
worse quality of water. It happens because in that
conditions, parasites will multiply rapidly leading to the
serious damage of fish (Hoai and Van 2014). The intensity
of D. spinicirrus infection was influenced by seasons. The
prevalence and intensity of parasites attacks were higher
when the season fluctuation which can be seen from the
increased level of water temperature (Mbokane et al. 2015).
Prevention and treatment of parasitic infections in the fish
will reduce the direct damage of the fish due to the reduced
number of parasites will decrease the number of mortality
due to the secondary bacterial infection (Xu et al. 2015).
Based on the percentage of prevalence, it shows that the
percentage of parasites in the first coal pond was higher
than those in the 2nd pond, due to the longer use of the first
pond for fish culture. It might happen due to the water used
for fish farming in the 1st pond had no good water
circulation so that the water become stagnant and increase
during the rainfall. The same water conditions commonly
caused parasites being life persistence as long as its host
still survived. Moreover, most of the fishes cultivated in the
coal ponds could not be yielded due to some fishes could
pass through the trapping cage in the coal ponds. These
conditions might lead the increased number of parasites if
the coal ponds were used for a long time as fish farming.
The parasite population will significantly increase again if the
fish as a host of parasites experienced the stress condition
especially the changes of water quality in the rain season.
Based on the obtained results in this study, it can be
concluded that the types of parasites which infected the fish
samples (carp and tilapia) cultivated in the coal ponds was
a class of Protozoa and worms monogenea. Protozoa found
in the tilapia was Trichodina, I.multifilis, and Oodonium,
while Epistylis was only found in carp. Monogenea found
in the fish samples were Dactylogyrus and Gyrodactylus.
The prevalence and intensity of parasite attacks were
highest in fish which was cultivated in coal ponds used as a
fish culture for eight years, compared to those new pond
used as a fish culture for four years.
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Table 1. The type of parasites and the pathological condition of fish cultivated in the coal ponds in East Kalimantan, Indonesia

Ectoparasites
Trichodina
Ichtyopthirius
multifilis
Oodonium
Epistylis
Dactylogyrus
Gyrodactylus

The total number of parasites
The pathological anatomy
1st pond
2nd pond
1st pond
2nd pond
Carp Tilapia Carp Tilapia
Carp
Tilapia
Carp
Tilapia
Skin, fins, gills 220
90
152
30
Loose scales, fins,
Torn fins,
Pale gills, fins Pale
and gills damaged
scales off
torn and bloody gills
Gills, fins
50
44
26
8
Gills and tail fin
Pale gills, fins Normal
Normal
white speckled
mottled white
Skin, gills,
24
12
10
4
Gills bleeding and
Red eye
Red eye
Normal
eyes
red eyes
Skin, fins
180
0
12
0
Scales loose,
Normal
Normal
Normal
damaged fins
Gills
50
100
40
28
Bleeding gills and
Pale gills
Pale gills
Normal
gill cover damaged
Skin, fins, gills 110
80
28
14
Scales loose, damaged Pale gills
Normal
Normal
fins, gills bleeding
The attacking
site on the fish

Table 2. The prevalence and attacked intensity of parasites in the fish cultivated in the coal ponds in East Kalimantan, Indonesia

Type of parasites
Trichodina
Ichtyopthirius multifilis
Oodonium
Epistylis
Dactylogyrus
Gyrodactylus
Average

The location of
parasites
Skin, fins, gills
Fins, gills
Skin, fins, gills
Skin, fins
Gills
Skin, fins, gills

The percentage of prevalence (%)
1st pond 1
Carp
Tilapia
100
85
55
50
40
20
40
0
40
50
30
40
59.17
40.83

2nd pond
Carp
Tilapia
75
60
30
30
20
10
20
0
40
45
30
20
30.00
27.50

The number of attacked intensity
(parasite individual/ fish number)
1st pond 1
2nd pond
Carp
Tilapia
Carp
Tilapia
5.50
2.65
5.07
1.25
2.27
2.20
2.17
0.67
1.50
1.50
1.25
1.00
3.75
0
1.50
0
3.13
2.50
2.44
1.56
9.17
2.33
1.75
1.75
4.22
2.83
2.47
1.04

Figure 1. The type of parasites on the carp and tilapia found in the 1st pond (P1) and 2nd pond (P2)
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Figure 2. The type of parasites on the carp and tilapia found in the 1st pond (P1) and 2nd pond (P2) observed under a microscope. A.
Trichodina, B. Ichtyopthirius multifilis, C. Oodonium, D. Epistylis, E. Dactylogyrus, F. Gyrodactylus.

ACKNOWLEDGEMENTS
Extend thanks to the Office of Marine and Fisheries of
Kutai District, East Kalimantan Province, Indonesia for the
kindly assistance and cooperation.

REFERENCES
Borji H, Naghibi A, Nasiri MR, Ahmadi A. 2012. Identification of
Dactylogyrus spp. and other parasites of common carp in northeast of
Iran. J Parasit Dis. 36 (2): 234-238.
Bruno DW, Nowak B, Elliott DG. 2006. Guide to the identification of fish
protozoan and metazoan parasites in stained tissue sections. Dis
Aquat Organ 70: 1-36.
Choresca CH Jr, Gomez DK, Han JE et al. 2010. Molecular detection of
Aeromonas hydrophila isolated from albino catfish, Clarias sp. reared
in an indoor commercial aquarium. Korean J Vet Res 50 (4): 331-333.
Hoai TD, Van KV. 2014. Efficacy of praziquantel against external
parasites infecting freshwater fish. J Sci Dev 12 (5): 711-719.
Kayis S, Ozcelep T, Capkin E et al. 2009. Protozoan and metazoan
parasites of cultured fish in Turkey and their applied treatments. Isr J
Aquacult-Bamid 61 (2): 93-102.
Khalil B, Bilqees FM, Perveen F et al. 2012. Tissue damage in fish of
Otolithes argenteus infected with Oodinium sp. skin from Karachi
coast. Proc Parasitol 53: 7-17.

Klinger RE, Floyd RF. 2016. Introduction to freshwater fish parasites 1.
CIR716. Institute of Food and Agricultural Sciences, University of
Florida. edis.ifas.ufl.edu. [3 September 2016].
Koyun M. 2011. Seasonal distribution and ecology of some Dactylogyrus
species infecting Alburnus alburnus and Carassius carassius
(Osteichthyes: Cyprinidae) from Porsuk River, Turkey. Afr J
Biotechnol 10 (7): 1154-1159.
Lom J, Dykova I. 1992. Protozoan parasites of fishes. Elsevier,
Amsterdam, The Netherlands.
Mbokane EM, Matla MM, Theron J et al. 2015. Seasonal dynamics and
occurrences of three Dactylogyrus species on the gills of three
cyprinids at Nwanedi-Luphephe dams in Limpopo Province, South
Africa. J Afr Zool 50 (2): 119-125.
Omeji S, Solomon SG, Idoga ES. 2011. A comparative study of the
common protozoan parasites of Clarias gariepinus from the wild and
cultured environments in Benue State, Nigeria. J Parasitol Res 2011:
1-8.
Pantoja MFW, Neves RL, Dias RDM et al. 2012. Protozoan and metazoan
parasites of Nile tilapia Oreochromis niloticus cultured in Brazil.
Revista MVZ Cordova 17 (1): 2812-2819.
Raissy M, Ansari M. 2012. Parasites of some freshwater fish from
Armand River, Chaharmahal va Bakhtyari Province, Iran. Iran J
Parasitol 7 (1): 73-79.
Xu DH, Shoemaker CA, La Frentz BR. 2014. Enhanced susceptibility of
hybrid tilapia to Flavobacterium columnare after parasitism by
Ichthyophthirius multifiliis. Aquaculture 430: 44-49.
Xu DH, Shoemaker CA, Zhang D. 2015. Treatment of Trichodina sp.
reduced load of Flavobacterium columnare and improved survival of
hybrid tilapia. Aquaculture Reports 2: 126-131. elsevier.com. [3
September 2016].

B I O D I V E R S IT A S
Volume 18, Number 2, April 2017
Pages: 671-676

ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d180232

Short Communication:
Benthic macroinvertebrate diversity as biomonitoring of organic
pollutions of river ecosystems in Central Java, Indonesia
DWI NUGROHO WIBOWO1,♥, SETIJANTO2, SLAMET SANTOSO1
1

Faculty of Biology, Universitas Jenderal Soedirman. Jl. Dr. Soeparno No.63, Purwokerto, Banyumas 53122, Central Java, Indonesia. Tel.: +62-281638794, Fax. +62-281-631700, ♥email: dnwibowo_unsoed@yahoo.com
2
Faculty of Fisheries and Marine Sciences, Universitas Jenderal Soedirman. Jl. Dr. Soeparno, Purwokerto, Banyumas 53123, Central Java, Indonesia
Manuscript received: 2 August 2016. Revision accepted: 2 April 2017.

Abstract. Wibowo DN, Setijanto, Santoso S. 2017. Short Communication: Benthic macroinvertebrate diversity as biomonitoring of
organic pollutions of river ecosystems in Central Java, Indonesia. Biodiversitas 18: 671-676. Benthic macroinvertebrates are mainly
aquatic insects that spend most of their lives in the freshwater ecosystems. The physical, chemical, and biological conditions of rivers
have a direct influence towards aquatic insects (Ephemeroptera, Plecoptera, and Trichoptera EPT) which make them good indicators of
stream water quality. We examined the use of benthic macroinvertebrates diversity as a biomonitoring tool to assess organic pollution
levels in three rivers in Purwokerto city during March to October 2011. Our objective was to test the sensitivity of benthic
macroinvertebrates especially Ephemeroptera, Plecoptera, and Trichoptera (EPT) diversity to organic pollution levels reflected by
biological oxygen demand (BOD) concentrations. A total of 27 sites with different BOD levels were surveyed in three different rivers
(Logawa, Banjaran, and Pelus) during the period of March to October 2011. The results revealed no correlation of benthic
macroinvertebrate diversity (EPT index) to BOD levels. It could be concluded that in the use of EPT index as bioindicators of waters
condition, the number of samples, sampling time, and location should be considered.
Keywords: Benthic macroinvertebrates, biomonitoring, diversity, organic pollution

INTRODUCTION
Purwokerto is a medium town and capital of Banyumas
District. It is geographically located at Southwest of
Central Java Province, Indonesia. Settlement growth of this
town was very high resulting in the high conversion of
open area or green space area into settlement area. This
condition leads to the elevation of organic waste product
disposal on the rivers crossing this town. Three rivers flows
through the city are Pelus in the East, Banjaran in the
Middle, and Logawa in West part of the city (Figure 1).
Those rivers are suspected of having contamination of
organic materials derived from household waste (Wibowo
and Setijanto 2011). These activities have imposed stress
on flowing water ecosystems (Ellias et al. 2014). It is
unlikely that there is a substantial number of freshwater
bodies remaining that have not been irreversibly altered
from their original state as a result of anthropogenic
activities (Selvanayagam and Abril 2014).
Aquatic macroinvertebrates or benthic macroinvertebrates are mainly aquatic insects that spend most of
their lives in the freshwater ecosystems. Aquatic insects are
found ubiquitous in stream ecosystems, and present
throughout a wide range of environmental conditions
which make them a successful and appropriate model
group for investigation at different levels of the process,
including at the individual, populational, and also
community level (Heino and Peckarsky 2014). At multiple
spaces (spatial) and time (temporal) scales, the variation in

the structure and organization of the aquatic insect
communities are greatly influenced by abiotic
environmental conditions, biotic conditions, and dispersal
processes (Malmqvist 2002; Heino et al. 2003). The
physical, chemical, and biological conditions of streams
have a direct influence towards aquatic insects which make
them good indicators for stream water quality (Budin et al.
2007; Gerami et al. 2016; Kalyoncu and Zeybek 2011).
The three major orders of aquatic insects that can be found
abundantly in freshwater systems are Ephemeroptera,
Plecoptera, and Trichoptera (EPT) (Corona 2010). EPT is
considered as an essential taxonomic group due to its wide
range of distribution with high abundance and species
richness (Righi-Cavallaro et al. 2010). According to Bispo
and Oliveira (2007), EPT makes up a rich collection of taxa
in low and medium order streams which occur primarily in
clean and well-oxygenated water. The diversity and
composition of EPT which functions as indicator species
make them possible to determine the status of aquatic
system water quality (Che Salmah et al. 2001). EPT is
highly sensitive towards any anthropogenic and
environmental disturbances which allow them to become
excellent indicators in evaluating and accessing the water
quality of streams (Corona 2010; Myers et al. 2011). Thus,
EPT can be considered as the key aquatic insect orders as
they play vital roles in the aquatic ecosystems.
There is not much in the database of EPT in Indonesia
as compared to temperate regions. According to Susheela
et al. (2014), aquatic insects are usually overlooked and
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unfamiliar to the public. Because EPT has not been widely
examined in Indonesia ecological studies, this study could
provide baseline data for the records of EPT in Indonesia,
especially in Purwokerto. In tropical regions, previous
research had been done by Arman (2004) and Wahizatul et
al. (2011) in rivers in Malaysia. This study is expected to
provide more information for future research regarding the
composition and distribution of EPT communities in
tropical rivers. Apart from that, EPT has been used to
evaluate the water quality of freshwater ecosystems as EPT
is highly specific to environmental stressors, such as
temperature, anthropogenic disturbances, and pollutions
(Corona 2010).
Monitoring water quality by biological approaches
especially using EPT index has greater advantages compared
to physicochemical approaches, which are expensive and
require specialized equipment, and also biological approaches
provide better water quality predictions (Wibowo and
Setijanto 2011; Jun et al. 2012). The measurement of
biological parameters enables long-term prediction of
organic pollution levels, whereas physicochemical
measurement provides only short-term predictions.
Biological changes can be monitored by analyzing
structural changes in groups of benthic macroinvertebrates
in the river environment. If the river has a polluted or
damaged habitat, a decline in species richness and the
diversity index will happen, and more tolerant species will
become dominant (Flores and Zafalara 2012).
In Banyumas regions, rivers are usually polluted by
organic pollutant coming from surrounding area. The signs
of organic pollution were variety of biological oxygen
demand (BOD), total suspended solid (TSS), and turbidity
value. BOD is the amount of oxygen needed by bacteria to

decompose almost all suspended and dissolved organic
matter in the water. Waters experiencing environmental
stress due to organic contaminants have low BOD values.
The spatiotemporal change of water quality parameters
such as BOD could be attributed to the different
concentration of organic matter, within a water body at a
given point in time influenced the composition and
distribution of macroinvertebrates. The predators were
found to be highly associated with the elevated
concentrations of BOD (Ngodhe et al. 2014). Ishadi et al.
(2014) found that BOD has a negative impact on insect
macroinvertebrates (EPT) diversity in Kerian Basin River,
Perak, Malaysia. It means that BOD can be used as
environmental parameters of rivers pollutions.
Information about the relationships between benthic
macroinvertebrates especially EPT and organic pollution
levels in Indonesia is rare. Therefore, it is important to apply
these biological approaches to water quality monitoring in
aquatic ecosystems. Thus the objective of this research was
to determine any changes in the insect benthic macroinvertebrate
community (Ephemeroptera, Plecoptera, and Trichoptera)
in response to change in water quality (BOD) in 3 rivers in
Purwokerto regions during the study period.

MATERIALS AND METHODS
Study site
The research has been done on three rivers in
Banyumas regions (Banjaran, Pelus, and Logawa), during
March-November 2011. Locations and habitat description
were showed in Figure 1 and Table 1.

Figure 1. Study site in Purwokerto, Central Java, Indonesia, left to right: Logawa River (1), Banjaran River (2), and Pelus River (3)
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Table 1. Habitat description of three rivers in Purwokerto, Central Java, Indonesia
Rivers

Location

Latitude

Substrate

Landuse

Logawa

Sunyalangu
Sidabowa
Patikraja
Curug Gede
Beji
Bantarsoka
Kemutug
Pajerukan
Jatikoreh

7º23’08.7”S, 109º11’21.51”E
7º27’5.21”S, 109º12’8.32”E
7º29’3.02”S, 109º13’1.36”E
7º19’34.55”S, 109º13’14.49”E
7º23’40.65” S, 109º12’32.12”E
7º25’25.27”S, 109º13’19.17”E
7º40’1.17”S, 109º14’5.24”E
7º28’3.65”S, 109º18’9.35”E
7º38’7.95”S, 109º19’1.86”E

Stone
Stone
Stone, mud
Stone
Stone
Stone, mud
Stone
Mud
Mud

Forest, agriculture
Agriculture, settlement
Agriculture, settlement
Forest, agriculture
Agriculture, settlement
Settlement
Tourist area
Agriculture, settlement
Agriculture, settlement

Banjaran

Pelus

Sampling method
Benthic Macroinvertebrate was sampled from 27
locations with random distribution at the three rivers. Each
sampling was done in 3 locations of upstream, 3 locations
of the middle stream, and 3 locations of downstream to get
the reflection of organic pollutions level. Benthic
macroinvertebrates were collected using Surber nets and
extrapolated to total individuals/m2. It was assumed that
such a wide region of the survey could cover the majority
of stream types in Banyumas to understand how
macroinvertebrates are spatially distributed about
environmental factors. Organic pollution was measured by
BOD level. Species identification was performed at the
Fishery and Marine Department Laboratory in the Faculty
of Sciences and Technology and the Aquatic Biology
Laboratory and Ecology Laboratory in the Faculty of
Biology, Universitas Jenderal Soedirman, Purwokerto,
Central Java, Indonesia.
Data analysis
Benthic macroinvertebrates diversity was calculated
using Shannon-Wiener with the help of BD Pro 2 software.
To assess the sensitivity of macroinvertebrates (EPT)
diversity as bioindicators of water quality, the correlations
of H-index with BOD levels were calculated, and the
sensitivity of each approach was defined based on the
resulting R-square value. The EPT index was calculated
following the procedure of Shannon-Wiener Diversity
Index (H’) and the evenness (H max) was calculated using
PAST software.

(2013) at Pajowa River North Sulawesi.
In our study site, orders Ephemeroptera, Plecoptera,
Trichoptera, and Coleoptera are found at all part of three
rivers (upstream, middle stream, and downstream). These
results suggest that all rivers are still in good condition or
clean (Wahizatul et al. 2013). Correlation analysis of
physichochemical factors showed no significant correlation
(r2 = 0.036). Significant changes in macroinvertebrate
horde were primarily due to changes in water quality
(Sharma and Chowdhary 2011; Mustapha and Yakubu
2015). In this study, water quality has no significant
different in the sampling sites with that in the rivers ( F3.27 =
1.07, p = 0.669 ).
A number of species in river showed no significant
difference. The highest species richness in Logawa river is
found in station I (upstream) and station II (middle stream)
with seven species, and only five species are found in
downstream. In Banjaran River, the highest species
richness is in middle stream with six species and five
species are found in upstream and downstream. In Pelus
rivers, only five species are found in upstream and middle
stream and 4 species are found in downstream (Figure 3).
According to Jun et al. (2016), macroinvertebrate diversity
and abundance are signiﬁcantly influenced by physical
factors such as substrate composition, velocity, elevation
and size of stream and temperature. This study suggested
that substrate composition of upstream, middle stream, and
downstream were not different.

RESULTS AND DISCUSSION
Species richness and abundance
A total of 2,787 specimens were collected at 27
sampling stations during the survey, consisting of 11 order
of macrobenthos, 9 orders (86.6%) of class Insecta and the
rest is of Annelida and Mollusca (both 14.6%) (Figure 2).
The insecta consists of orders of Ephemeroptera,
Plecoptera, Trichoptera, Coleoptera, Neuroptera, Diptera,
Hemiptera, Zygoptera, and Megaloptera. In total, species of
Ephemeroptera and Plecoptera was very dominant (26.8%),
followed by Plecoptera (17.39%) and Coleoptera (10.1%).
This finding was in line with Wahizatul et al. (2014) who
have done research at Trengganu, Malysia and Leba et al.

Figure 2. Order composition of benthic macroinvertebrate in
three rivers in Purwokerto, Central Java, Indonesia
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Table 2. Macrobenthic orders in three rivers in Purwokerto, Central Java, Indonesia

I

Location
Banjaran
Replication
II

III

2
0
0
0
2
0
1
0
0
2
2
9
5

3
2
0
2
0
2
0
0
0
1
0
10
5

1
1
1
1
0
0
0
0
0
1
2
7
6

4.2
9.3
63
2

0.4
6.2
37
5

2
6.7
79
3

Logawa
Replication
II

III

Benthic macroinvertebrate
Ephemeroptera
2
Plecoptera
5
Trichoptera
2
Coleoptera
2
Neuroptera
1
Diptera
0
Hemiptera
0
Zygoptera
0
Megaloptera
1
Gastropoda
2
Annelida
0
Individual
15
Species
7

2
5
2
2
1
0
0
0
1
2
0
15
7

Environmental factors
BOD
0.8
Turbidity
0.91
TSS
43
EPT index
9

3.8
3.7
56
9

Orders
I

I

Pelus
Replication
II

III

1
1
1
1
1
0
0
0
0
0
0
5
5

3
1
0
2
0
0
0
1
0
2
0
9
5

1
1
1
0
0
3
0
0
0
1
0
7
5

3
2
0
2
0
0
0
0
0
2
0
9
4

6.6
9.9
88
3

2.1
0.42
12
4

2.8
2.2
14
3

3.2
6.5
29
5

Figure 3. Macrobenthic species richness from sampling stations
in three different rivers in Purwokerto, Central Java, Indonesia

Figure 4. Dispersal of macroinvertebrates order within and
between rivers in Purwokerto, Central Java, Indonesia

The distribution of benthic macroinvertebrates is
influenced by the interaction of habits, physicochemical
variables, structural and hydrological characteristics, and
by human activities (Romero et al. 2013). Dispersal of
aquatic insect communities is an essential process which
influences the river's conditions. Therefore, changes in
characteristics, habitat and environmental resources of
rivers can strongly influence patterns of spatial and
temporal distribution in benthic communities (Buss et al.
2004; Silveira et al. 2006). Our result showed that orders

Ephemeroptera, Plecoptera, Trichoptera, and Coleoptera
were found in all three rivers. Neuroptera was only found
in Logawa and Banjaran rivers, while Hemiptera and
Megaloptera were only found in Logawa river, Zygoptera
was only found in Pelus River. Ephemeroptera, Plecoptera,
Trichoptera, and Coleoptera were found in all parts of these
rivers. Diptera was found in upstream of Banjaran river and
middle stream of Pelus River. Megaloptera was found in
upstream and downstream of Logawa River and Hemiptera
was found only once in downstream of Logawa river

WIBOWO et al. – Biomonitoring of river pollutions using benthic macroinvertebrate

(Figure 4). These results showed that benthic
macroinvertebrates from insect orders have random
distributions along the rivers except four orders. Aquatic
insects have complex life cycles with distinct
developmental stages that differ in their requirements to
use aquatic and terrestrial habitats. Aquatic insects
generally have an immature stage confined to living,
feeding, and dispersing (e.g. drift or crawling) in the
aquatic environment. Adult stages for most aquatic insect
taxa are terrestrial. Instream dispersal is possible by
crawling, swimming, and drift during the aquatic stage
(Smith et al. 2009). Thus condition may affect the result of
this research.
The consistent dispersal of the macroinvertebrates in
three rivers in Purwokerto resulted in a very low EPT
index. In theory, the presence or absence of
macroinvertebrates in any given freshwater ecosystem is a
function of habitat quality, physicochemical parameters,
and the regional taxonomic pool (Suleiman and Abdullahi
2011). Consequently, a wide variety of freshwater habitat
and water chemistry offers the potential for a high diversity
of freshwater macroinvertebrates (Sharma and Chowdhury
2011). Macroinvertebrate communities at degraded sites
are characterized by either absence of any sensitive taxa or
presence of few if any; greater dominance of only a few
taxa; and larger numbers of macroinvertebrates that are
tolerant to pollution (Ellias et al. 2014). Indeed, no
relationship between the orders found and the degradation
of the water courses appears to support such contention.
Orders Ephemeroptera, Plecoptera, and Trichoptera can
still be found in impacted sites in Logawa, Banjaran, and
Pelus rivers. In conclusion, these results suggest that their
potential use of macroinvertebrates diversity, especially
Ephemeroptera, Plecoptera, and Trichoptera (EPT index) as
key indicators of water quality assessment for
biomonitoring programs, in this study, is still questionable.
This inconsistent result may be affected by some factors
such as numbers of the sample, sampling site, and time of
sampling.
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Abstract. Aminah A, Supriyanto, Suryani A, Siregar IZ. 2017. Genetic diversity of Pongamia pinnata (Millettia pinnata, aka. malapari)
populations in Java Island, Indonesia. Biodiversitas 18: 677-681. One of the promising tree species to be utilized as biodiesel legume in
Indonesia is malapari (Pongamia pinnata (L.) Pierre). The tree grows naturally along the North and South Coasts of Java Island.
Malapari is now subjected to an initial breeding program, but its population diversity in Indonesia is not known yet. The objective of
this study was to estimate genetic diversity in Java Island, namely populations of Carita, Batukaras, Kebumen, Alas Purwo National
Park and Baluran National Park. RAPD markers were used to study the genetic diversity using the following DNA primers: OPL-11,
OPAH-15, OPAO-01, OPAB-14 and OPAH-13. Results showed that DNA fragment lengths ranged from 250 to 1000 bp with a variable
number of polymorphic bands, ranging between 13-24. Based on these RAPD markers, the population in Baluran was considered as a
potential diversity center of malapari in Java, whereas the population in Kebumen was found to have the lowest genetic diversity. In
general, the average genetic diversity within an population was lower than that among the populations. Cluster analysis of genetic
similarity in five malapari population resulted in separation into two main clusters, the first group consisted of four populations (i.e.,
Carita, Batukaras, Kebumen and Alas Purwo). The other cluster was only one population only, namely Baluran.
Keywords: Genetic distance, malapari, Pongamia pinnata, population, RAPD

INTRODUCTION
Pongamia pinnata Merrill is one of potential trees for
biodiesel raw material sources found in Indonesia that is
distributed from the islands of Sumatra to Papua. In Java
Island, the tree grows along the North and South Coasts.
The tree has been used as biodiesel source in India, and is
being developed in Australia and the USA (Dwivedi et al.
2011 and Halder et al. 2014). The plant also has many
other uses from its roots, leaves, flowers, fruit to the
timber. The roots can be used as fish poison, and the leaves
are believed to cure cough and diarrhea (Oommen et al.
2000). Malapari seeds as a source of alternative fuel that
can be updated as bioenergy containing 30-40% oil, which
is rich in triglycerides. The wood is used for making
furniture and firewood. Remnants from oil presses are used
as feed for livestock and poultry as well as the production
of biogas. The flowers are good source of honey bee
production (Lakshmi et al. 1997). Pongamia pinnata is a
hermaphrodite (Syamsuwida, 2012), as stamens and pistils
are in one flower. The flowers have a chance to pollinate
themself (selfing), but generally, plants of tropical forests
do cross-pollination (outcrossing) with the help of insect
pollinators.
Although the reproduction system is already known, the
information on the genetic diversity of malapari in
Indonesia, especially in Java, is not available. There is,
however, already information on genetic diversity status of
malapari, but the information had resulted from populations

in India and Australia using different genetic markers.
(Pavithra et al. 2014; Jiang et al. 2012). One of the
techniques widely used to determine the genetic diversity
of plants is RAPD (Random Amplified Polymorphic
DNA). Despite many newly developed genetic markers, the
use of RAPD as genetic marker is still being preferred to
estimate quickly genetic diversity status.
RAPD technique is used for genetic diversity analysis,
because it is easy to conduct, inexpensive and quick in
obtaining the result, and DNA band polymorphism is
produced in large quantities (Tingey et al. 1994). However,
this technique has a disadvantage in amplification product
consistency (Jones et al. 1997). It can be overcome by
performing optimal extraction, conditioning PCR well and
selecting the appropriate primer. RAPD can also identify
the diversity within population and between populations
(Qian et al. 2001, Adam et al. 2002, Jena and Das, 2006).
The aim of this study was to estimate the genetic diversity
of malapari population in Java based on RAPD markers.

MATERIALS AND METHODS
Study area
The study area covered five natural malapari population
in Java Island, namely Banten Province (Carita Village),
West Java Province (Batukaras Village), Central Java
Province (Ambalresmi Village), and East Java Province
(Baluran National Park and Alas Purwo National Park) as
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presented in Figure 1. The number of tree samples,
geographical location and altitude of malapari population
are presented in Table 1.
Procedures
Malapari trees with pods bearing the seeds were
selected for leaves sample collection in each population.
Two to five leaves of each tree were cut and stored in a zip
plastic containing silica gel with a ratio of 1:5 (w/w). Leaf
samples were collected from 20 trees per population. The
collected leaves were dried in silica gel and stored at -20°C
until DNA extraction was performed following CTAB
(Cetyl Trimethyl Ammonium Bromide) method with slight
modification (Aritonang et al, 2007). RAPD primers used
in this study were based on the study conducted by Kesari

et al. (2011) where 10 primers were used with details as
presented in Table 2.
Data analysis
Analysis of PCR results was scored and translated into
binary data based on the presence of the band where value
of 0 (zero) is for no band and value of 1 (one) is for band in
a similar position of each compared. Data resulted were
processed using POPGENE 32 software version 1.31 (Yeh
and Yang 1999). Dendrograms were created using
UPGMA (Unweighted-Pair Group Method Arithmetic)
method with NTSYS (Numerical Taxonomy and
Multivariate System) program version 2.0 (Rohlf, 2008)
and STRUCTURE version 2.3.4 (Pritchard et al. 2011).

1

2

3
5
4

100 Km

Figure 1. Location of sampled materials for genetic analysis from western to eastern Java, Indonesia. 1. Carita, 2. Batukaras, 3.
Kebumen, 4. Alas Purwo, 5. Baluran

Table 1. Number of tree samples, geographical location of population and altitude
Location of population
Carita, Pandeglang, Banten
Batukaras, Pangandaran, West Java
Ambalresmi, Kebumen, Central Java
Alas Purwo, Banyuwangi, East Java
Baluran, Situbondo, East Java
Note: asl. = above sea level

No. of samples
20
20
20
20
20

Latitude

Longitude

6º16'19" S
7°44'55" S
7°47'58" S
8°39’26” S
7°55'07" S

105º49'45" T
108°29'51"T
109°43'39" T
114°21’39” T
114°25'18"T

Altitude
(m asl.)
0-5
0-22
8
15
0-1

Table 2. RAPD primers used in this study
Primer sequence
(5’-3’)
OPL 11
ACGATGAGCC
OPAH 15
CTACAGCGAG
OPAO 01
AAGACGACGG
OPAB 14
AAGTGCGACC
OPAH 13
TGAGTCCGCA
OPC 07
GTCCCGACGA
OPAN 01
ACTCCAGGTC
OPAP 20
CCCGGATACA
OPAP10
TGGGTGATCC
OPAB01
CCGTCGGTAG
Remarks: n.a = no stable amplification products
Locus

T Annealing (oC)

Length (bp)

33 (29-39)
33 (26-36)
33 (29-39)
37 (30-40)
37 (32-42)
33.9 - 43.9
27.2 - 37.2
27.6 - 37.6
27.8 - 37.8
31.0 - 41.0

250-1000
300-850
300-800
350-900
450-1000
n.a
n.a
n.a
n.a
n.a

No. of
detected polymorphic bands
14
13
20
18
24
n.a
n.a
n.a
n.a
n.a
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RESULTS AND DISCUSSION
Molecular characterization was conducted using ten
primers to quantify the genetic diversity of malapari in Java
Island. However, among the primers, only five gave good
amplification and stable band pattern.
Suitable
temperatures for those primers were at 33 oC and 37oC.
Basepair length ranged from 250 to 1000 bp with the
number of polymorphic bands varied, ranging between 1324. Different primers showed variations in the ability to
detect the effective polymorphism between population
malapari in Java Island.
The genetic diversity of malapari in Java Island varied
between population (Table 3). In Table 4, the Baluran
population had the highest value for all parameters, i.e.,
PLP (84.27%), Na (11.8427), Ne (1.5764), He (0.3183) or I
n
(0.4647). It indicates that the Baluran population was
possibly as one of the diversity centers of malapari in Java
Island. In contrast, Kebumen population had the lowest
value of all genetic diversity parameters, i.e., PLP
(59.55%), Na (1.5955), Ne (1.3455), He (0.2024) and I
(0.3038). It indicates that the Kebumen population may
have originated from the same or limited malapari parent
trees.
The dendrogram (Figure 2) shows the separation of the
five malapari population into two main groups. The first
group formed three subgroups, where the population of
Carita and Batukaras were independent each other, while
the population of Kebumen and Alas Purwo were clustered
into one group. The other group consisted of one
population only, i.e., Baluran. This is possible, because
only one Baluran population existed in the North Coast of
Java Island, while the other four population were on the
South Coast of Java Island. The Kebumen and Alas Purwo
population had the closest level of relationship.
In general, the genetic distance between population did
not correspond with geographical distance in some species;
this depends on nature and artificial factors involved in
shaping the genetic structure of species population
(Stankiewicz et al. 2001). On the other hand, the ecological
origin and geographic factors have limited role. Despite
this, variation in genetic diversity within the species is
typically associated with geographic range, reproduction
system, mating systems, seed dispersal and fecundity
(Loveless 1992). In this study, the shortest genetic distance
was found for the Alas Purwo and Kebumen populations
(0.0602), indicating that the two populations have close
relationship; it is possible that the two populations
originated from the same source. The longest genetic
distance was between the Baluran and Carita populations
(0.0995). It suggests that the Carita population had unlikely
originated from the Baluran population. It also corresponds
to the longest geographic distance between Carita and
Baluran (1191 km), while the shortest distance was found
in between Batukaras and Kebumen (90 km) (Table 4).
The results of this study do not support finding from the
previous studies conducted by Schnabel and Hamrick
(1990) and Alpert et al. (1993), which stated that the
genetic distance is positively correlated with geographical
distance. However, Stankiewicz et al. (2001) stated that in
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general, the genetic distance between population may or
may not correlate with geographical distance between
population in some species, as it depends on the natural and
artificial factors involved in shaping the genetic structure of
population of these species. Julisaniah et al. (2008) stated
that mating between individuals with a close genetic
relationship has the effect on the increased homozygosity,
and vice versa if the mating between individuals within a
large genetic relationship that usually has the effect on the
increased heterozygosity. It may occur in malapari which is
a tropical plant species.
Table 3. Parameter values of genetic diversity in five malapari
populations in Java Island, Indonesia
Populatio

N

PLP
Na
Ne
He
I
(%)
Carita
20 70.79 1.7079 1.3857 0.2302 0.3481
Batukaras
20 64.04 1.6404 1.3573 0.2080 0.3126
Kebumen
20 59.55 1.5955 1.3455 0.2024 0.3038
Alaspurwo 20 64.04 1.6404 1.3542 0.2075 0.3128
Baluran
20 84.27 1.8427 1.5764 0.3183 0.4647
Average
20 68.54 1.6854 1.4038 0.2333 0.3484
Note: N: number of individuals, PLP: Polymorphic locus
percentage, Na: number of alleles observed, Ne: average number
of effective alleles, He: average gene diversity index, I: Shannon
index

Figure 2. Dendrogram of five population of malapari in Java
Island, Indonesia

Table 4. Genetic distance based on Nei’s Unbiased Measures and
geographical distance
Population Carita

Batukaras

Kebumen

Alas
Purwo
Carita
****
423G
474 G
1067 G
Batukaras 0.0793 g ****
90 G
683 G
g
g
Kebumen 0.0617 0.0661
****
594 G
Alas Purwo 0.0865 g 0.0805 g
0.0602 g ****
Baluran
0.0995 g 0.0807 g
0.0781 g 0.0726 g
Note: (g) is value of genetic distance and (G) is
geographical distance (km)

Baluran
1191 G
807 G
718 G
124 G
****
value of
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The tropical plant species such as malapari, is a crosspollinated species. Cross-pollinated plants have the
potential for gene flow as indicated by the high level of
genetic diversity within population (Loveless and Hamrick,
1984; Hamrick and Godt, 1989; Pither et al. 2003). The
results also showed the same finding that the genetic
diversity of each population was much higher than the
genetic diversity between populations (Table 5). The
average genetic diversity of malapari was 0.2333. This
value is higher compared with the same species at different
locations, that is in North Guwahati, Assam, India by 0.024
(Kesari et al. 2010). The genetic differentiation between
populations of malapari was 16.36%. It is lower compared
with the same species of study results of Kesari et al.
(2010) by 37.7%. The significant differences in genetic
variabilities may be caused by differences in sample
sources originating from seeds taken from limited number
of candidate plus trees from one region (Kesari et al. 2010),
whereas this study used sample sources from leaves of
mature trees located in five populations. The genetic
differentiation between population is possibly due to gene
flow and local selection (Bawa, 1998). Gene dispersal of
malapari is considered high (Nm > 2), as seed can disperse
for long distances, aided by coastal water movement
(curents, storm, etc.). In addition, gene flow by pollen
highly depends on the pollinating agent. Gene flow of
malapari in Indonesia may be larger than that in India,
because Indonesia is an archipelago with high wind speeds.

Irmayanti (2015) mentions that the same color or patterns
on the chart indicates that the population has in common
with respect to the genetic structure.

Population genetic structure
Results of the structure analysis showed that the number
of structure harvester dataset malapari best for the fifth
population is K = 2 (Delta K = 124.928). This shows that
the five populations can be divided into two clusters,
namely cluster 1 consisting of population from Carita,
Batukaras, Kebumen and Alas Purwo (black) and cluster 2
with only one population from Baluran (gray) (Figure 3).
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Table 5. Comparison of the average value of genetic diversity between malapari in Indonesia and India based on Nei analysis (1987)
Species

Location

Ht

Hs

Gst

Dst

Nm

Source

Carita, Batukaras, Kebumen, Alas
0.2789 0.2333 0.1636 0.0456 2.5565 This study
P. pinnata (malapari)
Purwo, Baluran
North Guwahati, Assam, India
0.038
0.024
0.377
0.014
0.828
Kesari et al. 2010
P. pinnata
Note: Ht: genetic diversity in all population; Hs: genetic diversity within the population; Gst: genetic differentiation; Dst: genetic
diversity between population; Nm: gene flow

Carita

Batukaras

Kebumen

Alas Purwo

Baluran

Figure 3. Structure of five malapari populations cluster 1 consisting of population from Carita, Batukaras, Kebumen and Alas Purwo
(black) and cluster 2 with only one population from Baluran (gray)

AMINAH et al. – Genetic diversity of malapari population

REFERENCES
Adam RP, Hsieh C, Murata J, Pandey RN. 2002. Systematics of Juniperus
from eastern Asia based on Random Amplified Polymorphic DNAs
(RAPDs). Biochem. Sys. Ecol 30: 23-24.
Alpert P, Lumaret RD, Giusto F. 1993. Population structure inferred from
allozyme analysis in the clone herb Fragaria chiloensis (Rosaceae).
Am. J. Bot 80:1002-1006.
Aritonang KV, Siregar IZ, Yunanto T. 2007. Manual for forest plant
genetic analysis. Laboratory of Silviculture, Faculty of Forestry,
Bogor Agricultural University. Fakultas Kehutanan IPB, Bogor.
[Indonesia].
Bawa KS. 1998. Conservation of genetic resources in the
Dipterocarpaceae. In: S Appanah and MJ Turnbull (eds,) A Review
dipterocarps. Taxonomy, ecology and silviculture. CIFOR, Bogor,
Indonesia.
Dwivedi G, Jain S, Sharma MP. 2011. Pongamia as a source of biodiesel
in India.
Smart Grid and Renewable Energy 2: 184-189.
doi:10.4236/sgre.2011.23022
Halder PK, Paul N, Beg MRA. 2014. Prospect of Pongamia pinnata
(Karanja) in Bangladesh: A Sustainable Source of Liquid Fuel.
Journal of Renewable Energy Volume 2014 (2014), Article ID
647324, 12 pages http://dx.doi.org/10.1155/2014/647324
Hamrick JL, Godt MJW. 1989. Allozyme diversity in plant species. In:
Brown AHD, Clegg MJ, Kahler AL, Weir BS (eds.) Plant population
genetics, breeding and genetic resources. Sinauer Associates,
Sunderland, Massachusetts.
Irmayanti L. 2015. Potential Mindi (Melia azedarach L.) Community
Forest as a Seed source: Genetic Variability Mother Tree, Fruit
Morphology and Seedling Growth. [thesis]. Institut Pertanian Bogor,
Bogor. [Indonesia].
Jena SN, Das AB. 2006. Inter-population variation of chromosome and
RAPD markers of Suaeda nudiflora (Willd.) Moq. a mangrove
species in India. African J. Agric. Res.: 37-42
Jiang Q, Yen SH, Stiller J, Edwards D, Scott PT and Gresshoff PM. 2012.
Genetic, biochemical, and morphological diversity of the legume
biofuel tree Pongamia pinnata. Journal of Plant Genome Sciences 1 3:
54-67. doi: 10.5147/jpgs.2012.0084.
Jones CJ, Edwards KJ, Castagiole S, Winfield MO, Sala F, Wiel C,
Bredemeijer G, Vosman B, Matthes M, Daly A, Brettsshneider R,
Bettini P, Buiatti M, Maestri E, Malcevschi A, Marmiroli N, Aert R,
Volckaert G, Rueda J, Linacero R, Vasquez A, Karp A. 1997. A
reproducibility testing of RAPD, AFLP and SSR markers in plants by
a network of European laboratories. Molecular Breeding3 5: 382-390.
Julisaniah NI, Sulistyowati L, Sugiharto AN. 2008. Cucumber (Cucumis
sativus L.) relationship analysis using RAPD-PCR and isozyme
methods. Biodiversitas 2: 99-102.

681

Kesari V, Sathyanarayana VM, Parida A, Rangan L. 2010. Molecular
marked-based characterization in candidate plus trees of Pongamia
pinnata, a potential biodiesel legume. Oxford Journals, Science &
mathematics, AoB Plants. doi: 10.1093/aobpla/plq017.
Kesari V, Rangan L. 2011. Genetic diversity analysis by RAPD markers
in candidate plus trees of Pongamia pinnata, a promising source of
bioenergy. Biomass and Bioenergy 7: 3123-3128.
Lakshmi K, Rao GM, Joshi MA, Suryanarayana MC. 1997. Studies on
Pongamia pinnata (L.) Pierre - as an important source of forage to
Apis species. Journal of Palynology 33: 137-48.
Loveless MD. 1992. Isozyme variation in tropical trees: patterns of
genetic organization. New Forests 6: 67−94.
Loveless MD and Hamrick JL. 1984. Ecological determinants of genetic
structure in plant populations. Annual Review of Ecology and
Systematics 15: 65-95.
Oommen S, Ved DK, Krishan R. 2000. Tropical Indian Medicinal Plants.
Oregon, USA.
Pavithra HR, Shivanna MB, Chandrika K, Prasanna KT, Gowda B. 2014.
Genetic analysis of Pongamia pinnata (L.) Pierre populations using
AFLP markers. Tree Genetics & Genomes 10: 173-188.
Pither R, Shore JS, Kellman M. 2003. Genetic diversity of the tropical tree
Terminalia amazonia (Combretaceae) in naturally fragmented
populations. Heredity 3: 307-313
Pritchard JK, Wena X, Falushb D. 2010. Documentation for
structure software: Version 2.3. United States of America (US):
University of Oxford
Qian W, Ge S and Hong DY. 2001. Genetic variation within and among
populations of a wild rice Oryza granulate from China detected by
RAPD and ISSR. Theor. Appl. Genet 102: 440-449.
Rohlf FJ. 2008. Numerical Taxonomy and Analysis System (NTSYSpc)
Version 2.0. Department of Ecology and Evolution State University
of New York, New York. [US].
Syamsuwida. 2012. Phenology of flowering and fruiting kemenyan and
malapari. Research Reports, Balai Penelitian Teknologi Perbenihan
Tanaman Hutan. Bogor.
Schnabel A, Hamrick JL. 1990. Organization of genetic diversity within
and among populations of Gleditsia triacanthos (Leguminosae). Am.
J. Bot 77:1060-1069.
Stankiewicz M, Gadamski G, Gawronski SW. 2001. Genetic variation and
phylogenetic relationships of triazine-resistant and triazinesusceptible biotypes of Solanum nigrum-analysis using RAPD
markers. Weed Res 41: 287-300.
Tingey SV, Rafalski JA, Hanafey MK. 1994. Genetic analysis with RAPD
markers. In: Coruzzi C, Puidormenech P (eds.) Plant Molecular
Biology. Springer-Verlag, Berlin.
Yeh FC, Yang R. 1999. POPGENE Version 1.31: User Guide Centre for
International Forestry Research. University of Alberta, Alberta,
Canada.

THIS PAGE INTENTIONALLY LEFT BLANK

BIODIVERSITAS
Volume 18, Number 2, April 2017
Pages: 681-688

ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d180234

Coral larvae spreading based on oceanographic condition in Biawak
Islands, West Java, Indonesia

1

CANDRA A. FITRIADI1,♥, YAYAT DHAHIYAT2, NOIR P. PURBA3,♥♥, SYAWALUDIN A. HARAHAP1,
DONNY J. PRIHADI1
Department of Marine Science, Faculty of Fisheries and Marine Science, Universitas Padjadjaran. Ged. Dekanat FPIK-UNPAD, Kampus Jatinangor, Jl.
Raya Bandung-Sumedang Km 21, Jatinangor, Sumedang 45363, West Java, Indonesia. Tel.: +62-22-87701519, Fax.: +62-22-87701519, ♥email:
candraaf@gmail.com
2
Department of Fisheries Management, Faculty of Fisheries and Marine Science, Universitas Padjadjaran. Ged. Dekanat FPIK-UNPAD, Kampus
Jatinangor, Jl. Raya Bandung-Sumedang Km 21, Jatinangor, Sumedang 45363, West Java, Indonesia
3
KOMITMEN Research Group, Universitas Padjadjaran. Ged. Dekanat FPIK-UNPAD, Kampus Jatinangor, Jl. Raya Bandung-Sumedang Km 21,
♥♥
Jatinangor, Sumedang 45363, West Java, Indonesia. email: noirpurba@gmail.com.
Manuscript received: 21 April 2016. Revision accepted: 3 April 2017.

Abstract. Fitriadi CA, Dhahiyat Y, Purba NP, Harahap SA, Prihadi DJ. 2017. Coral larvae recruitment based on oceanography
condition in Biawak Islands, West Java, Indonesia. Biodiversitas 18: 681-688. This research aimed to know the recruitment pattern of
planula in the Biawak Island. The dispersion of planula and corals recruitment as an important factor to determine the distribution of the
adult corals. The spawning and brooding are the beginning processes of planula dispersion. Dispersion factors are highly influenced by
water environment factors. The main factor in planula dispersion is sea currents, wind, tide, and bathymetry. The circulation of sea
currents on Biawak Islands waters is influenced by the tidal movement. The results of research showed that Biawak Islands waters have
mixed tide prevailing semidiurnal type of tidal movement. Currents of Biawak Islands waters moved from the northern toward the
southern with a range of speed between 0.045-0.075 m/s on northeast and south and for west and north range of speed of sea currents are
between 0.015-0.195 m/s, the sea currents movement of Biawak Islands waters was dominated by tidal movement. Biawak Islands have
varying wind speed, the most direction of wind moved to northwestern toward southeastern by predominance speed 4.8-7.2 m/s. The
results of research showed that planula on the Biawak Island moved to northern and northeastern at high tide and then moved to
southern and southeastern at a low ebb with the furthest movement of planula on the Biawak Island was 2.2 km. The furthest movement
of planula on the Gosong Island was 1.66 km and planula dispersed to the east and west region of Gosong Island, on the Cendikia Island
planula dispersed to northern and eastern with the furthest movement of planula on the Cendikia Island was 0.44 km. Based on the
movement of planula can be concluded that source of coral reefs on the Gosong Island derived from the coral reefs on the Biawak
Island.
Keywords: Planula, coral recruitment, currents, oceanography, Biawak Islands
Abbreviations: BIEXRE = Biawak Exploration and Research, TRAX = Technical Research and Expedition, MYSEA = Marine BioEcology Spatial Mapping, PODC = Padjadjaran Oceanographic Data Centre, DIKTI = Pendidikan Tinggi, UNPAD = Universitas
Padjadjaran, KOMITMEN = Kelompok Studi Instrumentasi dan Survei Kelautan, MPA = Marine Protected Areas .

INTRODUCTION
The coral reef is one of the complex ecosystems and
formed from solid calcium carbonate (CaCO3), which is
produced by mutualism symbiosis and other organisms that
secrete calcium carbonate. Coral reef lives on the coast or
areas that have to expose to light because to produce
photosynthesis. Generally, corals reproduce in two ways:
asexual and sexual. In sexual reproduction, ocean currents
play an important role in the fertilization process,
especially during spawning and planula phase (Richmond
1987; Roberts 1997).
In the spawning process, corals release ovum and sperm
into the water column and began fertilization process in a
few hours. The next step is planula floats and via ocean
currents find a suitable substrate. The recruitment process
means that planula will be attached to the substrate that is
eligible to support growth. This mechanism is an important
principle in maintaining and multiplying the adult

populations of marine organisms (Underwood and
Fairweather 1989; Hughes et al. 2000; Harii and Kayanne
2001). Planula will attach to the substrate of about 4 to 7
days after fertilization (Babcock and Heyward 1986;
Harrison and Wallace 1990), the range of planula’s
maximum resistance is 26 to 78 days (Lugo-Fernandes
2001) and depends on physical and chemical stress including
the ocean currents (Morgan 1995). Currents not only
spread the planula, but more function is to support oxygen,
food, the warm water for the manufacture of coral (Wood
1983). Currents is the movement of water resulting in the
horizontal and vertical displacement of water masses and
via atmosphere transfer the energy (Sverdrup et al. 1961).
This research focuses on spreading of planula in
Biawak Islands, Indramayu region. Biawak consists of 3
islands and locates in Java Seas. Ocean currents play
important role in this area affected by tides and monsoon
(Siregar et al. 2017). This research focuses on the process
of recruitment and will describe the main point of the three
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island where the starting point. In the long term, this
research will lead to Java Seas planula dispersal with
oceanographic input. This research use oceanographic
survey combine with an oceanographic model that lead to a
new description about planula in Biawak. Since 2006 this
island became MPA, and this research will lead the
dispersal of planula in Biawak Islands. These islands
become a remote island because of only <5 research found
in the literature. By this research, the local government will
have a guide to propose programs as we know the high
diversity in Biawak.
MATERIAL AND METHODS
Study area
This research conduct in Biawak Islands in the Java
Sea, Indramayu District, West Java, Indonesia with the area
for the coral ecosystem around Biawak Islands. Biawak
Islands is located in the north of Indramayu beach, or
06˚56’022” S and 108˚24’487” E. Several surveys were
done in two years in October 2014, April and May 2015.

We have eight plot of observation stationary refer to the
coral ecosystem existence all around (three islands (Table
1, Figure 1).
The Biawak Islands consisting Biawak Island (the main
island) Gosong Island, and Cendikia Island. These islands
became Local Marine Protected Area (MPA) since
2006. The condition of oceanography in the Java Sea is
affected by the existence of two monsoons, which are West
Monsoon (WM) and East Monsoon (EM). The average
deep of Java Sea is 40 meters and is located in South East
of Sunda shelf (Ahmad and Pariwono 2012). Purba and
Harahap (2013) found that bathymetry over Biawak Islands
ranges from 5-60 meters and currents with 0.17-0.32 m/s.
The corals component composer of Biawak Islands is
dominated by hard corals from Acroporidae family,
Faviidae, and Poritidae. A total of the genera found are 39
genera of 13 corals family. The biggest percentage of
Porites sp genus existence is 20,58%, Acropora sp 11,59%
and Diploastrea sp 9,15% (Darmasyah 2010; Nuriadi 2012;
Purba and Harahap 2013).

Figure 1. Map of Biawak Islands Biawak Islands, West Java, Indonesia and the coral distribution (source: Landsat TM 8)
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Procedures
Planula parameter and hydrodynamic initial condition
Several parameters used in this research consists of
some planula parameters and ocean hydrodynamic needed
for particle tracking model. As we know the oceanographic
condition that affects planula, we use tides, bathymetry,
winds, and ocean currents. These parameters become
hydrodynamics parameters that lead to simulation of
planula. The planula weight used from several types of
research because we do not have sufficient data. The
increasing of planula's weight each day can be seen from
the average volume of planula, maximum average volume
of planula, maximum weight average of planula, specific
weight average of planula with the assumption that all
planula species had weight, maximum weight, volume,
maximum volume, and the same specific weight. The
modeling duration is 15 days with the interval of one hour
per simulation for Biawak Island and seven days per season
with the interval of one hour per simulation for three
islands. Next, for modeling waters hydrodynamic research
territorial, the parameters used are wind, tide and ocean
bathymetric research territorial. Data used in this study can
be found in Table 2, Table 3 and Table 4.

Table 1. Position of planula source in Biawak Islands, West Java,
Indonesia
Island

Station

Biawak

1
2
3
4

Gosong
Candikian

Location
Lat. (S)
Long. (E)
05˚55’22.44” 108˚22’15.59”
05˚55’32.52” 108˚23’06.00”
05˚56’02.04” 108˚23’31.55”
05˚56’06.72” 108˚22’30.00”

1
2

5°52'349"
5°52'110"

108°24'143"
108°24'335"

1
2

5°47'544"
5°48'246"

108°25'414"
108°27'384"
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Simulation of planula distribution
Simulation process using particle tracking model where
the hydrodynamics combine with planula weight. This
simulation process used two steps to have the best
description of the pattern. The first is ocean hydrodynamic
model and the second scenario is combined growth of
planula's weight each day which has changed into the
growth of weight per second in which consists of planula
distribution formula coefficient vertically. Particle tracking
simulation technique used to display a movement or shift
and disperse of the particle by using Langevin's formula.
= a (t, )dt + b (t, )

dt

When the particle starts to move in the water stream,
the speed of particle will be increasing until it raises
constant speed. The end of speed depends on the particle
size and is explained in Stokes’ Law.
Ws = (Ps – ƿ).g.d²
18µ

Table 4. Oceanographic data and source
Parameter

Source

Bathymetry

http: //www.p3sdlp.litbang.kkp.go.id
http: //topex.ucsd.edu/marine_topo/
BIEX RE 1 2012
BIEX RE 2 2013
MYSEA Project 2014
www.ecmwf.int (June 2014-May 2015)
Tidal Model Driver (Egbert and Erofeeva
2002) (June 2014-May 2015)
http:
//coastwatch.pfeg.noaa.gov/erddap
(March 2012)
http: //glovis.usgs.gov/ (Landsat 8 OLI Juli
2015)

Wind
Tide
Currents
Corals Image

Table 2. Volume and 50% Survival Time of planula in Biawak Islands, West Java, Indonesia
Species
Acropora hyancinthus
Acropora latisela
Acropora digitifera
Acropora japonica
Acropora tenuis
Acropora solitaryensis
Acropora millepora
Acropora valida
Acropora gemmifera

Volume Planula (mm³)

50% survival time (day)

0.053
0.058
0.065
0.065
0.065
0.08
0.087
0.011
0.0115

21
4
10
14
25
14.21
14
16
14

Source
(Nozawa 2011)
(Graham et al. 2008)
(Nishikawa and Sakai 2005)
(Nozawa 2011)
(Nishikawa et al. 2003)
(Nozawa 2011)
(Baird 2001)
(Baird 2001)
(Baird 2001)
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Table 3. The average volume and maximum average volume of Agaricia in Biawak Islands, West Java, Indonesia
Parameter
Average volume (mm³)
Maximum volume (mm³)

Agaricia humilis
(mm³)
0.166
0.61

Coral recruitment
To predict coral recruitment area on Biawak Island, the
limitation of depth is used where the stopped planula is
assumed to have been settled at the ground sea substrate
with depth range used is about 5-25 meters.
The length of model simulation (15 days) based on the
average of 50% survival time of planula Acropora, coral
spawning time (Wijayanti 2012) and season (Munasik
2002; Kenyon 1992). The plot on the map not meant to
represent planula densities in the field, because one large
coral colony can release thousands of planula
simultaneously. The first planula settles after 7 hours at
depths 15 meters according to the result of the model. We
assumed planula who stop moving on the model have to
been settled at the ground sea substrate with the settlement
occurred 100% by assuming substrate in Biawak Island
waters has overgrown coralline algae.
Data analysis
Planula survival
For this model, we use 50% survival time data for the
duration of a model because of compability of the
computer in the simulation. Data volume used to figure on
volume the average density, weight, and addition weight
planula per day.
Hydrodynamic condition
The data used to model hydrodynamic are bathymetry,
tide and the wind. The currents and coral image used as
parameter additional to compare the model with reality.
RESULTS AND DISCUSSION
Condition of Biawak Island’s oceanography
According to tides, Biawak Islands have mixed tide
prevailing semidiurnal type. On the West Monsoon
(December-February) the highest tide reach the number of
0.38 m and the lowest ebb is 0.34 m, on the Monsoon
Transition 1 (March-May) the highest tide is 0.35 m and
the lowest ebb is 0.34 m while on the Monsoon Transition
2 (June-August) the highest tide is 0.36 m and the lowest
ebb is 0.3 m. Currents moved from the northern toward the
southern with a range of speed between 0.045-0.075 m/s on
northeast and south and for west and north range of speed
of sea currents are between 0.015-0.195 m/s, the sea
currents movement of Biawak Islands waters is dominated
by tidal movement. Biawak Islands have varying wind
speed, the most direction of wind move to northwestern
toward southeastern by predominance speed 4.8-7.2 m/s.
The influence of waves and currents that occur in areas of

Agaricia agaricites
(mm³)
0.860
2.4

Source
Godfried et al. 1983
Godfried et al. 1983

research in the waters of Biawak Island, Cendikia Island
and Gosong Island reaches a depth of up to 4 m. In this
research area moves from the current profile to the
bathymetry in shallow areas or the edge so that in this case
the current speed and wave height increased.
Planula dispersion pattern
The dispersion of planula that occurred on Gosong
Island and Cendika Island are moving to the west and north
and south and then back again to the starting plot (Figure
2). The dispersion of planula on the Biawak Island shows
that planula which came from the northern part of the
island were moving down to south through the eastern part
of the island, planula which came from the southern part of
the island were moving toward the south away from the
island and planula which came from west island were
moving to southeast away from the island. 24 hours after
the first modeling day (Figure 3) the planula moved from
the south to the northeast then moved towards the south
again and some of them moved towards the northeast, some
moved to the north (as shown by the arrow).
Planula from the Biawak Island moved to northern and
northeastern at high tide and then moved to southern and
southeastern at a low ebb with the furthest movement of
planula on the Biawak Island was 2.2 km. The furthest
movement of planula on the Gosong Island was 1.66 km
and planula dispersed to the east and west region of
Gosong Island, on the Cendikia Island planula dispersed to
northern and eastern with the furthest movement of planula
on the Cendikia Island was 0.44 km.
This movement of dispersion continued repeatedly each
interval modeling from the beginning until the end of
modeling or exactly for 15 days (after full moon). Some
planula moved toward the northeast out from the border of
modeling area, predicted planula from the Biawak Island
make the recruitment process of coral on the Gosong and
Candikian. The overall movement of planula on Biawak
Island can be seen in (Figure 4). A pattern of this
movement formed the wave up and down pattern that kept
rising over time.
Coral recruitment prediction area on Biawak Island
Based on the results of modeling in March 2015,
planula attached to the blacked area predicted will grow
into adulthood and form coral reef ecosystems. The range
depth planula that attaches to the floor of the waters is
between 2-25 m below the sea surface. The area prediction
A is 2.916 km² and for the area of prediction B is 1.614
km². The prediction An area depth range is between 0-42 m
below sea surface while the depth range of prediction B is
between 10-56 m below sea surface (Figure 5).
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Discussion
Based on result and simulation, we showed that planula
attached to the area came from the coral reef ecosystem in
the northern and eastern region of Biawak Island. So, the
presence of coral reef ecosystems in the northern and
eastern parts of the island is very important to preserve the
coral reef management. From surveys 2011-2015 with
visual transect, we found that most of the coral reef around
Biawak almost bleaching because of uncommon fishing
that affects the corals.

Figure 2. Planula dispersion in Biawak Islands, West Java, Indonesia
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Then, We suggest that DNA analysis between Biawak,
Gosong, and Candikian coral reef is the other research to
make the best conclusion. About the coral spawning, we
must require the formation of areas zone the nucleus for
ecosystem the coral reefs of the Biawak waters which the
research is in the northern part to the east of the Biawak
Island. Required advanced study parameters additional
such as salinity, sea surface temperature and predation to
planula survival. Biawak Island moved to northern and
northeastern at high tide and then moved to southern and
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Figure 3. Planula dispersion on in Biawak Islands, West Java, Indonesia on March (the first 6 days after full moon)

Figure 4. The overall planula dispersion movement on Biawak Islands, West Java, Indonesia
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Figure 5. The Coral Recruitment Prediction Area on in Biawak Islands, West Java, Indonesia. A. in the north side and B. in the south

southeastern at a low ebb with the furthest movement of
planula on the Biawak Island was 2.2 km. The furthest
movement of planula on the Gosong Island was 1.66 km
and planula dispersed to east and west region of Gosong
Island. On the Cendikia Island, planula dispersed to
northern and eastern with the furthest movement of planula
on the Cendikia Island was 0.44 km, considering planula
can wandering far away from their colony (Richmond
1985).
We did not incorporate biology and chemical factors in
our model because we were interested in the
hydrodynamics, the distance and pattern of planula
dispersal to predict where planula settling and not the
actual number of planula per species. Any evaluation of the
results of this study should note the assumptions made in
the model. Many factors can affect the number the
dispersed including a number of gametes and planula,
fertilization success and mortality rates. Mortality rates of
planula dependent on numerous factors that include
sedimentation (Gilmour 1999), water temperature (Nozawa
and Harrison 2007), predation (Baird et al. 2001) and
salinity (Vermeij et al. 2006), all of which complicate
realized larvae settlement and recruitment. Coraline algae
help planula to settle with inducing metamorphosis and

paste planula to resembling a natural environment (Morse
et al. 1996).
To informed decisions on how to effectively conserve
the remainder Biawak Island's coral reef, it is necessary to
determine planula dispersal movement among the northern
to the eastern island because planula who derived from the
northern and eastern part of the island dispersed to all
around the island. Biawak Island has two coral recruitment
prediction area, the area prediction A is 2.916 km² and for
the area of prediction B is 1.614 km². The biggest area
prediction apparent in the northern to eastern part the island
where coral reef density was also high (Oscar et al. 2014).
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Abstract. Vatani L, Hosseini SM, Akbarinia M, Shamsi S. 2017. Natural woody species biodiversity after Cypress (Cupressus
sempervirens var. horizontalis) reforestation in Hyrcanian Forest, North Iran. Biodiversitas 18: 689-695. The present study was
conducted to investigate the impact of Cypress (Cupressus sempervirens var. horizontalis) reforestation (15 years old ) on woody
species diversity comparison natural Hyrcanian forests. 9 sample plots with 20 × 20m area were taken in each stand by a random
systemic statistical method and also control area, then natural regeneration number of woody species were measured. Shannon-Wiener
for diversity index, Mechanic for richness index and Simpson for evenness index were calculated to evaluate species biodiversity, using
Ecological Methodology and SPSS software. The results showed that sixteen tree and shrub species were appeared in Cypress
understory naturally, that some of the species were rare. There was no significant difference between the diversity and richness index
obtained for Cypress reforestation and natural forest. Regarding the rate of evenness, only in one area was found a significant difference
was observed between Cypress reforestation and natural forest that in reforestation was more than natural forest (p<0.05). Regarding the
results obtained on the study, Cypress reforestation did not reduce the woody plant biodiversity until the age of fifteen years old and
findings of this investigation suggested that the conditions under the Cypress canopy might be suitable for the presence of some woody
species, 15 years after reforestation.
Keywords: Biodiversity, Cypress, Hyrcanian forest, reforestation, woody species

INTRODUCTION
Reforestations make up a considerable proportion of the
total forest area and identification of high biodiversity
value stands and of management practices to enhance
biodiversity is essential if the goals of Sustainable Forest
Management are to be achieved (Coote et al. 2013).
Biodiversity is a multiple concept comprising of genetic,
species and ecosystem attributes and it guarantees the
survival and sustainability of forest ecosystems and is used
as an index to compare ecological conditions of forest
ecosystems (Parthasarathy and Karthikeyan 1997).
Transformation is the greatest threats to biodiversity and
reforestations can restore biodiversity (Jairo et al. 2015).
These losses have had a substantial negative impact on
biodiversity due to a large number of forest species which
depend on oak and the environments oak-dominated forests
provide (Felton et al. 2016).
Reforestations become an increasingly ubiquitous land
use, intense debate surrounds the extent to which these
anthropogenic forests protect or degrade biodiversity
(Brockerhoff et al. 2008). Improved understanding of how
reforestations affect biodiversity and other ecosystem
services is critical to forming socially and ecologically
sustainable land-use policies (Goldman et al. 2008).
Rouhi-Moghaddam et al. (2011) reported that the
abundance and diversity of regenerated species in the
understory of mixed reforestations of an oak-nettle tree

were greater than those in a pure stand of oak and a mixed
one with maple. The percentage of canopy cover and litter
layer depth significantly showed a negative effect on their
abundance and richness. Mixed afforestation resulted in
significant effect in the development of succession in
natural forests with the presence of primary species in the
understories.
Moreover, changing the natural global forest whether
by completely loss or conversion to afforestation has a
considerable effect on biodiversity. Afforestation causes a
fundamental impact on ecosystem functions and structure
including negative variation micro-climate, production,
nutrient cycling and water balance which may
consequently affect biodiversity (Marquiss 2006).
Jéssica et al (2015) found that regardless of species
richness and composition, secondary forests and reforested
lands are functionally different from pastures, because of
secondary forests establishment by natural regeneration.
Reforestation in forest management may also produce
negative ecological impacts that should be considered, for
example, species associated with natural vegetation, at
local scales, tended to be higher in native forests and
shrublands than those in the regions planted with eucalypt.
In many countries, needle-leaf species is planted for
forest development and reforestation, which it has a
potential threat to the natural ecosystem and native species;
and the canopy opening for reforestation can alleviate this
risk (Paritsis and Aizen 2008); and richness index in
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reforestation with needle-leaf was less than of that in
natural needle-leaf stands (Amezaga and Onaindia (1997).
One of the methods to enhance the understory biodiversity
was planting a combination of softwood and hardwood
species (Deal 1997).
Enhanced biodiversity outcomes are expected with
reforestations that utilize indigenous tree species (Pejchar
et al. 2005; Carnus et al. 2006; Stephens and Wagner 2007;
Brockerhoff et al. 2008). In Iran, at least 20% of
reforestation in Northern forests has been planted by
needle-leave mostly dominated Cypress. But, as far as,
there is no research about the effect of Cypress
reforestation on the biodiversity compared to that of in
natural forests. Hence, the main purpose of this study was
to determine the effect of Cypress reforestation on woody
species biodiversity and we were interested to know that
does Cypress reforestation provide a good condition for
native species re-presence?
MATERIALS AND METHODS
Study area
Present work was conducted in 9 sites of 15 years-old
Italian Cypress reforestation in central’s part of Hyrcanian
forests, Northern Iran (Figure 1). It is worth to mention that
there are many hectares of lowland forests with an
elevation of 100 to 700 m, that dominated by Quercus
castaneifolia mixed together with Carpinus betulus, Acer
velutinum, Acer cappadocicum, Alnus glutinosa, and

Parrotia persica. Geographic information of studied areas
is shown in Table 1.
Average annual precipitation during last 20 years was
varied from 750 mm in Afratakht to 844 mm in Talukola
and the average annual temperature was varied from
14.7°C in Talukola to 16.4°C in Afratakht. According to
Dumartin's dryness coefficient, all studied areas are
considered as humid regions (Table 2). Nine plots (20 x 20
m2) were specified in each reforestation area and in natural
forests. Then all naturally grown woody species of each
plot were counted.
Table 1. Geographic information of studied areas
Studied
areas
Talukola
Afratakht
Nodeh

Latitude

Longitude

Altitude (m)

36° 27´ 31˝
36° 28´ 30˝
36° 22´ 44˝

53° 06´ 02˝
52° 58 ´ 36˝
53° 10 ´ 00˝

350
410
515

Table 2. Meteorological information of the three studied areas
Studied
areas
Talukola
Afratakht
Nudeh

Average
annual
precipitation
(mm)
848
750
874

Average
annual
temperature
(℃)
14.7
16.4
15

Dumartin΄s
dryness
coefficient
34.4
28.4
31.3

Figure 1. Map of Mazandaran Province, located in north of Iran, showing geographical origins of the three locations, Talukola,
Afratakht and Nodeh
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Data analysis
Shannon-Wiener diversity index (H') is most sensitive
to the rare species in the community (Dougall and Dodd
1997). It is mathematically calculated by following formula
and was used to determine diversity:
s

H ′ = − ∑ p i ln p i

(1)

i=1

Where, H is the Shannon-Wiener function
(bits/individual) and S and ρi are the numbers of species
and relative proportion of the species, respectively.
The amount of evenness (evenness index), V’, was
computed by Simpson index, D and Simpson maximum's
diversity, Dmax which is equal to 1/s (S is the number of
species) as following formula:

V ′ = D Dmax

(2)

Richness index was mathematically calculated by
below formula:

R2 = S

N

(3)

Where, R2, S and N are Menhenic richness index, the
number of species and abundance of all species,
respectively.
After grouping and rearranging the data, index of
diversity, richness, and evenness were calculated using
Ecological Methodology Software version 7.2 (Krebs
1998). Based on biodiversity, richness and evenness
indexes, differences between Italian Cypress reforestation
and natural hardwood stands were analyzed by using
Sample T Test at SPSS version 19.
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hornbeam, Persian silk tree, cherry, date plum,
pomegranate, common medlar, hawthorn, black alder
(Alnus glutinosa) and Caspian locust (Gleditsia caspica).
Five species including willow, elm, Italian Cypress,
common pear and Caucasian wingnut were established in
Cypress reforestations, but not in the adjacent natural
hardwood one. Elm, common pear and cherry are rare
species in Iranian forests. For instance, black alder,
Caspian locust and Cappadocian maple did not appear in
the site reforested by Italian Cypress. Caspian locust was a
rare species as well.
Analysis of variance's results showed that there was
not any significant difference between the reforestation and
natural forest about diversity and richness indexes.
Shannon-Viner's diversity index in Cypress reforestation in
Talukola and Nodeh areas was less than its adjacent natural
forest. In contrast, Shannon-Viner's diversity index in
reforestation was more than the adjacent natural forest in
Afratakht (Figure 2). Considering evenness index, the
differences between Cypress reforestation and its adjacent
natural forest was not significant in three sites (p < 0.05).
The evenness index in Italian Cypress stand was more
similar to the adjacent natural forest in all three regions
(Figure 3). Regarding the richness index, differences
between the stand of Cypress and the adjacent natural
forest were significant in any two studied areas. Richness
index of Cypress reforestation site was similar to the
adjacent natural forest in Talukola region. In Afratakht
area, it was more in the reforestation by Cypress comparing
to its adjacent natural forest. It was found the opposite
situation for Nodeh region (Figure 4).

RESULTS AND DISCUSSION
Results
The results indicate that The number of understorey
plant species in the sample plots in the planted forests was
16 species (ten tree species and six shrub ones) (Table 3-4).
Instance, fourteen woody species, including nine tree
species and five shrub ones grew in the adjacent natural
hardwood stand. Understory species in the stand dominated
by Cypress involve Caucasian zelkova (Zelkova
carpinifolia), Caucasian oak (Quercus castaneifolia), elm
(Ulmus minor), Italian Cypress , Persian parrotia (Parrotia
persica), maple (Acer velutinum Bois), Caucasian
hornbeam (Carpinus betulus), common pear (Pyrus
communis L.), Persian silk tree (Albizia julibrissin), willow
(Salix spp.), Caucasian wingnut (Pterocarya fraxinifolia),
Cherry (Prunus caspica), date plum (Diospyros lotus),
pomegranate (Punica granatum), common medlar
(Mespilus germanica) and Hawthorn (Crataegus aronia).
The species grown in adjacent natural hardwood site were
Caucasian zelkova, Caucasian oak, Persian parrotia, maple,
Cappadocian maple (Acer cappadocicum), Caucasian

Figure 2. Shannon-Wiener diversity index of wooden species of
Cypress reforestation and adjacent natural hardwood stand in
Talukola, Afratakht and Nodeh of Mazandaran Province, north of
Iran

Figure 3. Evenness index of Cypress reforestation and adjacent
natural hardwood stand in Talukola, Afratakht and Nodeh of
Mazandaran Province, north of Iran
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Table 5. The rate of Biodiversity, evenness, richness indexes in
Cypress reforestation and adjacent natural deciduous hardwood
forest in three sites in Mazandaran Province, north of Iran
Site

Type of index

ICA

NDHS

Talukola

Figure 4. Richness index of wooden species of Cypress
reforestation and adjacent natural hardwood stand in Talukola,
Afratakht and Nodeh of Mazandaran Province, north of Iran

Biodiversity
0.674
1.410
Evenness
0.651
0.424
Richness
0.600
0.630
Afratakht
Biodiversity
2.017
1.529
Evenness
0.732
0.508
Richness
1.049
0.662
Nodeh
Biodiversity
0.801
2.039
Evenness
0.696
0.432
Richness
0.361
1.007
Note: * = statistically significant at p< 0.05, ** = statistically
significant at p<0.01, ns = non-significant. ICA = Italian Cypress
reforestation, NDHS = Natural Deciduous Hardwood Stand

Table 3. Tree species germinated in the natural deciduous hardwood forest and Italian Cypress reforestation in three regions in
Mazandaran Province, north of Iran (1= presence 0= absence)
Species (scientific name)
Quercus castaneifolia
Ulmus minor Miller
Acer velutinum
Parrotia persica
Zelkova carpinifolia
Cupressus sempervirens var horizontalis
Carpinus betulus
Acer cappadocicum
Pyrus communis
Pterocarya fraxinifolia
Gleditsia caspica
Alnus glutinosa
Diospyros lotus
Number of species

Talukola
ICA
NDHS
1
1
0
0
1
0
1
1
1
0
1
0
0
0
0
0
1
0
1
0
0
0
0
1
1
1
8
4

Studied area
Afratakht
Nodeh
ICA
NDHS
ICA
NDHS
1
1
1
0
1
0
0
0
0
1
0
0
1
1
1
1
1
1
1
1
0
0
1
0
0
0
0
1
0
0
1
1
0
0
0
0
0
0
0
0
0
1
0
1
0
0
0
1
0
0
0
1
4
5
4
7

Total
ICA
ICA
1
1
1
0
1
1
1
1
1
1
1
0
0
1
1
1
1
0
1
0
0
1
0
1
1
1
10
9

Note: ICA = Italian Cypress reforestation, NDHS = Natural Deciduous Hardwood Stand

Table 4. Shrub species are grown in the natural deciduous hardwood forest and Italian Cypress reforestation in three regions in
Mazandaran Province, north of Iran (1= presence 0= absence)
Species (scientific name)
Salix spp
Albizia julibrissin
Punica granatum
Crataegus aronia
Mespilus germanica

Prunus caspica
Total number of species

Talukola
ICA
NDHS
1
0
1
1
0
0
1
1
1
1
1
0
4
4

Studied area
Afratakht
Nodeh
ICA
NDHS
ICA
NDHS
0
0
0
0
0
1
0
0
1
1
1
0
1
0
1
1
1
0
1
1
1
0
1
1
4
2
4
3

Note: ICA = Italian Cypress reforestation, NDHS = Natural Deciduous Hardwood Stand

Total
ICA
ICA
1
0
1
1
1
1
1
1
1
1
1
1
6
5
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Discussion
Traditionally, foresters tend to consider tree
reforestations as a renewable resource for producing timber
and cellulose. Using a reforestation to catalyze the natural
regeneration of tree species is a very different concept from
the traditional approach (Kamo 2002). Reforestation of
single tree species are usually set up for reforestation.
However, single species reforestations have often been
criticized for being associated with a low level of diversity
in the ecosystems. The value of increasing forest cover
depends in large part on the characteristics, or ecological
quality, of the resulting forests (Farley 2007; Perz 2007;
Lambin and Meyfroidt 2010; Putz and Redford 2010). A
number of factors, such as reforestation species, influences
whether biodiversity increases or becomes more
impoverished following reforestation establishment. One of
the most important factors of biodiversity loss is
deforestation and forest degradation (Sodhi et al. 2004;
Harris et al. 2012). Although forest degradation has a broad
definition, it is often associated with a reduction in forest
biomass (Sasaki and Putz 2009; Sasaki et al. 2011;
Thompson et al. 2013). The extensive deforestation and
degradation of forests are a significant reason for the
biodiversity loss and global warming (Thompson et al.
2014).
The results of this study indicate that many woody
species, including tree and shrub, became established in the
planted forests with single tree species in the neighborhood
of a natural forest. It is noteworthy that the reforestation
with Cypress was carried out to enhance wood production
in 600 hectares of lowland forests of northern Iran. Because
of clear cutting and afforestation with fast-growing needleleaved and broad-leaved species, all of the trees, some
shrubs and those species covering understory level were
completely demolished in some parts of these forests.
Demolishing the habitat is considered the most serious
biodiversity threat (MacDonald 2003). Therefore, the
managing of this type of forest usually consisted as a weak
method leading to biodiversity reduction (Wagner et al.
1998). However, the appearance of many trees and shrubs
species of the region on the understory of 15-year-old
Cypress stand including some rare species such as elm and
common pear can be one of the most important results of
reforestation with Cypress. These rare species has never
grown in the adjacent stands involving deciduous natural
hardwood forests. The appearance of ten trees and six
shrubs in the understory of the 15-year-old site reforested
with Italian Cypress can possibly be a good sign for
rehabilitation of converted ecosystem of the forest.
A 20-year-old reforestation of Black pine (Pinus nigra)
in Northern Iran has caused an appearance of some worth
industrial species such as Caucasian oak whereas its
reforestation has not been previously successful (Rahmani
et al. 1990). Fourteen trees and four shrubs grew in the
understory of 15-year-old stand reforested with maple as
well as seven trees and one shrub established in a 15-yearold site of alder reforestation (Vatani et al. 2008, 2009).
Regarding biodiversity indexes, there was no significant
difference between the sites afforested with alder and
adjacent natural deciduous hardwood forest (Vatani et al.
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2009). Stephens and Wagner (2007) reported biodiversity
reduction observed in reforested stands when is compared
with natural forests that this result advertises with our
results. Also, Amezaga and Onaindia (2008) found
negative effects of reforesting with 29-year-old Pinus
radiata and Larix kaempferi on the richness of species,
plant coverage and soil seed bank in comparison to a
natural softwood forest in Basc, north of Spain, result
adversely with our results.
Furthermore, a research conducted by Dougall and
Dodd (1977) exposed the biodiversity reduction in a 69year-old reforestation of softwood and hardwood compared
to that in natural forest. Ghelichnia (1990) concluded that
the biodiversity indexes in a 38-year-old reforestation of an
exotic conifer (Picea abies) are less than those in the
adjacent natural forest, these results agreement with our
results.
According to our results, appearing the species in the
understory of reforested stand might be due to different
reasons such as transportation of seeds by birds, insects,
wind and soil seed bank. Regarding Dougall and Dodd
(1997), about 52 species whose seeds existed in soil
samples taken from the 64-year-old mixed stand of
softwood and hardwood reforestation and the adjacent
natural forest were established. In contrast, the outcomes of
our study not only resulted in reduced biodiversity but also
in appearing of some rare species. This is previously
confirmed in even alder and maple reforestation (Vatani et
al. 2008 and 2009). One of the reasons can be the age of
reforestation. Basically, in the initial stage after clear
cutting and reforestation and because of intensive light,
some of the light-demanding species including non-woody
ones and weeds increase rapidly instead of establishing
non-aggressive species (Veinotte et al. 1998; Humphrey et
al. 2000). This reason is possibly because of this fact that
as planted species grow gradually, their canopy is closed
start. Consequently, it affects understory vegetation by
changing the soil and reducing the light (Kuksina and
Ulanova 2000). For example, about 90% of vascular
species appeared during initial two years in a Populus
reforestation. But the rate of vascular species and one-yearold species reduced down to 58% and 40% respectively at
the age of four when the canopy grew (Kryshen 2000).
Accordingly, it is predictable in our case that by increasing
the age of the reforested stand and the natural ones, soil
conditions will change and the light reduces due to the
canopy growth leading to the biodiversity decline or even
demolishing some rare species such as elm, Persian silk,
Persian locust, common pear and some industrial lightdemanding ones like alder, maple and oak.
Some of the management methods like thinning are in
coordination with the protection of biodiversity. The
research of Battles et al. (2001) revealed that the richness
of understory species in a reforested site and the one
managed by shelterwood method was significantly greater
than an 80-year-old site with no active management
(reverse forest). In addition, stands managed by single-tree
selection had species richness values close to those of the
reserve forest. One of the methods to enhance the
understory biodiversity of Picea and Suga's pure
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reforestation was planting a combination of softwood and
hardwood species (Deal 1997) this result Compared with
our results and showed the equal conditions.
Some investigations showed low levels of biodiversity
in reforestations (Matthews et al. 2002; Barlow et al. 2007;
Makino et al. 2007), other studies showed that
reforestations could play an important role in biodiversity,
conservation and restoration of forest species, particularly
when management aims to balance environmental and
economical goals (Hartley 2002; Carnus et al. 2006;
Brockerhoff et al. 2008).
Our findings in this article had important implications
about impacts of reforestation on plant biodiversity. In
evaluating reforestation, it is important to consider how this
type of forest development will affect a range of
environmental goods and services including forestry
products, biodiversity, etc. Reforestation can have either
positive or negative impact on biodiversity at the tree,
stand, or landscape level depending on the ecological
context in which they are found. In our research, the
appearance of many trees and shrubs species need to pay
more attention to perform silvicultural operations in
Cypress reforestation especially gradual thinning in order
to improve the stand structure. The biodiversity of Cypress
reforestation is protected by providing the conditions for
seed germination and seedling establishment of native
deciduous species which can mostly dominate the stand in
climax stage. Thus we suggest that more effort is needed to
measure this ratio in the field for several years later,
because it is uncertain that increasing the age of
reforestation changes the present biodiversity at future.
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Abstract. Nelly N, Syahrawati M, Hamid H. 2017. Abundance of corn planthopper (Stenocranus pacificus) (Hemiptera: Delphacidae)
and the potential natural enemies in West Sumatra, Indonesia. Biodiversitas 18: 696-700. A study about the abundance of corn
planthopper Stenocranus pacificus and diversity of it's potential natural enemies in West Sumatra, Indonesia was conducted from July
until October 2016 in Pasaman Barat, Limapuluh Kota and Tanah Datar. The method was purposive random technique sampling.
Sampling Stenocranus pacificus Kirkaldy (Hemiptera: Delphacidae) and it's potential natural enemies were collected by using a
modified d-vac vacuum. The Identification was done based on morphological differences between species. The result showed that corn
planthopper was found in all study location, as well as natural enemies could be found in the vegetative and generative phase of corn.
The distribution pattern of corn planthopper, S. pacificus generally was aggregated, except on the vegetative phase in Pasaman Barat
that classified as uniform. The natural enemies that found consist of two class (Insects and Arachnids) and three ordo (Hymenoptera,
Coleoptera and Araneae). Diversity index (H) of natural enemies in Pasaman Barat is higher than Tanah Datar and Limapuluh Kota
district. Evenness index at all study locations showed low value (E<1).
Keywords: Corn, planthopper, diversity, natural enemies

INTRODUCTION
Corn has long been a staple food in several regions in
Indonesia, such as Madura, Nusa Tenggara and Gorontalo
because it contains dietary fiber with a low glycemic index
compared to rice, so that the corn has been recommended
for diabetics (Suarni 2009). Furthermore, the corn is also
the main ingredient of animal feed and industry needs
(Suarni and Yasin 2011).
Planthopper that attacked corn was Peregrinus maidis
(Hemiptera: Delphacidae), limited the increase of corn
production (Sudjak 2013). It was reported as a serious pest
in Hawaii because transmitting the corn mosaic virus (rao
virus and tenui virus) and causing "hopperburn" (Nault
and Knoke 1981; Takara and Nishida 1983), P. maidis was
attacking the corn from most of the humid tropical and
subtropical regions of the world including Africa, India,
Malaysia, Taiwan, Indonesia, Australia (Metcalf, 1943) and
China (Tsai et al. 1986), but for this study showed that the
corn planthopper in West Sumatra, Indonesia, was
Stenocranus pacificus Kirkaldy (Hemiptera: Delphacidae).
Stenocranus was a pest invasive on corn in the
Philippines, firstly inserted into the genus Sogatella, but the
insect eventually was confirmed as S. pacificus (Cayabyab
et al. 2009). Dumayo et al. (2007) reported, there was
white waxy substance in the abdomen of female, which
was absent in male. Then, Cayabyab et al. (2009) informed
that the nymph and adult of S. pacificus attacked the corn

by sucking plant sap from young leaves and leaf sheaths
which could lead to stunted plant growth. The formation of
a droplet of honeydew on leaves caused galls along veins
and underneath leaf surface that resulted in the loss of plant
vigor and stunting.
Many arthropods were classified as natural enemies of
S. pacificus in the Philippines, namely Coccinellidae,
Araneae, Dermaptera, Diptera (Syrphidae), Odonata,
Neuroptera, Hemiptera (Cyrtorhinus lividipennis), and
Strepsiptera (Dumayo et al. 2007). Nowadays, there are
few reports of Stenocranus distribution and its natural
enemies in Indonesia. This study aimed to know about the
distribution pattern of Stenocranus and its potential natural
enemies in the field, especially in West Sumatra, Indonesia.

MATERIALS AND METHODS
Study sites
The study was conducted in West Sumatra during July
to September 2016, at three locations; Pasaman Barat,
Limapuluh Kota, and Tanah Datar (Figure 1). The corn
planthopper and its potential natural enemies were
identified and counted in Laboratory of Insect Bioecology,
Department of Plant Protection, Faculty of Agriculture,
Universitas Andalas, Padang, West Sumatra, Indonesia.
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Figure 1. Study sites in West Sumatra, Indonesia. A. Pasaman Barat, B. Limapuluh Kota, C. Tanah Datar

Collecting the corn planthopper and it’s natural
enemies
There were two fields of corn cultivation in vegetative
phase and two other fields on generative phase for
collecting the corn planthopper and its potential natural
enemies; each field had a measurement of 400 m2. They
were collected from 10 samples (clump) randomly from
each field by using D-vac vacuum modified. All collections
were put into a bag containing chloroform 95%, then,
transferred into the bottle that already contained alcohol
70%. The identifying, counting and grouping were done
based various reference, namely: Kalshoven (1981),
Reissig et al. (1985), Wilson and Claridge (1991), Goulet
and Huber (1993), Heinrichs (1994), Barrion and
Litsinger (1995), Amir (2002), Triplehorn and Johnson
(2005), and Heong and Hardy (2009).
Data analysis
Corn planthopper distribution
Data were tabulated in Excel program to get the value
of population and mean per clump from each location. The
distribution pattern was determined by calculating the
standard deviation that was compared with the mean. If SD
= mean, the planthopper distribution was random, SD >
mean, the planthopper distribution was aggregated, and if
SD < mean, the planthopper distribution was uniform.
Diversity index of natural enemies
Diversity index of natural enemies was calculated by
using Shannon-Wiener index (Krebs 1999):

H” = Index of diversity
pi = number of individual per species/ total species

RESULTS AND DISCUSSION
The abundance and distribution of corn planthopper
The corn planthopper, Stenocranus pacificus, was
found on all study location, as well as phases of corn
(Figure 1 and Table 1). The record of S. pacificus during
the collection indicated that phases of corn and location of
cultivation played an important role on S. pacificus
abundance but did not tend to effect on distribution pattern.
S. pacificus abundance tended to be higher in vegetative
phase than generative. The highest abundance of S.
pacificus on vegetative phase was found in Tanah Datar
(15 individual/clump), whereas the lowest was found in
Limapuluh Kota (0.25 individual/clump). The highest
abundance on generative phase was found in Pasaman
Barat (2.50 individual/clump), whereas the lowest was
found in Tanah Datar. Distribution pattern generally was
aggregated, except on the vegetative phase in Pasaman
Barat that classified as uniform (Table 1).
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Figure 1. Stenocranus pacificus, the corn planthopper that was
found in West Sumatra, Indonesia (left: nymph, right: adult female)

The potential natural enemies of corn planthopper
The record of potential natural enemies indicated that
phases of the corn and location of cultivation also played
an important role in diversity and abundance of them. In
general, there were 19 families of arthropods which
potentially as natural enemies of S. pacificus. Ten families
were classified as a predator, while nine families were
classified as a parasitoid. From 10 predators that found,
five of them included in the Order Araneae (spiders), while
the others included in the Order Coleoptera, Dermaptera,
Hymenoptera, and Mantidae. Meanwhile, all of the
parasitoids came from the Order of Hymenoptera, two
families (Ichneumonidae and Scelionidae) were only found
on vegetative phase, and four families (Braconidae,
Elasmidae, Mymaridae, Pteromalidae) were only found on
generative (Table 2 and 3).
In the vegetative phase, 14 families of arthropods were
found as potential natural enemies, which was dominated
by Formicidae (ants) and occupied 78.42% of the total
natural enemies that be found in the field. Meanwhile,
Anthicidae and Coccinellidae are two families of
Coleoptera which had a higher population compared to
other natural enemies. The highest Formicidae was found
in Limapuluh Kota (37.79%), while the highest Anthicidae
and Coccinellidae were found in Tanah Datar (5.17% and
2.74% respectively) (Table 2).
In the generative phase, 18 families of arthropods were
found as natural enemies, also dominated by Formicidae
(ants), which occupied 38.15% of total natural enemies.
Meanwhile, Coccinellidae and Cucujidae are two families
of Coleoptera which had a higher population compared to
other natural enemies. The highest Formicidae was found
in Tanah Datar (30.25%), whereas the highest Cucujidae
and Coccinellidae were found in Pasaman Barat (12.81%
and 8.45% respectively) (Table 3).
The diversity index of natural enemies generally ranged
from 1.09 (low) to 2.55 (medium). The highest diversity
index was found in Pasaman Barat (2.55), but the highest
evenness index was found in Limapuluh Kota (0.84) (Table
4).

Discussion
The result of the study showed that corn planthopper,
Stenocranus pacificus, was found on all study location. It
showed that S. pacificus had widespread in West Sumatra.
Heong and Hardy (2009) stated that S. pacificus have
distribution in Fiji Island, Western Caroline Island, Palau,
and the Philippines. The phases of corn and location of
cultivation played an important role on S. pacificus
abundance, natural enemies diversity and it’s abundance. S.
pacificus abundance tended to be higher in vegetative
phase than generative, on the contrary, the diversity and
abundance of natural enemies tended to be higher in
generative phase (Table 1 and 2).The high abundance of S.
pacificus in vegetative phase is closely related to foraging
behavior of the insect belonging piercing-sucking type.
According to Havlin et al. (2005), the ability of the insect
to take the food from the host will depend on the strict level
of the stem. The younger the plant, the easier the corn
planthopper to suck needed nutrients. Diversity and
abundance of natural enemies tended to be higher in
generative phase. A similar phenomenon has been reported
in other studies such as Hadi et al. (2013) who studied
diversity and abundance of rice stem borer in Central Java.
They found the highest diversity of rice stem borer during
rice generative phase until ripen and decline in line with the
age of rice. Species diversity index in vegetative phase was
below 2, while during generative phase until ripening
increased above 2. Insect population abundance declined,
in the end, vegetative phase and increased at the beginning
of reproductive phase until ripen phase.
The distribution pattern of S. pacificus generally was
the group, except on the vegetative phase in Pasaman Barat
that classified as uniform. These results indicate that the
differences in location could affect the distribution patterns
of insect. Sedaratian et al. (2010) were concluded that
soybean varieties affect the population density and spatial
distribution of Thrips tabaci. Roiz et al. (2015) results also
suggest that for mosquitoes, hydroperiod, inundation
surface and NDVI (Normalized Difference Vegetation
Index) are strongly related to the spatial distribution of
mosquitoes
The results obtained showed that the Formicidae
(ant)was natural enemies the greatest abundance, both in
the phase of vegetative and generative. It could happen
because the ant can form colonies and able to live in
various conditions. Franks (2009) stated that ants are now
extremely successful ecologically. They dominate, at their
size scale, many terrestrial ecosystems from latitudes north
of the boreal tree line to such southern climes as Tierra del
Fuego, Chile. In certain tropical forests the contribution of
ants to the biomass is spectacular. In Brazilian rain forests,
for example, the biomass of ants has been estimated as
approximately four times greater than the biomass of all of
the vertebrates combined. The Study of Pérez-Bote and
Romero (2012) showed that soil fauna was numerically
dominated by Formicidae (26.60%), Coleoptera (19.77%),
and Aranae (16.76%)
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Table 1. Population (individual/clump) and distribution pattern of corn planthopper on vegetative and generative phase in West
Sumatra, Indonesia
Phase of corn

Districts

Vegetative

Pasaman Barat
Limapuluh Kota
Tanah Datar

Generative

Corn planthopper
(mean)
4.45
0.25
15.00

Standard Deviation
(SD)
2.82
0.54
23.69

Pasaman Barat
2.50
3.59
Limapuluh Kota
1.70
2.57
Tanah Datar
0.70
1.10
Note: Distribution pattern of corn planthopper; mean = SD, random; mean < SD, aggregated; mean> SD, uniform

Distribution pattern
Uniform
Aggregated
Aggregated
Aggregated
Aggregated
Aggregated

Table 2. The abundance of potential natural enemies of corn planthopper on vegetative phase in West Sumatra, Indonesia
Number
District
of
Pasaman Barat
Limapuluh Kota
Tanah Datar
species
Ind
%
Ind
%
Ind
%
Arachnida
Araneae
Linyphiidae
1
4
1.22
1
0.3
0
0
Arachnida
Araneae
Lycosidae
2
7
2.13
1
0.3
0
0
Arachnida
Araneae
Oxyopidae
1
1
0.3
0
0
0
0
Arachnida
Araneae
Salticidae
1
7
2.13
1
0.3
0
0
Arachnida
Araneae
Tetragnathidae
1
2
0.61
0
0
0
0
Insecta
Coleoptera
Anthicidae
1
1
0.3
0
0
17
5.17
Insecta
Coleoptera
Coccinellidae
4
2
0.61
2
0.61
9
2.74
Insecta
Dermaptera
Forficulidae
1
0
0
1
0.3
0
0
Insecta
Hymenoptera Chalcididae
1
1
0.3
0
0
5
1.52
Insecta
Hymenoptera Eulophidae
1
1
0.3
0
0
0
0
Insecta
Hymenoptera Eupelmidae
1
1
0.3
0
0
0
0
Insecta
Hymenoptera Formicidae
2
15
4.56
123
37.39 120
36.47
Insecta
Hymenoptera Ichneumonidae
1
0
0
1
0.3
0
0
Insecta
Hymenoptera Scelionidae
2
0
0
0
0
6
1.82
Total
20
42
12.77
130
39.51 157
47.72
Notes: Ind = individual/clump; % = number of individual/clump that was divided by the total (329) and multiplied by 100
Class

Ordo

Family

Total
Ind
5
8
1
8
2
18
13
1
6
1
1
258
1
6
329

%
1.52
2.43
0.3
2.43
0.61
5.47
3.95
0.3
1.82
0.3
0.3
78.42
0.3
1.82
100

Table 3. The abundance of potential natural enemies of corn planthopper on generative phase in West Sumatra, Indonesia
Number
District
of
Pasaman Barat
Limapuluh Kota
Tanah Datar
species
Ind
%
Ind
%
Ind
%
Arachnida
Araneae
Linyphiidae
2
23
6.27
1
0.27
4
1.09
Arachnida
Araneae
Lycosidae
1
5
1.36
2
0.54
2
0.54
Arachnida
Araneae
Oxyopidae
1
5
1.36
0
0
0
0
Arachnida
Araneae
Salticidae
1
23
6.27
0
0
0
0
Arachnida
Araneae
Tetragnathidae
1
5
1.36
0
0
0
0
Insecta
Coleoptera
Anthicidae
1
6
1.63
0
0
1
0.27
Insecta
Coleoptera
Coccinellidae
5
47
12.81
10
2.72
19
5.18
Insecta
Coleoptera
Cucujidae
1
31
8.45
0
0
3
0.82
Insecta
Dermaptera
Forficulidae
2
12
3.27
0
0
0
0
Insecta
Hymenoptera Braconidae
1
0
0
1
0.27
2
0.54
Insecta
Hymenoptera Chalcididae
1
1
0.27
0
0
0
0
Insecta
Hymenoptera Elasmidae
1
0
0
0
0
1
0.27
Insecta
Hymenoptera Eulophidae
2
0
0
0
0
14
3.81
Insecta
Hymenoptera Eupelmidae
1
0
0
0
0
4
1.09
Insecta
Hymenoptera Formicidae
3
19
5.18
10
2.72
111
30.25
Insecta
Hymenoptera Mymaridae
1
0
0
2
0.54
1
0.27
Insecta
Hymenoptera Pteromalidae
1
0
0
0
0
1
0.27
Insecta
Orthoptera
Mantidae
1
0
0
0
0
1
0.27
Total
26
177
48.23
26
7.08
164
44.69
Notes: Ind = individual/clump; % = number of individual/clump that was divided by the total (329) and multiplied by 100
Class

Ordo

Family

Total
Ind
28
9
5
23
5
7
76
34
12
3
1
1
14
4
140
3
1
1
367

%
7.63
2.45
1.36
6.27
1.36
1.91
20.71
9.26
3.27
0.82
0.27
0.27
3.81
1.09
38.15
0.82
0.27
0.27
100
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Table 4. Diversity of potential natural enemies of corn
planthopper in West Sumatra, Indonesia
District
Pasaman Barat
Limapuluh Kota
Tanah Datar

Diversity
(H')
2.55
1.09
1.35

index

Evenness index (E
)
0.44
0.84
0.47

The highest diversity index of natural enemies was
found in Pasaman Barat, but the highest evenness index
was found in Limapuluh Kota. The result indicated that the
location is influencing diversity index of insect. It could
happen because the different locations will have different
vegetation patterns. Chima et al.
(2006) found in
fragmented habitats of the University of Port Harcourt,
Nigeria, alpha diversity was highest in the Biodiversity
Conservation Area, followed by residential area and arable
farmland respectively, while monoculture plantation ofmm
Hevea brasiliensis had the lowest diversity. Effendy et al.
(2013) also found that the edge of the rice crops and land in
the surrounding areas had a close relationship. The land
could be a bridge between the predatory arthropods paddy
crop in the next season. Evenness index at all study
locations showed low value (E<1), despite the highest
index values obtained in Limapuluh Kota. This is due to
the dominant species at each location. The Formicidae had
high abundance in all locations resulting diversity index is
low. High levels of dominance in an ecosystem showed
high densities in certain species compared to other species.
It will affect the level of evenness of species in an
ecosystem (Effendy et al. 2013).
The corn planthopper was found in all study location, as
well as natural enemies could be found in the vegetative
and generative phase of corn. The distribution pattern of
corn planthopper, Stenocranus pacificus generally was
aggregated, except on the vegetative phase in Pasaman
Barat that classified as uniform. The natural enemies that
found consist of two class (Insects and Arachnids) and
three orders (Hymenoptera, Coleoptera, and Araneae).
Diversity index (H) of natural enemies in Pasaman Barat is
higher than Tanah Datar and Limapuluh Kota district.
Evenness index at all study locations showed low value
(E<1).

ACKNOWLEDGEMENTS
We would like to thanks to Rector of Universitas
Andalas, Padang, Indonesia that funded this study with
Research
Professor
cluster,
Contract
number
503/XIV/A/UNAND-2016 on behalf of the first author.

REFERENCES
Amir M. 2002. Predator Beetles Coccinellidae (Coccinellinae) in
Indonesia. Research Center for Biology, Bogor. [Indonesian]
Barrion A, Litsinger J. 1995. Riceland Spiders of South and Southeast
Asia. IRRI, Los Banos, the Philippines.
Cayabyab BF, Leyza P, Gonzales PG, Manzanilla AC. 2009. Spreading
menace of the new invasive corn planthopper pest, Stenocranus
pacificus Kirkaldy (Delphacidae: Hemiptera). J Philippines Entomol
23: 193-195.
Chima UD, Omokhua GE, Iganibo-Beresibo E. 2006. Insect species
diversity in fragmented habitats of the University of Port Harcourt,
Nigeria. ARPN J Agric Biol Sci 8: 160-168.
Dumayo LS, Ogdang MP, Leyza PS. 2007. Biology, host range and
natural enemies of corn planthopper, Stenocranus pacificus Kirkaldy.
Philippine J Crop Sci 32: 47-48.
Effendy E, Hety U, Herlinda S, Irsan C, Thalib R. 2013. Similarity
analysis of predatory arthropods inhabiting the surface area of
swampy rice field and its surrounding. Jurnal Entomologi Indonesia
10: 60-69. [Indonesian]
Franks NR. 2009. Ants. In: Resh VH, Cardé RT (eds.), Encyclopedia of
Insects. 2nd ed. Academic Press, Amsterdam.
Goulet H, Huber JT. 1993. Hymenoptera of the World: An Identification
Guide to Families. Agriculture Canada Publication, Ottawa, Ontario.
Hadi M, Soesilohadi RH, Wagiman FX, Soehardjono YR. 2013. Species
diversity and population abundance of rice stem borer and other
potential insect pests on organic rice ecosystems. Bioma 15: 58-63.
[Indonesian]
Havlin JL, Beaton JD, Tisdale SL, Nelson W. 2005. Soil Fertility and
Nutrient Management. 7th ed. New Jersey, Pearson Prentice Hall.
Heinrichs EA. 1994. Plant-Insect Interactions. John Wiley & Sons, New
York.
Heong KL, Hardy B. 2009. Planthoppers: New threats to the
Sustainability of Intensive Rice Production Systems in Asia. IRRI,
Los Banos.
Johnson NF, Triplehorn CA. 2005. Borror and Delong’s Introduction to
the Study of Insect. 7th ed. Thomson Brooks/Cole, Belmont, CA.
Kalshoven LGE. 1981. The Pest of Crops in Indonesia. PT. Ichtiar Baru
Van Hoeve, Jakarta.
Krebs CJ. 1999. Ecological Methodology. 2nd ed. Addison Wesley
Longman, New York.
Nault LR, Knoke JK. 1981. Maize Vectors. In: Gordon DT, Knoke JK,
Scott GE (eds.). Virus and Viruslike Diseases of Maize in the United
States. Series Bull, Southern Coop, USA.
Pérez-Bote JL, Romero AJ. 2012. Epigeic soil arthropod abundance under
different agricultural land uses. Spanish J Agric Res 10: 55-61.
Reissig WH, Heinrichs EA, Litsinger JA, Moody K, Fiedler L, Mew TW,
Barrion AT. 1985. Illustrated Guide to Integrated Pest Management in
Rice in Tropical Asia. IRRI, Los Banos, the Philippines.
Roiz D, Ruiz S, Soriguer R, Figuerola J. 2015. Landscape effects on the
presence, abundance and diversity of mosquitoes in Mediterranean
Wetlands.
PLoS
ONE
10
(6):
e0128112.
DOI:
10.1371/journal.pone.0128112
Sedaratian A, Fathipour Y, Talebi AA, Farahani S. 2010. Population
density and spatial distribution pattern of Thrips tabaci
(Thysanoptera: Thripidae) on different soybean varieties. J Agric Sci
Technol 12: 275-288.
Suarni. 2009. Prospects for utilization of corn flour for Cookies. Jurnal
Penelitian dan Pengembangan Pertanian 28: 63-71. [Indonesian]
Suarni, Yasin M. 2011. Corn as a Source of National Food. Iptek
Tanaman Pangan. 6: 41-56. [Indonesian]
Sudjak M. 2013. Know the Corn Planthopper Pests Peregrinus maidis
(Ashmead). Balai Penelitian Tanaman Serealia. Maros. [Indonesian]
Takara J, Nishida T. 1983. Spatial distribution of the migrants of the corn
delphacid, Peregrinus maidis (Ashmead) (Homoptera: Delphacidae)
in Cornfields. Proc Hawaiian Entomol Soc 24: 327-333.
Wilson MR, Claridge MF. 1991. Handbook for The Identification of
Leafhoppers and Planthoppers of Rice. NRI, London.

B I O D I V E R S IT A S
Volume 18, Number 2, April 2017
Pages: 701-708

ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d180237

Study of climatic factors on the population dynamics of Pyricularia
oryzae on some varieties of paddy rice (Oryza sativa)
SOPIALENA1,, PRATIWI JATI PALUPI2,
1

Program of Plant Pests and Diseases Science, Faculty of Agriculture, Universitas Mulawarman. Jl. Pasir Balengkong, Kampus Gunung Kelua,
Samarinda 75119, East Kalimantan, Indonesia. Tel: +62-541-749161, Fax: +62-541-738341. email: sopialena88@gmail.com
2
Program of Agricultural Industrial Technology, Faculty of Agriculture, Universitas Nahdlatul Ulama. Jl. KH. Harun Nafsi Gg. Dharma, Rapak Dalam,
Loa Janan Ilir, Samarinda 75251, East Kalimantan, Indonesia. Tel./Fax.: +62-541-7269413, email: pratiwi.jp@gmail.com
Manuscript received: 1 November 2016. Revision accepted: 9 April 2017.

Abstract. Sopialena, Palupi PJ. 2017. Study of climatic factors on the population dynamics of Pyricularia oryzae on some varieties of
paddy rice (Oryza sativa). Biodiversitas 18: 701-708. The occurrence of plant diseases is influenced by three factors: pathogen,
environment, and host. Environment playing important role in the development of the disease is the climatic factor, whereas the
resistance of plants also influences the development of disease. The research was conducted during five months from April to August
2016 and the location of the research was in paddy fields in Tanah Merah, North Samarinda, East Kalimantan, Indonesia. The study
aims to determine the climatic factors (temperature and humidity) which are most dominant to the rate of spot width, the infection rate
of pathogen attack intensity on Pyricularia oryzae and the development of P. oryzae spores in several varieties of paddy rice (Inpari 7,
Ciherang and Cibogo). The parameters in the study are climate factors namely humidity and temperature, the width rate of spot blast
disease, the attack intensity of pathogenic P. oryzae and the spores number of P. oryzae. Research shows that the population of P.
oryzae is strongly influenced by temperature. Low temperature is the most dominant factor affecting the rate of infection of blast
disease. The number of pathogen population also affects the attack intensity of the disease. A higher population of P. oryzae led to
higher intensity of blast disease in rice plants. Moreover, varieties of rice plants also affect P. oryzae attack. The more vulnerable the
plants, the higher level of P. oryzae attack on the plant. The lowest intensity attack of the disease is found in Ciherang, then Cibogo and
the most vulnerable is Inpari 7.
Keywords: Climatic, Oryza sativa, Pyricularia oryzae

INTRODUCTION
The rice plant (Oryza sativa L.) as a producer of rice is
one of the main food commodities and it plays an important
role in the fulfillment of basic needs for the people of
Indonesia. Efforts to increase rice production face many
obstacles and one of them is plant pathogens. One disease
frequently attacking the rice plant is blast disease. Blast
disease is caused by Pyricularia oryzae fungi belonging to
the Ascomycetes. The morphology of P. oryzae is to have
round, oval, opaque conidia with two insulations (3 rooms).
One cycle of blast disease begins when the spores start to
infect and produce a spot on the rice plant and it ends when
the fungi begin sporulation and deploy new spores through
the air. In a suitable environment condition, one cycle of
blast disease can occur in about one week, and one spot can
produce spores for more of twenty days. In suitable
humidity and temperature, P. oryzae can experience many
cycles and produces an abundance of spores at the end of
the season. This high level of inoculum is very harmful to
the vulnerable rice plants (Mentlak et al. 2012).
Blast disease is cosmopolitan meaning that it attacks
rice plants throughout the world. In Indonesia, the attack of
blast disease (P. oryzae) can reach an area of 1,285 million
ha or 12% of total rice field areas in Indonesia (Kharisma
et al. 2013). This fungus appears since there are varieties
that are susceptible to the pathogen, and it is also

influenced by environmental factors and the way of
farming that uses too much nitrogen fertilizers as well as
high rainfall and humidity (Hajano et al. 2013). This
disease can damage all parts of the plant and can attack at
all phases of the rice plant. The high intensity of the blast
pathogen attack of P. oryzae height can be seen in the
young rice crops. The resistance of rice plants to P. oryzae
increases as they grow older. This is supported by the
opinion of Kahn and Libby (1958) and Suriani et al. (2015)
that the leaf susceptibility to the infection of blast disease
declines along with the increasing of the age of rice plants,
so the number of spotted sporulated leaves will decrease.
The ability of spot to form conidia varies depending on the
shape and size of the spot (Hayashi and Yoshida 2009;
Yuliani and Maryana 2014).
Economically, the attack of blast disease in the nursery
was not as severe as the attack of rotten neck on mature
plants. The heavy attack in the nursery or seedling stage
could cause the plants dried up, while heavy attacks in
adult plants causing rotten neck can result in harvest failure
and the unavailability of seeds for the following planting
season (Yuliani and Maryana 2014). The high losses
caused by blast disease have led to the continuity in the
development of high-yielding varieties that are resistant to
blast disease, but the instability of rice varieties to blast
disease causes pathogens to easily break the resistance of
varieties, especially when the resistance is determined by a
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dominant gene.
The disease is a process engaging various elements
such as climate factors. In the field, against the resistance
of rice varieties, the behavior of disease is often associated
with climatic factors, so the implementation of a good
control of plant diseases needs a good knowledge of
climatic factors. Assessment of factors affecting the
pathogen population is expected to assist in determining the
breeding assembly and deployment strategy of new
varieties (Mc Donald 1997; McDonald 2004; Klaubauf
2014). In addition, the study on blast fungus population
dynamic in the field is the first step that must be done to
get information about a plant with resistive genes which is
effective for a particular location (George et al. 1998). It is
necessary for a study of the climatic factors on the
population dynamics of P. oryzae on some rice varieties
(Oryza sativa) in the city of Samarinda and Kutai Barat
regency. The study aims to determine the most dominant
climatic factors (temperature and humidity) on the rate of
spot width, the rate of infection intensity of the pathogen P.
oryzae attack and the number of P. oryzae spores on paddy
varieties (Inpari 7, Ciherang and Cibogo) and to determine
the effect of the number of P. oryzae spores on the attack
intensity of pathogen P. oryzae toward paddy varieties
(Inpari 7, Ciherang and Cibogo).

MATERIALS AND METHODS
The research was conducted for five months from April
to August 2016. The research location was in paddy fields
of Tanah Merah in North Samarinda, East Kalimantan,
Indonesia, while laboratory research was conducted in the
Laboratory of Plant Pests and Diseases, Faculty of
Agriculture, Universitas Mulawarman, Samarinda, East
Kalimantan, Indonesia.
Research design
In the field, the research was done by observing the
climatic factors (humidity and temperature) on the
progression of the width of spot blast disease, the intensity
of the blast disease attack and the number of P. oryzae
spores. The observation was carried out on rice crops in
three different fields. Eight samples were taken from each
field, and then were averaged to yield observation results.
In the laboratory, the research was done by observing the
biology of P. oryzae (the development of the colony on the
emergence and development of conidia)
Observations of temperature and humidity on the field
Temperature and humidity are climatic factors that have
an important role in the life of the organism, namely, in this
study, the plants and the pathogens causing disease (Hajano
et al. 2013; Ghini et al. 2008). Observations of temperature
and humidity were done using a digital thermometer and
HTC-1 hygrometer. Thermometer and hygrometer were
placed above the rice fields with a height of 50 cm. The
tools were left for 1 minute in order to obtain a stable range
of temperature and humidity and then the results were
recorded. The observation was done daily at 06.00 WITA.

Table 1. Temperature and humidity
Observation on
weeks of
2
3
4
5
6
7
8
9
10
11
12

Temperature
(ºC)
35.6
29.6
28.7
29.4
28.3
29.8
30.3
25.8
24.2
22.7
22.3

Humidity (%)
69
75
78
85
86
86
85
80
81
88
97

Observation on the number of spores in the field
Observation on the number of spores in the field was
done using an object glass that has been coated by double
cellophane tape on its two sides and was put on the leaves
of rice plants at the height of 20-30 cm from the ground.
The glass object was placed in the afternoon and was taken
back the next morning. The number of spores found on the
object glass was observed with a light microscope. The
spore observations were carried 6 times; 3 times during the
vegetative phase (age of 7, 14 and 21 days after planting)
and 3 times during the generative phase (age of 45, 65 and
90 days after planting).
Observation of the intensity of blast disease attack on
leaves in rice field and the rate of disease infection
Observation of the intensity of the blast disease attack
(Pyricularia oryzae) was carried out on week 1 after
planting in the field and the observation was done every
week. The observations were carried out 12 times. The
intensity of the disease attack can be calculated by the
following formula (Biogen BB 2007).

Where:
I
: Intensity of the disease attack (%)
n
: Number of attacked leaves
v
: The value scale of the attacked leaves
N : The total number of observed leaves
Z
: Highest Scale of attack scale category

Table 2. Attack scale category on the leaves according to Biogen
BB (2007)
Scale

Attack category

Description

1
3
5
7
9

1-5% attack on leaf width
5-11% attack on leaf width
> 11-≤ 25% attack on leaf width
> 25-≤ 75% attack on leaf width
> 75-100% attack on leaf width

Resistant
Light
Medium
Heavy
Parched

SOPIALENA & PALUPI – Population dynamics of Pyricularia oryzae on some rice varieties

Calculation of the rate of disease infection can be
calculated using the formula:
r=
Where:
r
: Rate of infection
2.3 : Conversion result of natural logarithms to
normal logarithms (lnx : 2.3Logx)
t
: Observation time lapse
xt
: The proportion of infected leaves at t time
x0 : Proportion of infected leaves at the beginning of
observation
The making of PDA media
The media of Potato Dextrose Agar (PDA) is made of
potatoes with a composition of 250 g of potatoes, 1000 ml
of distilled water, 20 g of gelatin stick, and 20 g of
powdered sugar. The steps are: peel the potatoes, cut into
small dice, add them with 500 ml of distilled water and put
on the stove until the potatoes were softened, and then
remove them from heat and strain them and set them aside.
Next, mix 500 ml of distilled water with 20 g of gelatin
sticks and cook until gelatin were dissolved. Put the first
liquid (potato-boiled water) into the solution, and then add
with distilled water to reach 1000 ml in volume and stir
them at the same time, and cook the mixture for a few
minutes. Pour the media into sterilized Erlenmeyer tube
and cover it with cotton and aluminum foil. Sterilize it in
an autoclave at 120oC with a pressure of 2 atm for 20-30
minutes. Once sterilized, the medium was transferred from
the tube into a Petri dish aseptically to keep it from
contamination.
Isolation of Pyricularia oryzae
Before performing insulation, sterilize the Enkas with
alcohol 90% and also sterilize the tools in sterilizer oven
and sprayed them with alcohol 70% at the time of use. Cut
the parts containing spot blast, sterilize them with alcohol
70% and rinse them again with sterile distilled water, and
set aside. Pour the PDA media into petri dish over a
Bunsen flame, and let it stand for 15 minutes to be cooled
and hardened. Once the media has hardened, isolate the
spot blast piece that was sterilized earlier in the media and
divide it into three dots then plaster them tightly and
labeled. This insulation activity was carried out over the
bunsen fire to keep it sterile.
Observation on the biology of Pyricularia oryzae
This activity includes the observation on the
development of colonies of P. oryzae, the emergence of P.
oryzae conidia and its development for nine days at every
10:00 am WITA at the Laboratory of Plant Pests and
Diseases, Faculty of Agriculture, Universitas Mulawarman,
Samarinda, East Kalimantan, Indonesia.
Variable response
Data retrieval
The primary data retrieval is done on each area in the
rice field and the laboratory. Primary data collected are: the
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size of the spot of blast disease on the leaves in the rice
field; the attack intensity of blast disease on the leaves in
the rice field; the number of P. oryzae conidia in the rice
field; the temperatures in the rice field; the humidity in the
rice field; the soil nutrients in the rice field (N, P and K);
the development of colonies of P. oryzae in the laboratory;
the time of occurrence of P. oryzae conidia in the
laboratory; P. oryzae conidia development in the laboratory.
Data analysis
The study used linear regression analysis and multiple
linear regression and the steps to verify the research results
were the F test at 5% level, and the t-test at 5% level.

RESULTS AND DISCUSSION
The progression of Pyricularia oryzae pathogen attack
intensity (%)
Based on the research result, the progression of P.
oryzae pathogen attack intensity on Inpari 7, Ciherang and
Cibogo varieties for 12 weeks showed that the Ciherang
still has resistance against the attack of P. oryzae pathogen
(Table 3), although these types of rice were from the
hairless group and with low production of saplings where
spores are more easily sporulated on the leaf surface, but
with good spacing, they can have good resistance to blast
disease. Plant disease arises because of the influence of the
environment and cultivation practice in the form of a tiny
spot on the leaves which gradually becomes large and in
the shape of a parallelogram (Figure 2).
The effect of temperature on the rate of blast disease
infection
Plant disease arises because of the susceptible varieties
toward pathogen and sensitive to temperature. In Inpari 7
and Cibogo varieties, the disease started at temperature
22.3-35.6⁰C on observation week 2. In Ciherang variety,
the blast disease infection rate started at temperatures 22.329.4⁰C on observation week 4 (Table 1). The regression
equations used to predict Y variable on each variety of rice
are: Y Inpari 7 = -1.3815 + 0.0587x, Y Ciherang = 0.32210.0049x, Y Cibogo = -0.8189 + 0.0383x.
The influence of humidity on the rate of blast disease
infection
Based on the result of research on the variety of Inpari 7
and Cibogo, the blast disease infection rate started at 6997% humidity, while on Ciherang variety, the progression
of blast disease infection rate started at 85-97% humidity
(Table 1). At 69-97% humidity, P. oryzae started
sporulation. This is supported by Hashioka (1965) which
states that sporulation increases in relative humidity above
93% but it rarely occurs in humidity 89-90%, and no
sporulation takes place in humidity less than 88% although
the spot size is unchanged in high humidity. Differences in
the development of blast disease infection rate could be
affected by the different resistance of rice varieties to
disease and different planting spacing; a denser spacing of
rice planting could lead to higher humidity that triggers the
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blast disease progression. The regression equations used to
predict Y variable on each variety are: Y Inpari 7 = -1.3815
+ 0.0587x, Y Ciherang = 0.3221-0.0049x and Y Cibogo = 0.0262 + 2.4209x.
The influence of climatic factors on the rate of infection
blast
Based on the results of climatic factors observation
(temperature, humidity), it was showed that in the varieties
of Inpari 7 and Cibogo, the blast disease infection rate was
higher than in the variety of Ciherang (Table 4).
Differences in the rate of blast disease infection could be
affected by different variety resistance to disease, and it can
be inferred from the age of the plant at the time of
becoming infected. According to Ou (1985), the sensitivity
of rice leaves against the infection of P. oryzae was
associated with the silica content in the epidermis cell wall
of the leaf. The lower temperatures and higher humidity
and rainfall, the higher the rate of infection blast disease.
The regression equation used to predict Y variable on each
variety are: Y Inpari 7 = 2.1575 + 0.0193x1-0.02951x2, Y
Ciherang = -1.9602 + 0.0205x1 + 0.0190x2, Y Cibogo =
2.0360 + 0.0065x1-0.0203x2.
Table 3. The intensity of pathogen Pyricularia oryzae attack on
the leaves (%) of Inpari 7, Ciherang and Cibogo varieties on
observations of 1-12 weeks after planting
Observation
Intensity of Pyricularia oryzae attack (%)
on week
Inpari 7
Ciherang
Cibogo
1
5.0
0.0
3.6
2
16.9
0.0
8.1
3
23.9
0.0
11.3
4
36.1
3.0
19.8
5
42.1
5.1
25.9
6
48.9
6.8
26.9
7
49.1
8.8
28.6
8
49.5
11.9
30.6
9
60.9
13.1
40.1
10
72.0
16.8
46.5
11
76.5
19.8
51.8
12
82.1
23.4
56.6
Note: Data from paddy fields in Tanah Merah North Samarinda,
Indonesia

Tabel 4. The rate of blast disease (Pyricularia oryzae) infection
on Inpari 7, Ciherang and Cibogo
Observation
Blast disease infection rate (units/week)
of week
Inpari 7
Ciherang
Cibogo
2
1.213
0.000
0.806
3
0.347
0.000
0.325
4
0.414
0.000
0.562
5
0.153
0.535
0.270
6
0.148
0.275
0.038
7
0.005
0.259
0.063
8
0.008
0.305
0.067
9
0.207
0.100
0.270
10
0.168
0.244
0.147
11
0.061
0.165
0.107
12
0.071
0.168
0.090
Note: Data in paddy fields in Tanah Merah North Samarinda

Spot size
Pyricularia oryzae fungus forms spot on rice plants.
Morphologically, the typical shape of leaf blast spot is
rhombus with two tapered edges (Asyuma 1965; Pasha et
al. 2013; Bevitori and Ghini 2015). The fully-developed
spot has brown edges and is dark green to bluish gray in
color. It reaches a length of 1 to 2.2 cm and a width of 0.30.7 cm with brown edges. Spot on the leaves is vulnerable
and has no clear edge. The spot is surrounded by yellow
color (halo area) especially in a moist environment; in
addition, the development of spot is also influenced by the
susceptibility of varieties and age of the spots themselves.
The spot will not grow and remain as a small dot on the
resistant varieties (Figure 1.A). This is due to the
development of conidia and P. oryzae fungus in the host
tissue is inhibited. The spot will grow for up to a few
millimeters in round and ellipse shape with brown edges on
the susceptible variety (Figure 2.B). This is supported by
the opinion of Herawati (1995) that on the sensitive
varieties and in humid conditions, spot grows steadily until
it reaches the length of 1-1.5 cm and width of 0.3-0.5 cm
with unclear brown edge and is surrounded by pale yellow
color, while spot on resistant varieties did not develop and
remain as a small dot. In a conducive environment, leaf blast
can cause death on susceptible varieties from the young
plants to the saplings (Figure 2c). In Inpari 7 and Cibogo
varieties, the progression of width rate of spot blast disease
is faster than in Ciherang variety. Differences in the
progression of width rate of spot blast disease could be
affected by the resistance of varieties to the disease.
The effect of temperature on the rate of spot width
Spot size is affected by temperature. It is as a result of
the growth and development of pathogens. In Inpari 7 and
Cibogo varieties, spot blast disease rate is more rapid than
in Ciherang variety. It can be said that Ciherang variety is
resistant to the attack of pathogen P. oryzae (Table 1). The
regression equation used to predict Y variable on each
variety are: Y Inpari 7 = -0.6869 + 0.0323x, Y Ciherang =
0.3166-0.0026x, Y Cibogo = 0.1232 + 0.0039x.
The effect of humidity on the rate of spot width
Development of a pathogen can be affected by
humidity. This leads to the development and the vastness of
spot on the leaves which is started by initial symptoms such
as small spots which are gradually enlarged into rhombus
(Figure 1a). In Inpari 7 and Cibogo varieties, spot blast
disease rate is more rapid than in Ciherang variety. It can
be said that Ciherang variety is resistant to the attack of
pathogen P. oryzae (Table 1). The higher the humidity, the
greater the rate of spot width of the disease. During the
study, the humidity ranged from 69-97%. The regression
equations used to predict Y variable on each variety are: Y
Inpari 7 = -1.8841-0.0202x, Y Ciherang = -0.7312 +
0.0118x, Y Cibogo = 0.7179-0.0059x.
The influence of climatic factors
Climatic factors (temperature and humidity) and
cultivation practices can cause diseases that may be found
on leaves with symptoms of a spot in rhombus shape which
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is commonly called as blast disease. Differences in rates of
spot width of leaf blast disease can be influenced by the
different resistance of rice varieties to pathogens. Ciherang
is a resistant variety to the attack of P. oryzae pathogens
since the infection occurs when plants are old (Table 5).
Plant resistance to blast disease is influenced by plant age
(SN et al. 2009). The regression equations used to predict
Y variable on each variety are: Y Inpari 7 = 1.2686 +
0.0105x1-0.0163x2, Y Ciherang = -2.2434 + 0.0259x1 +
0.0213x2, Y Cibogo = 1.1698-0.0077x1-0.0087x2.
The number of Pyricularia oryzae spores
This disease begins when spores of the fungus infected
and produced a spot on the rice plant and end when the
fungus sporulated and produced new spores through the air
on favorable condition. This may occur one week after the
first occurrence and can continue to produce spores for
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more than 20 days at conducive temperature conditions.
High inoculums are very harmful to vulnerable rice plants.
The number of P. oryzae spores caught by the leaf depends
on the wind speed and the position of the leaf or leaf angle.
The greater the angle of the leaf the more spores is caught.
The number of spores on Inpari 7 variety is more numerous
than on Ciherang (Table 6). Differences in the number of
spores can be affected by the resistance of rice variety to
the disease.
The effect of temperature on the number of spores of
Pyricularia oryzae
A number of spores can be grown since there is rice
variety sensitive to the pathogen and to the effect of
temperature. In Inpari 7 and Cibogo varieties, P. oryzae
spores have already occurred on 7 dap, while in Ciherang
variety, P. oryzae spores occurred on 28 dap (Table 1). The

Figure 1. Blast disease (Pyricularia oryzae) infection. A. Spot leaf disease on Ciherang variety in the form of dots, B. Spot leaf disease
forms an unclear edge on Inpari 7 variety, C. The death of the susceptible plant variety (Inpari 7)

Figure 2. The morphology of hyphae, conidia, and colonies of Pyricularia oryzae. A. P. oryzae colonies on a petri dish, B. The form of
hyphae and conidia of P. oryzae in 1000x magnification
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Table 5. The size of blast disease (Pyricularia oryzae) spot on
Inpari 7, Ciherang and Cibogo varieties
Rate of size of blast disease spot (unit/week)
Observation
on week
Inpari 7
Ciherang
Cibogo
2
0.520
0.000
0.000
3
0.659
0.000
0.859
4
0.227
0.000
0.300
5
0.321
0.827
0.348
6
0.053
0.439
0.091
7
0.181
0.182
0.264
8
0.032
0.337
0.123
9
0.080
0.499
0.068
10
0.148
0.123
0.206
11
0.065
0.068
0.115
12
0.061
0.206
0.179
Note: Data in paddy fields in Tanah Merah North Samarinda,
Indonesia

Table 6. Number of Pyricularia oryzae spores on Inpari 7,
Ciherang and Cibogo varieties
Spore number
Observation
on week
Inpari 7
Ciherang
Cibogo
1
337
0
0
2
493
0
123
3
593
0
337
4
680
97
493
5
692
168
620
6
694
223
691
7
735
343
593
8
753
381
623
9
832
390
735
10
878
443
753
11
985
585
832
12
998
634
878
Note: Data in paddy field in Tanah Merah North Samarinda

temperature during the study ranged from 22.3-35oC that
supports the occurrence of P. oryzae spores. Sporulation
can occur at temperatures of 15-30oC. The optimum
temperature for conidial germination and appressorium
establishment is 25-28oC. Appressorium is established after
15 hours of incubation period at a temperature of 20-23oC
(Hashioka 1965). Differences in the number of P. oryzae
spores can be influenced by the different resistance of rice
varieties to blast disease as well as the angle position of
rice plants leaves and wind direction. The regression
equations used to predict Y variable on each variety are: Y
Inpari 7 = 40.0092-0.0165x, Y Ciherang = 31.86180.0139x, Y Cibogo = 34.2187-0.011x. If the temperature is
equal to zero, the rate of P. oryzae spores of Inpari 7
variety is equal to 40.0092, whereas Ciherang variety is
equal to 31.8618, and Cibogo variety is equal to 34.2187.
The influence of moisture on the number of spores of
Pyricularia oryzae
From the three varieties, Ciherang variety has the
lowest amount of spores with the development of blast
disease infection rate in the humidity of 65-97% (Table 1).

Differences in the number of P. oryzae spores can be
affected by the resistance of rice varieties. The higher the
weekly moisture, the greater the number of P. oryzae
spores. As stated by Ou (1985) that resistance is affected
by plant age and the ability to form conidia spots vary
depending on the shape and size of the spot. The sensitivity
of rice plants against infection of P. oryzae has relation
with the silica content on the wall of epidermis cell. The
older plants have higher silica content than younger plants.
The regression equations used to predict Y variable on each
variety are: Y Inpari 7 = 52.8226 + 0.0393x, Y Ciherang =
72.5404 + 0.0320x, Y Cibogo = 65.1877 + 0.0289x. If the
humidity is equal to zero, then the rate of the number of
blast disease spores in Inpari 7 variety is equal to 52.8226,
and in Ciherang variety is equal to 72.5404, while in
Cibogo variety is equal to 65.1877.
The influence of climatic factors on the number of
spores of Pyricularia oryzae
Climatic factors (temperature and humidity) and
cultivation practices can cause diseases that may be found
on leaves with symptoms of a spot in rhombus shape which
is commonly called as blast disease. This disease also
affects the number of P. oryzae spores (Figure 1a).
Ciherang is a resistant variety to the attack of P. oryzae
pathogen, so it has a smaller number of P. oryzae spores
than Inpari 7 and Cibogo varieties (Table 6). Plant disease
occurs because of the variety that is susceptible to
pathogens and sensitive to the influence of climatic factors.
The regression equations used to predict Y variable on each
variety are: Y Inpari 7 = 390.7552-23.5502x1 + 12.2253x2,
Y Ciherang = 46.2009-29.154x1 + 12.8588x2, Y Cibogo = 483.193-24.962x1 + 21.4267x2.
The influence of the number of spores on the pathogen
attack intensity of Pyricularia oryzae
The influence of the spore number on the intensity of
the disease on Inpari 7, Ciherang and Cibogo varieties is
described here. In Inpari 7 variety, the increasing number
of spores is followed by the increasing attack intensity of
the disease and it is showed by the increasing number of
spores per week. The observation shows that the number of
spores and the intensity of the disease attack is highest in
Inpari 7 variety and the smallest number of spores and
intensity of disease attack is in Ciherang (Table 6), which
means that the highest resistance variety is Ciherang and
the most vulnerable variety to the attack of P. oryzae is
Inpari 7. Generally, the more susceptible plant against
infection of P. oryzae, the higher the attack intensity and
the number of spores (Kato 1970). The regression
equations used to predict Y variable on each variety are: Y
Inpari 7 = -41.8296 + 0.1228x, Y Ciherang = -0.5578 +
0.0353x, Y Cibogo = -3.0277 + 0.0578x.
Biology of Pyricularia oryzae
The study of the biology of the pathogen population
which is a synthesis of the disciplines of epidemiology and
pathogen population genetics (Milgroom 2001; Milgroom
and Peever 2003; Titone et al. 2014) is an approach that is
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based on "problem-oriented". Biology of P. oryzae begins
when spores of fungus infected and produced spots on rice
crop and end when the fungus sporulated and produced
new spores through the air on favorable condition. This
cycle may occur one week after the first occurrence and
can continue to produce spores for more than 20 days at
conducive temperature conditions. High inoculums are
very harmful to vulnerable rice plants. As mentioned by
Asyuma (1965) that P. oryzae takes 10-24 days to complete
one cycle of blast disease and that spotting symptoms is
seen four days after inoculation, and 6-7 days later, P.
oryzae produces conidia for as long as 14 days (Figure 2).
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The morphology of hyphae, conidia and colonies of
Pyricularia oryzae
The isolation of P. oryzae used PDA media. The form
of P. oryzae colonies on a petri dish was in the form of
blackish-gray fine threads (Figure 2.A). Conidia appeared
on day 16 after the insulation is done. Morphologically,
when conidia P. oryzae was observed under a microscope,
it was oval opaque with two insulations (three chambers) or
avocado-like with a small indentation on its end that
differentiates it from other conidia. Hyphae of P. oryzae
were very long that they resembled tangled threads, with no
insulation and in the shape of opaque. The size of P. oryzae

Figure 3. Pyricularia oryzae colony growth. A. Observation on day 1, B. Observation on day 4, C. Observation on day 8

Figure 4. The growth of Pyricularia oryzae conidia. A. Observation on 1st day, B. Observation on 2nd day, C. Observation on 3rd day,
D. Observation on 4th day, E. Observation on 5th day, F. Observation on 6th day, G. Observation on 7th day, H. Observation on 8th day,
I. Observation on 9th day

B I O D I V E R S I T A S 18 (2): 701-708, April 2017

708

conidia was very small, and only with the help of a
microscope with 400x magnification, the form of conidia
P. oryzae was quite clearly visible (Figure 2.B).
The growth of Pyricularia oryzae colony
The development of P. oryzae colony was observed to
determine its progress in every observation. In this
research, development of P. oryzae colonies was observed
every four days until conidia were formed. The
observations resulted as follows: on the first observation
(day 1) (Figure 3a)), the colonies could not be measured
since they have not grown yet on the media. On the second
observation (day 4) (Figure 3.B), the colonies began to
appear, but they were still small spots on the leaves of rice
plants with a diameter of 1.2 cm. On the third observation
(day 8) (Figure 3.C), the colonies of P. oryzae reached the
diameter of 2.7 cm. On the fourth observation (day 12), the
colonies of P. oryzae reached the diameter of 5.3 cm. On
fifth observation (day 16), the colonies of P. oryzae
reached the diameter of 6.3 cm (Figure 2.A). With the
indoor temperature ranged 27-33oC and humidity ranged
from 76-80%, the colonies of P. oryzae grew until they
could not grow anymore on day 16.
The growth of Pyricularia oryzae conidia
Based on the research for nine days, the result showed
that the development of conidia on the first day was 2.72
μm, the progress of conidia on the second day was 0.35
μm, it was 0.08μm on the third day, it was 0.17 μm on the
fourth day, it was 0.17 μm on the fifth day, it was 0.21 μm
on the sixth day, it was 0.37 μm on the seventh day, it was
0.10 μm on the eighth day and the development was 0.13
μm on the ninth day (Figure 4).
Milgroom (2001) stated that the difference in conidial
development is influenced by temperature and humidity.
The temperature in the Laboratory of HPT ranged from 2733oC and humidity ranged from 76-80%. According to Ou
(1985), temperature affects the development of germinated
conidia. Effective temperature for fungal growth ranged
from 20-30oC with a relative humidity of above 90%.
Based on the result of the research, it can be concluded
that the most dominant climate factor is temperature. The
temperature of 22.3-29.4oC affects the rate of infection
blast disease, the rate of spot width and the development of
P. oryzae spores. Ciherang is a variety which is resistant to
the attack of pathogens P. oryzae while Inpari 7 and
Cibogo are less resistant varieties.
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Abstract. Muslim T. 2017. Herpetofauna community establishment on the microhabitat as a result of land mines fragmentation in East
Kalimantan, Indonesia. Biodiversitas 18: 709-714. Herpetofauna community is established because of habitat suitability or adaptation
process that forces a species to survive. In the mining region, herpetofauna habitat change has occurred. The loss of natural habitat and
the creation of an artificial habitat result in severance of corridor as a connecting line between herpetofauna habitats so that only
microhabitat remains. Microhabitats of herpetofauna survive on limited food resources. The process of surviving of herpetofauna in
microhabitats is reflected on the phenomenon of the food chain i.e. reptiles act as predators (top) and amphibians are as preys and as
insect predators (middle). In the mining area, an area with a source of water is the destination for all animals, especially herpetofauna,
and it even becomes the microhabitat for certain species. The purpose of this study is to determine the species of herpetofauna, its
communities and its domination on the water area its microhabitats within the mine area. The exploration is carried out by direct
observation (visual encounter surveys). The survey location determination is done intentionally (purposive sampling) on the potential
habitat in some locations of water sources, such as pit dam, settling pond, man-made lake (embung), rivers and swamps. Based on the
similarity index, there are five species of herpetofauna dominating the life in microhabitats and playing role in the formation of food
chain community. Enhydris enhydris and Dendrelaphis pictus are species of snake and act as predator of frog Fejervarya cancrivora
and Polypedates leucomystax.
Keywords: Herpetofauna, microhabitat, fragmentation, mining area

INTRODUCTION
Species diversity is one of the useful variables for
management purposes in conservation. The change in
species richness could be used as a basis for predicting and
evaluating the community's response to the management
activities (Nichols et al. 1998). The change in species
richness is influenced by habitat. The habitat of an organism
can have broad or narrow area. Differences in habitat area
are related to the vast geography that influences the
environmental conditions within these habitats.
Herpetofauna is one of the constituent components of
the ecosystem and has a very important role, both
ecologically and economically (Kusrini et al. 2003).
Herpetofauna also has an important role in maintaining the
balance of the ecosystem, because most herpetofauna
constellates as a predator at the food chain in an ecosystem.
Found only in certain specific habitat, some species of
herpetofauna can be used as bio-indicators of environmental
conditions for herpetofauna responds the environmental
changes (Stebbins and Cohen 1997; Iskandar and Erdellen
2006).
As one of the major islands, Borneo Island has only
done a little research on herpetofauna, especially in the area
of mine reclamation. Around the mine area, there is forest
fragmentation, the reclamation area and forest area outside
the mine area. The presence and the diversity of
herpetofauna are also affected by the surrounding forest
areas outside the mining area, since the species of

herpetofauna from this area may get into the mine area.
Therefore, the species diversity of herpetofauna in the mine
area may vary in each location. But a succession of
herpetofauna is dynamic and evolves in line with the
succession of plants as forming habitats. The rate of
succession herpetofauna relies heavily on reforestation
efforts (Rios-Lopez and Aide 2007). If the purpose of
rehabilitation is to establish a sustainable native ecosystem,
then it must take into account the needs of fauna habitat.
Recolonisation of fauna species into rehabilitated areas can
be encouraged by the provision of suitable habitat. The
establishment of vegetation communities which are similar
to the previous one before the existence of mining activities
should ensure that most species will be back (recolonisation)
as time goes by. The presence of herpetofauna is as an
identifier of an ecosystem, which also means that it can be
used as indicators of the quality of reclamation area that
can be used as an illustration of the success of reclamation
activities (Boer et al. 2014). Therefore, it is necessary to
monitor the presence of herpetofauna species in degraded
areas e.g. mining areas and the reclamation area to find out
the level of environmental capacity to form microhabitat of
herpetofauna.
Efforts to protect the biological component corresponding
conservation purposes are indispensable in the shifting
function of the forest. Changes in habitat conditions
influence the diversity of wildlife including herpetofauna.
Herpetofauna has an important role in maintaining the
balance of the ecosystem, in addition, the presence of
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herpetofauna in mine reclamation area can be used as bioindicators of environmental changes and the success in
reclamation. The food chain is formed because there are a
food source and prey. In the herpetofauna community, the
reptile family, such as snakes, is generally the predator of
some frogs. This study aims to compare the naturallyformed-microhabitat to the microhabitat formed by mining
activities as well as the community formed in a microhabitat
(aqueous) in the area of the mining concession.

is situated in two concession areas, namely Merdeka Block
and Mutiara Block (Figure 1), which generally have
different biophysical characteristics. Merdeka Block is the
mining area of conversion of forest areas through schemes
of Ijin Pinjam Pakai Kawasan Hutan (IPPHK; the Permit
to Borrow-to-Use Forest Areas) covering an area of 1209.4
hectares, while Mutiara Block is an area of Area
Penggunaan Lain (APL; Area of Other Usage), and it is
previously the public land with vegetation of garden plants,
shrubs, palm and secondary forest. At the time of observation,
the mining activities are generally taking place.

MATERIALS AND METHODS
Study area
The location of research is the coal mining area of PT
Pratama Singlurus East Kalimantan. The research location

Procedures
The survey was conducted by determining the sample
plots intentionally (purposive) in particular microhabitat

Captions:
d

Figure 1. Location of research at mining area of PT Singlurus Pratama, Sungai Merdeka and Mutiara Block of Kutai Kartanegara, East
Kalimantan, Indonesia. Location in shaded black is the location of sampling plots of herpetofauna community (PT. Singlurus Pratama
2015)
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(Patch sampling) at locations having water sources, for
example, pit dam, settling pond, ponds, rivers, and swamps.
The sample plots are at 15 points in two locations of
concession areas, namely 9 points are on Merdeka Block
and 6 points are on Mutiara Block. Merdeka Block has
more points of sample plots than the Mutiara Block since
mining activities created more water spots in Merdeka
Block than in Mutiara Block.
The data collection of herpetofauna species was
conducted by direct search method (Visual Encounter
survey). To determine the species of herpetofauna, the
identification is based on books of a field guide of
herpetofauna, i.e. Inger and Stuebing (2005), Das (2004)
and Mistar (2008). To determine the biophysical conditions
in general around microhabitats, it was conducted the
observation, identification, and measurement of habitat
width, vegetation covering land and the base substrate
waters. Herpetofauna exploration was conducted in the
morning at 5: 00 to 11: 00 pm and in the evening at 17: 00
to 22: 00 pm. To assist the surveys, materials, and
equipment were used, such as roll meter, GPS, location
map, grab stick, camera, herpetofauna species
identification guide books.
Data analysis
The collected data is analyzed using similarity index
(Jaccard index) and dissimilarity index (BrayCurtis index)
with the following formula:
The coefficient of similarity:
Jaccard's index (J)= a/a+b+c
a= both species (j and k) were found together
b= species j was found without species k
c= species k was found without species j
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Distance measure (dissimilarity):
Bray-Curtis (B)= Σ |Xij - Xik| /Σ(Xij + Xik)

RESULTS AND DISCUSSION
Community of Herpetofauna
At 15 locations of observation, species of herpetofauna
were found in 80% of locations surveyed. The survey
found five species of herpetofauna consisting of two
amphibians and three reptiles. The five species were
Fejervarya cancrivora toad and Polypedates leucomystax
toad (amphibians) and eutropis multifasciata lizard,
Dendrelaphis Pictus snake and Enhydris enhydris snake
(reptiles). From all these observations points, five species
were found simultaneously in six locations, only 1-2
species were found in other locations, but none were found
on other three observation points. The herpetofauna species
are easier to find on the artificial habitats which are formed
intentionally from the mining activities than on natural
habitat. Two species are found on Pit DAM, three species
on Settling Pond, three species on water reservoirs
(Embung) and one species were found in the ditch. While
in natural habitats, such as marsh, herpetofauna species is
found only one and two species are found on the river
(Figure 2).
Based on the species comparison, the reptile class is
higher than the amphibian class, but the number of
amphibian individuals is higher than reptile individuals. So,
the value of similarity index (Jaccard index) is not always
higher than the dissimilarity index (Bray-Curtis index)
which is based on the comparison of the number of
individuals. Five species of herpetofauna which were
compared based on similarity index have a value ranging

25

Total of Individual

20

15

10

5

Figure 2. Number of herpetofauna species found in several survey locations
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Table 1. Value of similarity index (Jaccard Index) of
herpetofauna species
><
1
2
3
4
5

1
x
x
x
x
x

2
0.6
x
x
x
x

3
0.75
0.67
x
x
x

4
0.6
0.7
0.6
x
x

Table 2. Value of dissimilarity index (Bray-Curtis index) which is
based on the ratio of the number of individuals among species

5
0.6
0.7
0.8
0.6
x

><
1
2
3
4
5

Note: 1. Eutropis multifasciata, 2. Enhydris enhydris, 3.
Dendrelaphis pictus, 4. Fejervarya cancrivora, 5. Polypedates
leucomystax

1
x
x
x
x
x

2
0.29
x
x
x
x

3
0.54
0.64
x
x
x

4
0.64
0.64
0.85
x
x

5
0.61
0.55
0.78
0.33
x

Note: 1. Eutropis multifasciata, 2. Enhydris enhydris, 3.
Dendrelaphis pictus, 4. Fejervarya cancrivora, 5. Polypedates
leucomystax

Table 3. Characteristic of microhabitat of surveyed herpetofauna

Characteristic
Width (M²)
Vegetation cover
Scleria puspurascens
Melastoma malabatricum
Mimosa pudica
Alpinia sp.
Ageratum conyzoides
Eupatorium odoratum
Echinocloa colonum
Bauhinia lingua
Paspalum conjugatum
Pandanus sp.
Solanum torvum
Stenochlaena palutris
Lygodium microphyllum
Clidemia hirta
Lycopodium cernum
Gleichenia linearis
Thespesia populnea
Percentage of covered area (%)
Water color
Brown
Yellow
Clear
Substrate of water base
Mud
Sand
Rock

Location
Pit DAM
Settling Pond
Man-made lake (Embung)
Marsh
River
Ditch
I
II
I II III IV
I
II
III
I II III I II
13750 15000 600 400 300 500
64
100
36
200 300 1000 800 600 200
√
√
√

√
√
√

√
√
√

√
√

√
√

√
√

√
√
√
√

√
√
√

√
√

√
√

√
√
√

√
√

√

√
√

√

√
√
√

√

√
√
√

√
√
√
√
√

√

6.66

√

√

30 15

5

40

√

√
√

√
√

√

√

20

7

√

25

32

√

√

√
√

√
√

40 50

35

1,5

√
√

√

√

√
√
√

√
4.36

√

√
√

√

√

from 0.6 to 0.8. It shows that the chance for several
different species to be discovered in the same location is
relatively large (Table 1). The value of dissimilarity index
which is calculated based on the number of individuals of
each species is from 0.29 to 0.85 (Table 2). It shows that
the number of individual of each species found together in
a single location varied and tends to be in larger
differences.

√

√

√

√

√

√
√

√

√

√

√
√

√
√

√
√
√

√
√

Microhabitat
The characteristics of habitat as the observation point
and as a place of herpetofauna encounter are natural puddle
and artificial puddle, such as Pit DAM, Settling Pond, manmade lake (embung), marsh and ditch with undergrowth
vegetation dominance of Scleria puspurascens, Melastoma
malabatricum, Mimosa pudica. While the vegetation
around the river is dominated by Pandanus sp. and Scleria
puspurascens (Table 3).

MUSLIM – Herpetofauna community on the land mines fragmentation
The percentage of covered area vary among locations
with a range from 4% to 50%. The vastness of watery area
being surveyed ranges from 200 to 15,000 M2. Pit DAM
has a large area but with only small vegetation cover,
whereas marsh has a smaller size than the Pit DAM but
with a greater percentage of coverage, and man-made lake
(embung) has an area of only 64 meter2, but with
vegetation coverage of almost 50 % of the acreage.
Discussion
The low number of species in a particular habitat may
indicate a low environmental quality since one of the
causes of declining populations is habitat destruction
(Denoël 2012). Fragmentation of land is an obvious
example of habitat destruction in mining areas, especially
on the use of forest areas with the schemes of the borrowto-use permit. Fragmentation of land resulted in the
dissolution of herpetofauna habitat by a network of mining
roads, sediment in the river, the closing of the water
catchment areas such as swamps and rivers. And also, the
change and the reduction of vegetation-covered land affect
the micro-climate such as temperature and humidity which
can break the food chain in the ecosystem. It will lead to
the decline of herpetofauna biodiversity and the natural
habitat may be replaced by a new microhabitat having
different species composition. In the natural habitat and the
artificial habitat formed by the mining activities with
narrower vastness, the survived herpetofauna form a new
limited ecosystem. Herpetofauna which has exothermic
properties and has relatively narrow exploration power due
to limited capabilities (Walton 2012), so it takes some time
in rehabilitation and revegetation of the presence of
herpetofauna in the final sequence of succession.
(Sudarmadji et al. 2016). For certain types of herpetofauna,
it can also be interpreted as a special habitat (microhabitat).
A habitat can be used to predict how the selection and
preferences of these animals in their habitat (Garshelis
2000). A selection of resources by wildlife could become
important information to determine the relationship
between nature with wildlife and the way they find their
needs to survive (Manly et al. 2002). The vast size of the
habitat does not guarantee the habitat has a better carrying
capacity of the environment, as shown by the result of
exploration on the location of Pit DAM that has wider size
of area than the Settling Pond or the man-made lake
(embung) (Table 3) and only has a few individuals of
herpetofauna. Even, only one species is found on Pit DAM
II. In Pit DAM, the percentage of covered area is also
relatively smaller and tends to be dominated by only 1-2
species of vegetation. The small percentage of covered area
in the Pit DAM brings to the lack of protection for
herpetofauna species, and it becomes the reason why there
are only a few number of herpetofauna species live in this
habitat. Meanwhile, according to the assumption of Walton
(2012) that the broad aqueous areas within the mine area
are a source of population for many species of
herpetofauna. It takes a long time to restore the wealth of
the species as the initial conditions with the consideration
that the process of rehabilitation and revegetation is done
appropriately, and with the priority, to the area around the
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pit DAM. (Walton 2012). Because of the length of
revegetation or restoration process, a good prediction in
restoring the species richness of herpetofauna, especially
amphibians, can not be done (Lehtinen et al. 2001). Wanda
et al. (2012) explain that the heterogeneity of vegetation
types in a habitat also affects the diversity of frogs (Anura).
The same opinion is also expressed by Rios-Lopez and
Aide (2007) which states to increase the wealth of species;
it is necessary to increase the heterogeneity of types of
vegetation. The number of reptile species is higher than the
number of amphibian species, but the number of
individuals of amphibians is far greater than reptiles.
Muslim et al. (2016) mentions the highest number of
individual of the amphibians class is dominated by species
Polypedates leucomystax (Rhacophoridae) and Fejervarya
cancrivora (Ranidae). The higher number of amphibian
individuals than reptile individuals are likely to show the
phenomenon of healthy ecosystems since species of
reptiles, especially snakes, play role as a predator for most
amphibians.
The impact of mining activities is clearly to minimize
herpetofauna habitat into homogeneous and fragmented
microhabitat with the declining of species richness
(Loughman 2005). The similarity index generally indicates
that the location used as habitat for five species of
herpetofauna is suitable habitat, so it is possible that habitat
with such characteristics is a microhabitat. The index of
similarity also shows that in the species being compared,
the highest value is found on paired species. The value can
also mean the association of the two species, namely when
one species of the pair is found in a habitat then the chance
for its paired species to be found in that same habitat is
very big. In other words, it is bioindicator for other species
(Simon et al. 2012). Some of these phenomena are also
found in the field in the form of predation of frog
Fejervarya cancrivora by snake Enhydris enhydris and
snakes Dendrelaphis pictus which is suspected as the main
predator of frog Polypedates leucomystax because these
species are found in vegetation. While lizards Eutropis
multifasciata allegedly only prey on insects around the area
so that it can be regarded as a competitor for the two
species of frogs. Polypedates leucomystax which is a tree
frog species highly depends on the presence of vegetation
and water. Also mentioned by Gunzburger and Travis
(2004) that a tree frog is positively associated with the
presence of aquatic vegetation. Meanwhile, a lizard eating
habits are based on research by Kurniati et al. (2000).
Kurniati et al. (2000) state that the primary feed source of
lizard is insects (84.59%), although there are different
species of lizards that prey on house lizards as revealed by
Paulino et al. (2015). In the reproductive behavior of
lizards, the presence of water is an ideal condition
(Teyssier et al. 2014). Enhydris enhydris is often found in
waterways, fish pond, rice fields, swamps and small rivers
with calm current, feed on small fish, and often become
pests in pisciculture (Wiguna et al. 2009).
Many factors influence the formation of an ecosystem
within a habitat. There are many factors that can affect the
selection of resources. These factors include population
density, competition with other species, natural selection,
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chemical composition and texture of food plants, heredity,
predation, patch size and distance between patches (Manly
et al. 2002). From some of the results of this study, it can
be concluded that the presence of water and the vegetationcovered area has an important role as the main factor of
forming an ecosystem and starting the new life of a
succession. Solsky et al. (2014) mention that a certain
species which natural habitat is terrestrial/arboreal should
migrate towards the source of water during spawning.
Some species of herpetofauna particularly amphibians will
be rare, or even, extinct when they have to live away from
the water source (Vitt et al. 2009). Habitat with stagnant
water conditions as a result of mining activities is same
with natural habitat with the stagnant waters as a
microhabitat for certain species. As the time goes, the
succession will evolve naturally and the species will be
more diverse with the same species richness but not the
same composition of species (Walton 2012)
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Abstract. Harahap SP, Fitmawati, Sofiyanti N. 2017. Short Communication: Phylogenetic analysis of mango (Mangifera) in Northern
Sumatra based on gene sequences of cpDNA trnL-F intergenic spacer. Biodiversitas 18: 715-719. Northern Sumatra is an area with
geographical variation. The environmental factors are affected on character plasticity such as found in Anacardiaceae family especially
Mangifera genus. The character plasticity of Mangifera members raises a problem in determining clear boundaries between species
based on morphological character. Therefore, a molecular approach is necessary to provide a specific character among Mangifera
species. This study aimed to reconstruct the phylogeny among Mangifera members in Northern Sumatra based on the sequences of trnLF intergenic spacer. All of the sequences were aligned by using Clustal W and Cladogram was reconstructed by using PAUP by
Maximum Parsimony (MP) and Neighbour-Joining (NJ) methods. The MP cladogram produced two in groups i.e., clade I consist of M.
odorata1, M. odorata2, M. laurina1, M. laurina2, M. indica, M. zeylanica, M. quadrifida and Mangifera sp. and clade II consisted of M.
foetida1 and M. foetida2. Based on the NJ method, it was obtained M. laurina2 which had the highest genetic distance among other
members of Mangifera. The trnL-F intergenic spacer with a low sequences variation indicated that this region was highly conserved and
had a low evolution rate in Mangifera.
Keywords: Northern Sumatra, Mangifera, molecular phylogeny, trnL-F intergenic spacer

INTRODUCTION
Mango (Mangifera) is the largest genus of
Anacardiaceae family and grows in tropical regions. A
mango tree can grow in a wide range of rainfall volumes
and patterns. The most of Mangifera was distributed in the
tropical region of Asia (India, Burma, Sri Lanka, Thailand,
South Tropical China, Malaysia, Indonesia, Papua New
Guinea, the Philippines and the Solomon Islands)
(Kosterman and Bompard 1993). Mangifera distribution in
Northern Sumatra consists of Nangroe Aceh Darussalam
and North Sumatra provinces. Northern Sumatra has a
unique geographic condition and Mangifera was well
adapted in this region (Fitmawati 2015). Mango in Sumatra
is well adapted to high rainfall volumes, and the flower is
not easy to fall out and capable to fruit out of season
(Fitmawati 2008), but in the last decade, Mangifera
existence was threatened by deforestation and forest
conversion which is as a source of germplasm.
In spite of the uniqueness of mango, a high character
plasticity in Mangifera members raises a matter in a
delimitation based on a morphology character. In the most
current classification of Mangifera, it was described 58
species with 11 species in uncertain position by Kosterman
and Bompard (1993). According to Mukherjee (1958),
Mangifera origin comes from one ancestor, contradicted by
Kosterman and Bompard (1993) stated that Mangifera
origin comes from two different ancestors. Therefore, a
molecular approach is necessary to provide a specific

character among Mangifera members.
A molecular approach based on cpDNA has been used
to study a phylogenetic relationship. One of the most
frequent markers used by plant systematist is a trnL-F
intergenic spacer. This non-coding region has a high rate of
mutation, easily isolated, purified and cloned and relatively
small in size. cpDNA is also suitable to investigate a
phylogenetic relationship (Taberlet et al. 1991). The most
of the structural mutation in cpDNA is small indel from 110 bp. (Vijeberg and Bachmann 1999). Another research
about the use of trnL-F region in land plants and suitable to
provide a phylogenetic information in Junacaeae
(Drabkova 2004) and Mangifera had been conducted by
Fitmawati and Hartana (2010) for Mangifera laurina and
related species and by Dinesh et al. (2015) for Mangifera
indica relatives. But for mango Sumatra, especially in
Northern Sumatra, has not been done yet. This study aimed
to reconstruct the phylogeny among Mangifera members in
Northern Sumatra based on the gene sequences of the trnLF intergenic spacer.

MATERIALS AND METHODS
Plant materials
Fresh leaf of mango used in this study for DNA
extraction and specimens was collected from Nangroe
Aceh Darussalam and North Sumatra. The list of plant
material used could be seen in Table 1.
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Table 1. Plant materials, their geographic origins, and codes used in this
Species

Origin

Mangifera foetida Lour
Mangifera foetida Lour
Mangifera indica Lour
Mangifera laurina Bl
Mangifera laurina Bl
Mangifera odorata Griff
Mangifera odorata Griff
Mangifera quadrifida Jack
Mangifera sp.
Mangifera Zeylanica (Bl.) Hooker f.

Coordinate

Aceh Tengah, Aceh
Rantau Prapat, Labuhanbatu, N. Sumatra
Aceh Besar, Aceh
Takengon, Aceh Tengah, Aceh
Medan, N. Sumatra
Aceh Barat, Aceh
Medan, N. Sumatra
Aceh Barat, Aceh
Sipirok, Tapanuli Selatan, N. Sumatra
Aceh Tenggara, Aceh

DNA extraction
The DNA was isolated from 2 g young leaf tissue at the
terminal position by using a modified CTAB method of
Doyle and Doyle (1987) and precipitated by using ethanol
96% about 24 h at 4oC. Pellet was washed with 70%
ethanol. DNA was stored in TE buffer at -20oC until to be
required.
DNA sequencing and cloning PCR products
The highest yield of polymerase chain reaction (PCR)
products was achieved by using this following condition.
The PCR reaction 50 µL consisted of 10-50 ng/µL genomic
DNA, 10 pmol of each primer, Dream Taq Buffer 10x, and
2mM dNTP Mix. The PCR reaction was conducted
according to Small et al. (2005) consisted of an activation
step of denaturation 95oC for 4 m, an annealing step of
52oC for 1 m, and an extension step of 72oC for 1 m 30s.
The PCR mixture underwent for 35 cycles. The PCR
products were run on 1.2% agarose gel electrophoresis at
110 volts for 30 minutes. The PCR products were
sequenced at First Base Laboratories, Malaysia.
Phylogenetic analysis
DNA sequences of mangoes and out-group of the trnLF region were aligned by using Clustal W Multiple
Allignment in Bioedit. The phylogenetic tree was
constructed with Maximum Parsimony (MP) and
Neighbour Joining (NJ) by using PAUP* 40.b10 (Swofford
2002). The appearance of the phylogenetic tree was
showed by using a tree view.

Code

N 04’08’12.7”; E 96’09’57.4’’
N 02’55’15.5”; E 97’29’41.0’’
N 05’20’44.8”; E 95’14’29.7’’
N 04’36’18.6”; E 96’51’56.7’’
N 03’38’14.4 “; E 97’41’53.8’’;
N 04’06’18.0”; E 96’11’55.6’’
N 03’31’50.1”; E 98’37’12.0’’;
N 04’13’34.3”; E 96’04’00.6’’
N 01’54’03.1”; E 99’23’57.6’’
N 05’32’51.8”; E 95’20’02.5’’

M. foetida1
M. foetida2
M. indica
M. laurina1
M. laurina2
M. odorata1
M. odorata1
M. quadrifida
Mangifera sp.
M. zeylanica

RESULTS AND DISCUSSION
Phylogenetic tree result
Multiple alignment analysis was performed by using
Clustal X. The alignment of trnL-F comprised 433
characters. From these results, 199 characters were
constant, 222 characters were parsimony uninformative,
and nine characters were potentially parsimony
informative. The reconstruction of a phylogenetic tree by
using PAUP resulted in a consistency index (CI) of 0.97
and a retention index (RI) of 0.84. The phylogenetic tree as
shown in Figure 1 was constructed by using Maximum
Parsimony method with bootstrap 1000x. Neighbour
Joining method was also used to show the difference of
genetic distance and to analyze the sequences similarity
among the samples.
Nucleotides composition claimed in G+C content which
defined as a proportion of cytosine and guanine from whole
nucleotides in the genome (Mesbah et al. 1989). The G+C
content of Mangifera was approximately 36.4. From all
sequences, a gap was found and assumed as insertion and
deletion (indels). Insertion and deletion were defined as the
process of mutations. From 10 kinds Mangifera, 15
deletions were found in these sequences (Table 2). Plastid
DNA apparently does not undergo a recombination. The
variation in cpDNA was commonly caused by a mutation
of a single nucleotide in a long period (Fitmawati and
Hartana 2008).

Table 2. Characteristic of trnL-F intergenic spacer region among Mangifera and out-group.
Length
range
(nt)
Mangifera spp.
All sequences

410-427

Lenght
Alignment
mean
length (nt)
(nt)

G+C
content
(%)

G+C
No. of
No. of
Tree
mean Indels polymorphic informative
length
(%)
site
site

CI

RI

RC

418.5

433

35.1-37.7

36.4

15

20

9

21

0.8

0.85

0.68

Mangifera spp. + 1 taxa out-group
All sequences
410-445 427.5

433

35.1-37.7

36.4

36

63

9

245

0.97

0.84

0.82

Noted: CI = Consistency index, RI = retention index, RC = rescaled consistency index
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Table 3. Alignment of trnL-F DNA intergenic spacer sequences of ten mangoes and out-group
Species
Bouea
M. sp
M. lau1
M. lau2
M. odo1
M. odo2
M. zey
M. qua
M. ind
M. foe1
M. foe2

The DNA sequences
AACTAATTAATCAATCGGACGAGAATAAAGATAGAGTCCCATTCTACATGCCAATATCAATACTGGCAACAAT
CCATTTCTC-TCAGCTGAGCTATCCCGACCATTA---CCGACGCATCATTTTCATTTTACTAGATGGTTGGGT
TATCCTCTC-TCAGCTGAGCTATCCCGACCATTA---CCGACGCATCATTTTCATTTTACTAGATGGGTTGGG
ACTCCTCTC-TCAGCTGAGCTATCCCGACCATTA---CCGACGCATCATTTTCATTTTACTAGATGGGTTGGG
AACTAGCTC-TCAGCTGAGCTATCCCGACCATTA---CCGACGCATCATTTTCATTTTACTAGATGGGTTGGG
GACTAGCTC-TCAGCTGAGCTATCCCGACCATTA---CCGACGCATCATTTTCATTTTACTAGATGGGTTGGG
TCTCTGCTC-TCAGCTGAGCTATCCCGACCATTA---CCGACGCATCATTTTCATTTTACTAGATGGGTTGGG
CTCTGGCTC-TCAGCTGAGCTATCCCGACCATTA---CCGACGCATCATTTTCATTTTACTAGATGGGTTGGG
ATCTTGCTC-TCAGCTGAGCTATCCCGACCATTA---CCGACGCATCATTTTCATTTTACTAGATGGGTTGGG
AGCTC-TCAGCTGAGCTATCCCGACCATTA---CCGACGCATCATTTTCATTTTACTAGATGGGT
AGCTC-TCAGCTGAGCTATCCCGACCATTA---CCGACGCATCATTTTCATTTTACTAGATGGGT

Bouea
M. sp
M. lau1
M. lau2
M. odo1
M. odo2
M. zey
M. qua
M. ind
M. foe1
M. foe2

GAAATTTATAGTAAGAGGAAAATCCGTCGACTTTAGAAATCGTGAGGGTTCAAGTCCCTCTATCCCCAAATC
CGATGTCAATTAAAAAAGACGCAATTCAGTATTAAAAGTCTTGGACGGGAAATTGCATTT---CTTGAATAT
TCGATGTCAATTAAAAAAGACGCAATTCAGTATTAAAAGTCTTGGACGGGAAATTGCATTT---CTTGAATAT
TCGATGTCAATTAAAAAAGACGCAATTCAGTATTAAAAGTCTTGGACGGGAAATTGCATTT---CTTGAATAT
TCGATGTCAATTAAAAAAGACGCAATTCAGTATTAAAAGTCTTGGACGGGAAATTGCATTT---CTTGAATAT
CGATGTCAATTAAAAAAGACGCAATTCAGTATTAAAAGTCTTGGACGGGAAATTGCATTT---CTTGAATAT
TCGATGTCAATTAAAAAAGACGCAATTCAGTATTAAAAGTCTTGGACGGGAAATTGCATTT---CTTGAATAT
TCGATGTCAATTAAAAAAGACGCAATTCAGTATTAAAAGTCTTGGACGGGAAATTGCATTT---CTTGAATAT
TCGATGTCAATTAAAAAAGACGCAATTCAGTATTAAAAGTCTTGGACGGGAAATTGCATTT---CTTGAATAT
TGGGTCGATGTCAATTAAAAAAGACGCAATTCAGTATTAAAAGTCTTGGACGGG---AAATTGCA
TGGGTCGATGTCAATTAAAAAAGACGCAATTCAGTATTAAAAGTCTTGGACGGG---AAATTGCA

Bouea
M. sp
M. lau1
M. lau2
M. odo1
M. odo2
M. zey
M. qua
M. ind
M. foe1
M. foe2

CCCCCAAAAAGGGCCCATTTAACTCCCTAACGATTTATCCTATGT-TAGTGGTTCCAATTTCGTTATGTTC
TCAAAAAGAAGACTTTGTAAGTTTCAGTATGAGCAATGAGATGGATTGTGAATC-ATTCACATGGAGATTC
TCAAAAAGAAGACTTTGTAAGTTTCAGTATGAGCAATGAGATGGATTGTGAATC-ATTCACATGGAGATTC
TCAAAAAGAAGACTTTGTAAGTTTCAGTATGAGCAATGAGATGGATTGTGAATC-ATTCACATGGAGATTC
TCAAAAAGAAGACTTTGTAAGTTTCAGTATGAGCAATGAGATGGATTGTGAATC-ATTCACATGGAGATTC
TCAAAAAGAAGACTTTGTAAGTTTCAGTATGAGCAATGAGATGGATTGTGAATC-ATTCACATGGAGATTC
TCAAAAAGAAGACTTTGTAAGTTTCAGTATGAGCAATGAGATGGATTGTGAATC-ATTCACATGGAGATTC
TCAAAAAGAAGACTTTGTAAGTTTCAGTATGAGCAATGAGATGGATTGTGAATC-ATTCACATGGAGATTC
TCAAAAAGAAGACTTTGTAAGTTTCAGTATGAGCAATGAGATGGATTGTGAATC-ATTCACATGGAGATTC
TCAAAAAGAAGACTTTGTAAGTTTCAGTATGAGCAATGAGATGGATTGTGAATC-ATTCACATGGAGATT
TCAAAAAGAAGACTTTGTAAGTTTCAGTATGAGCAATGAGATGGATTGTGAATC-ATTCACATGGAGATT

Bouea
M. sp
M. lau1
M. lau2
M. odo1
M. odo2
M. zey
M. qua
M. ind
M. foe1
M. foe2

TCTCA--TTCATCCTACTCTTTTCCATTT-------GTATCCGAGCAGAATTTTTTCTCTTATCATACACAA
CTTGCTCCAAAGTGTTCATTTCTACGTGTATCCTATATACCACACGACTTGTATATGATAAGAGAAAAAATT
CCTGCTCCAAAGTGTTCATTTCTACGTGTATCCTATATACCACACGACTTGTATATGATAAGAGAAAAAATT
CCTGCTCCAAAGTGTTCATTTCTACGTGTATCCTATATACCACACGACTTGTATATGATAAGAGAAAAAATT
CTTGCTCCAAAGTGTTCATTTCTACGTGTATCCTATATACCACACGACTTGTATATGATAAGAGAAAAAATT
CTTGCTCCAAAGTGTTCATTTCTACGTGTATCCTATATACCACACGACTTGTATATGATAAGAGAAAAAATT
CCTGCTCCAAAGTGTTCATTTCTACGTGTATCCTATATACCACACGACTTGTATATGATAAGAGAAAAAATT
CTTGCTCCAAAGTGTTCATTTCTACGTGTATCCTATATACCACACGACTTGTATATGATAAGAGAAAAAATT
CCTGCTCCAAAGTGTTCATTTCTACGTGTATCCTATATACCACACGACTTGTATATGATAAGAGAAAAAATT
CCTTGCTCCAAAGTGTTCATTTCTACGTGTATCCTATATACCACACGACTTGTATATGATAAGAGAAAAAAT
CCTTGCTCCAAAGTGTTCATTTCTACGTGTATCCTATATACCACACGACTTGTATATGATAAGAGAAAAAAT

Bouea
M. sp
M. lau1
M. lau2
M. odo1
M. odo2
M. zey
M. qua
M. ind
M. foe1
M. foe2

GTCGTGTGGTATATAGGATACACGTAGAAATGAACACTTTGGAGCAAGGAATCTCCATGTGAATGATTCAC
CTGCTCGGATAC-GTTTGTAAATGGAAAAGAGTAGGATGAATGA--GAAACATAACGAAATTGGAACCGCT
CTGCTCGGATAC-GTTTGTAAATGGAAAAGAGTAGGATGAATGA--GAAACATAACGAAATTGGAACCGCT
CTGCTCGGATAC-GTTTGTAAATGGAAAAGAGTAGGATGAATGA--GAAACATAACGAAATTGGAACCGCT
CTGCTCGGATAC-GTTTGTAAATGGAAAAGAGTAGGATGAATGA--GAAACATAACGAAATTGGAACCGCT
CTGCTCGGATAC-GTTTGTAAATGGAAAAGAGTAGGATGAATGA--GAAACATAACGAAATTGGAACCGCT
CTGCTCGGATAC-GTTTGTAAATGGAAAAGAGTAGGATGAATGA--GAAACATAACGAAATTGGAACCGCT
CTGCTCGGATAC-GTTTGTAAATGGAAAAGAGTAGGATGAATGA--GAAACATAACGAAATTGGAACCGCT
CTGCTCGGATAC-GTTTGTAAATGGAAAAGAGTAGGATGAATGA--GAAACATAACGAAATTGGAACCGCT
CTGCTCGGATAC-GTTTGTAAATGGAAAAGAGTAGGATGAATGA--GAAACATAACGAAATTGGAACCGCT
CTGCTCGGATAC-GTTTGTAAATGGAAAAGAGTAGGATGAATGA--GAAACATAACGAAATTGGAACCGCT

Bouea
M. sp
M. lau1
M. lau2
M. odo1
M. odo2
M. zey
M. qua
M. ind
M. foe1
M. foe2

AATCCATCTCATTGCTCATACTGAAACTTACAAAGTCTTCTTTTTGAATATTCAAGAAATGCAATTTCCCGT
AACATAGGATAAATCGTTAGGGAGTTAAATGAGCCCTTTTTGGGGGGATTTGGGGATAGAGGGACTTGAACC
AACATAGGATAAATCGTTAGGGAGTTAAATGGGCCCTTTTTGGGGGGATTTGGGGATAGAGGGACTTGAACCA
AACATAGGATAAATCGTTAGGGAGTTAAATGGGCCCTTTTTGGGGGGATTTGGGGATAGAGGGACTTGAACCA
AACATAGGATAAATCGTTAGGGAGTTAAATGAGCCCTTTTTTGGGGGATTTGGGGATAGAGGACCTTGAACCA
AACATAGGATAAATCGTTAGGGAGTTAAATGAGCCCTTTTTTGGGGGATTTGGGGATAGAGGGACTTGAACCA
AACATAGGATAAATCGTTAGGGAGTTAAATGGGCCCTTTTTGGGGGGATTTGGGGATAGAGGGACTTGAACCA
AACATAGGATAAATCGTTAGGGAGTTAAATGAGCCCTTTTTGGGGGGATTTGGGGATAGAGGAACTTGAACCA
AACATAGGATAAATCGTTAGGGAGTTAAATGGGCCCTTTTTGGGGGGATTTGGGGATAGAGGAACTTGAACCA
AACATAGGATAAATCGTTAGGGAGTTAAATGAGCCCTTTTTTGGGGGATTTGGGGATAAA-------------TAGGATAAATCGTTAGGGAGTTAAATGAGCCCTTTTTTGGGGGATTTGGGGATA------------
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Figure 1. Cladogram of Mangifera based on trnL-F sequences
with Maximum Parsimony Method with a bootstrap value above
the branch.

Figure 2. The cladogram of Mangifera based on trnL-F sequences
with a Neighbour-Joining method. The number of branches
indicated bootstrap values 100x

Phylogenetic analyses of Mangifera
From the result of Parsimony analysis based on the
sequences data of trnL-F intergenic spacer of Mangifera in
Northern Sumatra, it was obtained a cladogram with the
first clade consisted of several Mangifera, i.e. M. odorata1,
M. odorata2, M. indica, M. zeylanica, M. laurina1, M.
laurina2, M. quadrifida and Mangifera sp., and clade II
consisted of M. foetida1 and M. foetida2 only. Based on
Neighbour-Joining analysis which showed differences,
Neighbour Joining tree showed tree clades in which the
first clad consisted of M. odorata1, M. odorata2, M. indica,
M. zeylanica, M. laurina1, M. laurina2, M. quadrifida and
Mangifera sp., the second clade consisted of M. foetida1
only, and the third clade consisted of M. foetida2 only. Both
of this M. foetida were separated and formed each clade.

A phylogenetic analysis was conducted by using a
Maximum Parsimony method to get a phylogenetic tree, in
which the tree was a monophyletic tree with two main
clades. Clade I and Clade II were separated because of the
different nucleotide in 4, 420, 422 (A-G), 425 (C-T), 426
and 427 (C-G). The first clade consisted of two subclades,
i.e. subclade IA and subclade IB, while the second clade
consisted of just M. foetida1 and M. foetida2. Subclade IA
consisted of just M. odorata1 and M. odorata2 which joined
into a sister group with a different nucleotide in 218 (C-T)
and 418 (G-A). Both of these Mangifera came from two
different regions, because of just a few sample was
inadequate to show a diversification.
The subclade IA, M. odorata among M. foetida and
another Mangifera, showed a unique position by became an
intermediate of subgenus Limus and Mangifera. This
species belonged to subgenus Limus according to
Kosterman and Bompard (1993). It suggested that M.
odorata was a hybrid from M. foetida and M. odorata (Hou
1978), and another molecular evidence by Eiadthong and
Yonenomori (2000) based on AFLP analysis also
suggested that this Mangifera was a natural hybrid from M.
foetida and M. indica.
The subclade IB consisted of M. indica, M. zeylanica,
M. laurina, Mangifera sp. and M. quadrifida. From this
subclade IB, M. indica joined to M. zeylanica that formed a
sister group with a similarity of morphological character
has a cushion-like floral disk and the number of the fertile
stamen is just one, it was very rarely (Kosterman and
Bompard 1993). Based on a morphological character of M.
indica and M. zeylanica showed some similarities by
grouping into a sister group (Fitmawati et al. 2013) and so
does by trnL-F sequences. In subclade IB, Mangifera sp.
was separated from M. quadrifida and M. laurina.
Mangifera sp. was assumed as a new species.
Based on Neighbour-Joining method (Figure 2),
Mangifera formed three clades. Mangifera laurina2 had the
longest branch and this species was assumed as a species
which underwent a highest changing character. Other
molecular evidence was conducted by Fitmawati and
Hartana (2010) and showed that M. laurina had the longest
branch, but the earlier occurrence showed that M. foetida
was earlier than others Mangifera. Mangifera foetida was
suggested as a progenitor from other Mangifera. Based on
the morphological characters, M. foetida was more
primitive than M. laurina. Fitmawati (2015) classified M.
foetida as a wild type and M. laurina was a semi-wild type.
This study demonstrated that trnL-F region clearly
separated M. foetida which belonged to subgenus Limus
and subgenus Mangifera, and showed a unique position of
M. odorata which presumed as a hybrid from M. foetida
and M. indica.
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Abstract. Sumartini. 2017. Short Communication: Biocontrol activity of Phyllosphere fungi on mungbean leaves against Cercospora
canescens. Biodiversitas 18: 720-726. Examination of biocontrol activity of phyllosphere fungi on mungbean leaves against Cercospora
canescens, a causal agent of mungbean leaf spot disease, was conducted during February-July 2016. Samples of symptomatic mungbean
leaves were collected from several production areas in East and Central Java. Symptomatic leaves with leaf spot were collected
randomly by detaching the symptomatic leaves and kept in a plastic bag for laboratory studies. Fungi associated with leaf spot were
isolated using surface sterilized technique on PDA medium. In vitro and in vivo antagonism assay was carried out in the laboratory and
greenhouse, respectively. Fungi associated with leaf spot on mungbeans such as Fusarium spp., Curvularia spp., Aspergillus flavus, and
Nigrospora sp. were tested against C. canescens in the antagonism assay. Highest inhibition activity against C. canescens was found on
Fusarium sp. 2 (KH-KJP-1B) (in vitro = 61%, in vivo = 19.63%) and Curvularia sp.1 (KH-JBG-B) (in vitro = 66%, in vivo = 16.46%).
Keywords: biocontrol, Cercospora leaf spot, mungbean, phyllosphere fungi

INTRODUCTION
Mungbean [Vigna radiata (L.) R.Wilczek] is an
important plant because contains 23-29% of protein
(Ginting et al. 2008). This plant, therefore, provides high
nutrition for the majority of Indonesian people that used to
eat mungbean sprout. Several commercial snacks were also
made from mungbean seeds. Mungbean is usually planted
after the first and second of harvest season of rice harvest
or after harvest season of rice and soybean, or after rice and
corn harvest season. However, production of mungbean in
Indonesia has been decreased due to several constraints,
such as incursion of several plant diseases. One of the
destructive plant diseases on mungbean leaves is
Cercospora leaf spot.
Cercospora leaf spot is generally caused by Cercospora
canescens (Semangun 2004). This fungus found in almost
all parts of mungbean production areas. Losses of
mungbean yield due to plant disease were reported up to
61% (Iqbal et al. 1995). The Cercospora leaf spot on
mungbean leaves is easily recognized by its initial small
brown spot and further developed to form larger spot
(Semangun 2004). The disease usually appears about 30-40
days after planting, depending on temperature and
humidity. Cercospora canescens spreads rapidly in
susceptible varieties causing premature defoliation and
reduction in the size of pods and grains (Grewal et al.
1980).
Management of leaf spot disease control generally
involved several practices, such as planting resistant
varieties and spraying fungicides. Integrated plant disease

management, an effort to minimize yield losses by
controlling pests and diseases using environmentally
friendly approach, has become more prominent approach in
managing plant diseases worldwide. It is due to the urgent
need for reducing chemicals (fungicides) uses that unsafe
to the environment and living beings. One of the
environmentally friendly approaches is applying a natural
enemy of the pathogen or bio-fungicide. Phyllosphere fungi
such as Trichoderma spp. has been reported as a natural
enemy for particular plant pathogen (Baker 1997; Thakur
and Harsh 2014).
Phyllosphere comprises aerial parts of plants and it is
dominated by the leaves. Most studies of the phyllosphere
microorganisms have focused on bacteria and fungi
(Vorholt 2012). Until recently, there have been no reports
regarding biological control of C. canescens on mungbean
leaves. Therefore, this study was aimed at determining and
isolating fungi associated with leaf spot on mungbean
leaves, and examining their potential in controlling C.
canescens.

MATERIALS AND METHODS
Sampling
A sampling of symptomatic leaves of mungbean was
conducted in several production areas of East Java and
Central Java during February-July 2016. Six locations were
randomly selected. On each location, 15 plants with leaf
spot symptoms were selected. Three symptomatic leaves
from each plant were collected, kept in plastic bags, and
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labeled. All samples were kept in the cool ice box for
further study in the laboratory.
Isolation of microfungi
Isolation of fungi from mungbean leaf spot was
conducted using surface sterilized method (Burgdorf et al.
2014). Symptomatic part of leaves was cut into small
pieces and disinfected according to the following
procedure: part of symptomatic leaves immersed in a
NaOCl solution (0.5% free Cl2) for 1 min, 70% ethanol for
1 min, and washed with sterilized distilled water for three
times. The samples were further dried on sterile filter paper
(remove excess water), placed on Potato Dextrose Agar
(PDA) medium, sealed, and then incubated at room
temperature. Mycelium growing out from the samples were
transferred and purified into a new medium. Identification
of the fungal isolates was morphologically carried out
using Barnett and Barry (1977), Nelson et al. (1983). All
fungal isolates obtained in this study were kept on the PDA
slant for further study.
In vitro antagonism assay
In vitro antagonism assay was conducted using dual
culture technique on petri dishes (Coskuntuna and Ozer
2008). Cercospora canescens was placed at the periphery
of the PDA plates (ɸ= 9 cm). Another agar dice of the same
size of the fungal antagonist was placed at the periphery,
but on the opposing site of the same Petridish. An isolate of
C. canescens was placed in a similar manner on a fresh
PDA, but without a fungal antagonist, was used as a
control. All plates were incubated at 28oC. Antagonistic
activity (I) was examined at 3, 7, and 17 days after
incubation by measuring radius between the antagonist
colony (R2) and C. canescens colony (R1). Antagonistic
activity was calculated using the following formula:
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spot disease caused by C. canescens depended upon the
weather and the resistance of variety. The intensity of leaf
spot disease on mungbean can be reached 30% on
moderately susceptible variety (Bhat et al. 2014).
Cercospora canescens on mungbean leaf spot from this
study is characterized by McKenzie (2013). The colony is
gray, smooth, and secrete some substance purple-reddish
(cercosporin), conidiophore is pale brown, long (20-200 x
3-6.5µm), with some septate, conidia is long (50-150 x 35.5 µm) with some septate, hyaline.
A colony of Fusarium sp.1 is white in color, smooth,
circular and concentrate, conidia fusoid with tapering
towards both ends, multiseptate (3-5 septate), and hyaline.
A colony of Fusarium sp.2 is brown with a white surface,
smooth, microconidia ellipsoid (0-2-septate), macroconidia
fusoid (3-5-septate), and hyaline (Figure 3). A colony of
Fusarium sp.3 is white in color, smooth, circular, conidia
fusoid with tapering towards both ends, multiseptate (3-5
septate), and hyaline. A colony of Fusarium sp.4 is white
in color, smooth, conidia fusoid with tapering towards both
ends, multiseptate (3-5 septate), and hyaline.
Table 1. Leaf spot disease intensity on mungbean from several
selected areas in this study.
District
Lamongan

Pasuruan
Banyuwangi
Malang

Sidomukti

Disease
intensity
Leaf spot (+)

Brondong

Leaf spot (+)

Kejapananan
Genteng
Kepanjen
Pakisaji

Leaf spot (+)
Leaf spot (+)
Leaf spot (+)
Leaf spot (++)

Subdistrict

Phyllosphere
fungi
C. canescens
Fusarium sp.
C. canescens
Curvularia sp.
A. flavus
C. canescens
C. canescens
C. canescens
C. canescens
Nigrospora sp.

Note: + = 5-10%, ++ = 10-20%

In vivo antagonism assay
Vima-1 of mungbean variety were grown in plastic
pots. Each treatment consisted of five pots, two plants/pot.
Inoculation of the antagonist fungi was done at one-monthold plants by spraying a spore suspension isolates selected
antagonist with spore density 105/ml. Artificial inoculation
with leaf spot was done at two hours after to ensure a
disease infected plants. Parameter observations were: the
intensity of leaf spot disease on mungbean.

A
B

RESULTS AND DISCUSSION
Isolation and identification
Five fungal taxa were isolated from the phyllosphere of
mungbean leaves, namely C. canescens Ellis & G. Martin
(Table 1, Figure 1), Fusarium sp. (4 isolates), Curvularia
sp. (4 isolates), A. flavus, and Nigrospora sp. (Figure 2.A2.D, Figure 3). Among them, C. canescens has been known
as plant pathogenic fungus causing leaf spot disease
worldwide (Crous and Braun 2003). The intensity of leaf

Figure 1. Conidia and conidiophores of C. canescens on
mungbean leaf spot. A. Conidium, B. Conidiophore
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B

C

D

Figure 2. Fungi associated with leaf spot of mungbean leaves. A. Fusarium sp. (Isolate KH 2 A), B. Curvularia sp. (Isolate KH 1-3), C.
Nigrospora sp. (Isolate KH JBG-A), D. Aspergillus flavus (Isolate KH-1.2)

Tabel 2. The growth of C. canescens during in vitro dual culture assay at 3, 7, 17 days

Isolates
Fusarium sp.1 (KH KJP 2A)
Fusarium sp.2 (KH KJP1 B)
Fusarium sp.3 (KH 3.7)
Fusarium sp.4 (KH 8.16)
Curvularia sp.1 (KH JBG B)
Curvularia sp.2 (KH 6.13)
Curvularia sp.3 (KH 5.10)
Aspergillus flavus (KH 1.2)
Cercospora canescens

Observation at 3 days
Isolates
C. canescens
(cm)
(cm)
0.7
3
0.7
2.9
0.6
3
0.6
2.5
0.6
3
0.6
3.2
1
3.5
0.6
2.5
0.8
-

A colony of Curvularia sp 1, 2, and 3 is dark green in
color and will change to dark brown when mature.
Conidiophore of Curvularia sp.1, 2, and 3 mostly is simple,
bearing spores apically or on new sympodial growing
points; conidia are yellow, more or less fusiform, four cells,
end cell lighter, with one of the central cell enlarged and
dark brown in color. A colony of Aspergillus flavus is
green to yellowish in color, secrete aflatoxin yellow in

Observation at 7 days
Isolates
C. canescens (cm)
(cm)
2.1
6.06
1.96
6.2
2.14
6.3
2.12
3.8
2
4.2
1.96
5.76
1.86
5.86
0.8
4.5
2.08
-

Observation at 17 days
C. canescens
Isolates (cm)
(cm)
2.2
6.8
2.5
6.5
2.5
6.5
3
5.5
2.2
6.5
2
7
2.5
6.3
1
6.5
4
-

PDA, conidia green in color. Conidiophore with phialide
apically, one phialide bearing many conidia. A colony of
Nigrospora sp.on PDA has gray wooly color with some
black spot. Conidiophores simple, hyaline, globose, bearing
single conidia apically. Conidia aleuriosporous, black in
color, subglobose or disc-shaped, occasionally apiculate in
the upper part.
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Isolates
Fusarium
sp.1
(KH-KJP2A)

Fusarium
sp.2
(KH-KJP1B)

Fusarium
sp.3
(KH 3.7)

Fusarium
sp.4
(KH 8.16)

Curvularia
sp.1
(KH JBG
B)

Curvularia
sp.2
(KH 6.13)

Curvularia
sp.3
(KH 5.10)

Colonies

Conidia
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Aspergillus
flavus
(KH 1.2)

Nigrospora
sp.

Figure 3. Macro- and micromorphological structures of
phyllosphere fungi associated with mungbean leaf spot.

Curvularia sp.1 (KH-JBG-B) showed highest inhibition
activity with 14.33%, 12.67%, 8.67% at 2, 3, and 4 weeks
after treatment, respectively. In addition, Fusarium sp.2
(KH-KJP-1B) also showed high inhibition activities against
C. canescens with 9.33, 15,33 and 10, 34% inhibition at 2,
3, and 4 weeks, respectively.
Discussion
This study showed that Nigrospora, Curvularia,
Fusarium, Aspergillus, and Cercospora are associated with
mungbean leaf spot. Members of Nigrospora, Curvularia,
Fusarium, and Cercospora are commonly found on leaf
spot or leaf blight of various plants worldwide (Agrios
2005). Nigrospora sphaerica is a member of Nigrospora
found as the causal agent of leaf spot on tea and kiwifruit
(Dutta et al. 2015, Chen et al. 2016). Therefore, it is the
first report of Nigrospora found on leaf spot of V. radiata
in the world. Curvularia lunata is commonly found on
Vigna spp. including V. radiata (mungbean), causing leaf
spot and seed borne disease (Farr and Rossman 2017).
Fusarium subglutinans and F. proliferatum are recorded as
the causal agent of leaf spot disease on ornamental plants
(Ichikawa and Aoki 2000). Fusarium is a fast growing
fungus which acts as saprophytic and pathogenic
depending upon the host and environmental conditions;
there are few studies on different aspects of Fusarium
including potential as a biocontrol agent against plant
pathogen (Nelson et al. 1994). Currently, three species of
Fusarium found on V. radiata, namely, F. cuneirostrum, F.
oxysporum, and F. solani (Pande and Rao 1998, Farr and
Rossman 2017). Aspergillus flavus is usually found as
saprophytic soil fungus that infects and contaminates
preharvest and postharvest seed crops with carcinogenetic
secondary metabolite aflatoxin (Amaike and Keller, 2011).
It is also reported as seed borne of mungbean (Semangun,
2004; Sarita, Buts and Singh, 2014; Haider and Ahmed,
2014). On leaf spot, A. niger was reported from Zingiber
officinale (ginger) in India (Pawar et al. 2008). It is the first
report of A. flavus on mungbean leaf spot in Indonesia.
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Table 3. Inhibition of several fungal isolates against C. canescens
isolate
Isolates
Fusarium sp.1
(KH KJP 2A)

Fusarium sp.2
(KH KJP1 B)

Fusarium sp.3
(KH 3.7)

Inhibition at
17 days (%)
67

Curvularia sp.2
(KH 6.13)

71

Curvularia sp.3
(KH 5.10)

60

Aspergillus
flavus
(KH 1.2)

85

Figures at 17 days

61

61

C. canescens

Fusarium sp.4
(KH 8.16)

-

45

Table 4. The intensity of leaf spot disease (Cercospora) on
mungbean in 2, 3, and 4 weeks after treatment.
Curvularia sp.1
(KH JBG B)

66

Leaf spot intensity (%)
2 WAA 3 WAA 4 WAA I
Fusarium sp.1 (KH KJP-2A) 34.67 bc 36.60 bc 49.33 bc 6.34
Fusarium sp.2 (KH-KJP-1B) 29.67 ef 29.00 e 42.33 d 19.63
Fusarium sp.3 (KH 3.7)
34.33 bcd 44.33 a 49.00 bc 6.96
Fusarium sp.4 (KH-816)
37.33 ab 40.00 ab 48.33 bc 8.23
Curvularia sp.1 (KH-JBG-B) 24.67 g 31.66 de 44.00 cd 16.46
Curvularia sp.2 (KH-6.13) 26.33 fg 40.00 ab 53.67 ab 1.89
Curvularia sp.3 (KH 5.10) 30.67 cde 39.67 b 55.33 a 5.05
Aspergillus flavus (KH-1.2) 30.33 def 35.00 cd 51.00 ab 3.17
C. canescens
39.00 a 44.33 a 52.67 ab cv (%)
10.22
9.08
9.13
4.197
4.428
5.823
LSD 0.05

Treatments

Note: WAA = weeks after application, I= inhibition at 4 weeks
after sowing

SUMARTINI – Phyllosphere fungi on mungbean leaves

Treatment

3 weeks after
application

4 weeks after
application
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Curvularia sp.2
(KH-6.13)

Fusarium sp.2
(KH1B-KJP)

Curvularia sp.1
(KH-JBG-B)
Fusarium sp.3
(KH 3.7)

Aspergillus flavus
(KH-1.2)
Fusarium sp.1
(KJP-KH2A)

Control (C.
canescens)

Fusarium sp.4
(KH-816)

Figure 4. Biocontrol activity in vivo in the greenhouse

Curvularia sp.3
(KH 5.10)

The most frequent fungus found on mungbean leaf spot
was Cercospora, in particular, C. canescens (Farr and
Rossman 2017). This fungus is a slow growing on the
artificial medium. Therefore it was always inferior against
others fungi in vitro (Table 3), but always superior against
other fungi in vivo or the field (Table 4).
Figure 4 showed that some leaves have already dried
and fallen on untreated plants compared to treated plants in
two weeks after antagonist application. Untreated plants
were also produced pods less than treated plants.
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The current study showed that mechanism of
antagonism against C. canescens possibly involving
competition of space and nutrient, and antibiosis (Table 3).
Competition of space and nutrient against C. canescens
was clearly showed by A. flavus isolate, and antibiosis
mechanism exhibited by Fusarium spp. Mechanism of
biocontrol generally includes (i) mycoparasitism,
biocontrol agents degrade cell walls of the fungi target by
secretion of different lytic enzymes and coil around them;
(ii) Antibiosis, the biocontrol agent secreted some
substance which was lethal to the plant pathogen, such as
gliotoxin in Trichoderma, (iii) Competition on space and
nutrient, the biocontrol agent generally grow very fast and
rapidly colonized the target fungus; and (iv) Induced
resistance, in activation of the pathogens enzymes (Sharma
et al. 2012).
This report is the first study of fungal diversity on
mungbean leaf spot and their potential as biocontrol agents
against C. canescens in Indonesia. Among them, Fusarium
sp.2 (KH-KJP-B) and Curvularia sp.1 (KH-JBG-B)
showed highest antagonistic activity with 20% and 16%
inhibition of C. canescens growth, respectively. Both
fungal isolates also exhibited potential biocontrol activity
during greenhouse assay.
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Abstract. Palupi T, Ilyas S, Machmud M, Widajati E. 2017. Effect of seed coating with biological agents on seed quality of rice.
Biodiversitas 18: 727-732. The research that consisted of two activities was performed at the Laboratory. Experiment 1 the aim to obtain
biological agents that have high antagonistic potential against Xanthomonas oryzae pv. oryzae (Xoo) and two biological agents that are
compatible to one another. Experiments 2 to determine the effect of rice (Oryza sativa L.) seeds coated with biological agents to
improve seed quality and reduce levels of Xoo infection. In the first experiment, four isolates of bacterial antagonists, i.e: isolate
Pseudomonas diminuta A6; isolate P. aeruginosa A54; isolate Bacillus subtilis 11/C, and isolate B. subtilis 5/B, were tested for their
antagonism activities against Xoo on PSA plates using the method of growth inhibition zone with filter paper. Furthermore, the four
antagonists were tested for their compatibility with each other on PSA plates. In the second experiment used a completely randomized
design with a single factor (seed coating) consisting of seven levels, namely: negative control, healthy seed; positive control, the seeds
contaminated with Xoo; P. diminuta A6 and B. subtilis 5/B; alginate 3% + 1% peat + P. diminuta A6 and B. subtilis % 5/B; arabic gum
3% + 1% gypsum + P. diminuta A6 and B. subtilis 5/B; CMC 1.5% + 1% talc + P. diminuta A6 and B. subtilis 5/B, and bactericide
streptomycin sulfate 20%. Results of Experiment 1 showed that isolates P. diminuta A6 has the highest antagonistic potential against
Xoo based on the diameter of inhibition zone on Xoo, followed by isolate B. subtilis 5/B. Isolate P. diminuta A6 and B. subtilis 5/B had a
good growth compatibility with no antagonism. Therefore, isolates P. diminuta A6 and B. subtilis 5/B were selected and used as
biocontrol agents in further studies. Results of Experiment 2 showed that treatment with P. diminuta A6 + B. subtilis 5/B gave the best
of the increase of seed vigor, and the decrease of Xoo infection level in the seeds.
Keywords: Antagonistic, Bacillus subtilis 5/B, growth compatibility, inhibition zone, Pseudomonas diminuta A6, rice seeds coated

INTRODUCTION
The quality seed plays an important role in increasing
the productivity of rice (Oryza sativa L.). One of the
bacteria infects rice seed is Xanthomonas oryzae pv. oryzae
(Xoo) causes Bacterial Leaf Blight (BLB) disease (Agarwal
& Sinclair 1996; Veena et al. 1996). It reduces the rice
production up to 50 percent. (Vikal et al. 2007).
One of an alternative for controlling BLB diseases
which are not damaging of environmental by using
antagonist microbe as a biological agent which naturally is
associate and synergism with the host. The characteristic of
the biological agent in order to control the disease and the
pathogen population can be used in many ways; those are
the production of the antibiotic substances; the space and or
nutrition competition occur, the competition of iron (Fe)
element used by the siderophore production; the induction
of the resistant mechanism to the bacteria diseases; and
inactivation of factor germinates for pathogen; to
degradation of pathogenic factor, such as toxin; and also
parasitism which induced to produce an extracellular
enzyme to degradation cell wall, for example an enzyme
chitinase, β-1.3 glucanase (Van Loon 2007).
The genus bacteria have been studied extensively and
used as a biological agent especially in the rice crops. The

two important biological agents are Pseudomonas spp. and
the Bacillus spp. The Bacillus spp. can be applied to
control Xoo which causes the Bacterial Leaf Blight disease
in rice (Gnanamanickam. et al. 1999). Furthermore,
Velusamy et al. (2006) reported that an antibiotic 2.4
diacetyl-phloroglucinol (DAPG) produced by P.
fluorescens is able to block the growth of BLB disease by
Xoo pathogen. Bacillus spp. and Pseudomonas is able to
block the growth Xoo colonies originally isolated from the
rice seed which is a test in vitro (Agustiansyah 2011).
The control of the BLB diseases of the rice crops using
a combination of the Pseudomonas spp and the Bacillus
spp. using a coating treatments have not been reported by
others researchers, especially in Indonesia. Base on theses
facts, thus the antagonism test between the Xoo and the
biological agents (Pseudomonas spp. and Bacillus spp.)
then the compatibility test conducted between the
Pseudomonas spp. and the Bacillus spp. to find out a
suitable biological agent for rice. The biological agent is
able to depress the growth of the Xoo and have compatible
treats among them.
The objectives of the present investigation are to test
the compatibility between the two biological agents
Pseudomonas spp. and the Bacillus spp. and to determine

728

B I O D I V E R S I T A S 18 (2): 727-732, April 2017

the effect of rice seed coating with biological agents (P.
diminuta A6 and B. subtilis 5/B) on seed quality.

of rice seeds coated which have contamination of Xoo is
same as which have been conducted by Palupi et al. (2012).
The water content of seed coating after draining ranging
from 10.9-11.5%.

MATERIALS AND METHODS
The present investigation was conducted at the
Laboratory of Biochemistry, the Indonesian Research and
Development Center for Agricultural Biotechnology and
Genetic Resources, Bogor, West Java, Indonesia;
Laboratory of Seed Science and Technology at Institut
Pertanian Bogor, Bogor and Laboratory of Seed
Technology at PT. East West Seed Indonesia (EWSI),
Purwakarta, West Java, Indonesia. The research was
divided into two experiments. The 1st experiment was
carried out to test the ability of an antagonism of the
biological agents to the growth of Xoo incubated on PSA
media on the plates. This method used was to observe the
inhibition zone using filter paper (the factors tested were
the isolate of Xoo with four biological agents; the isolate of
Xoo versus P. diminuta A6, the isolate of Xoo versus P.
aeruginosa A54, the isolate of Xoo versus B. subtilis 5/B,
and the isolate of Xoo versus B. subtilis 11/C), and to test
the compatibility among the biological agents used the
method of the stretch on the PSA media on the plates (the
factors tested were the isolate of P. aeruginosa A54 versus
B. subtilis 11/C, the isolate of P. aeruginosa A54 versus B.
subtilis 5/B, the isolate of P. diminuta A6 versus B. subtilis
11/C, and the isolate of P. diminuta A6 versus B. subtilis
5/B).
The experiments 2 st to determine the effect of rice
seeds coated with biological agents to improve seed quality
and reduce levels of Xoo infection, used a completely
randomized design with a single factor (seed coating)
consisting of seven levels, namely: T0 = negative control,
healthy seed; T1 = positive control, the seeds contaminated
with Xoo; T2 = P. diminuta A6 and B. subtilis 5/B; T3 =
alginate 3% + 1% peat + P. diminuta A6 and B. subtilis
5/B; T4 = arabic gum 3% + 1% gypsum + P. diminuta A6
and B. subtilis 5/B; T5 = CMC 1.5% + 1% talc + P.
diminuta A6 and B. subtilis 5/B, and T6 = bactericide
streptomycin sulfate 20%.
Isolates of Xoo prototype IV, B. subtilis 11/C and B.
subtilis 5/B, used come from Big Hall of Research of Rice
Crop, Sukamandi. Isolates P. diminuta A6 and P.
aeruginosa A54 represent resulted of insulation from
healthy rice crop root among rice planting attacked by BLB
(Agustiansyah 2011). Isolate Xoo bred at gel CaCO3
dextrose yeast medium (YDCA), isolate P. diminuta A6
bred at King'S B medium, while isolate B. subtilis 11/C
bred at gel nutrient medium (NA), each during 48 hours.
The rice seed of Ciherang variety used is extension seed.
Coating formulas which consist of alginate 3% + 1% peat;
gum arabic 3% + 1% gypsum; and CMC 1.5% + 1% talc.
Procedures
Seed coating with biological agents
Making of rice seeds coated use suspense of Xoo, P.
diminuta A6, and B. subtilis 5/B with a density of 15 x 108
per cfu mL-1 Mcfarland scale 5. Working procedure making

Examination of compatibility and antagonism
Isolate of Xoo with a density of 4.5 x 108 cfu mL-1
Mcfarland scale 4 (Kiraly et al. 1994) counted 100 µl,
disseminated at PSA media. Cutting of paper filter
(diameter 1 cm) which have been soaked in a suspension of
a biological agent with a density of 4.5 x 108 cfu mL-1 old
age 48 hours put down in the middle of petry dish. Then
incubated at room temperature for six days, is it every day
perceived. Observation of growth inhibition zone
conducted by measuring inhibition zone diameter on filter
paper.
Compatibility
evaluation
using
harmony
examination among biological agents that not interfere with
one other.
Evaluation of seed quality
Examination of seed physiological quality conducted
with the UKDdp method in germinator of APB IPB 72-1
type. Seed physiological quality tested i.e. vigor index (%),
and growth rate (%/etmal). Calculate the vigor index by the
formula: (Sadjad et al. 1999).
Vigor Index = Total of normal shoot at the five days germination x 100%
Total investigated seeds

Calculate the growth rate (%/etmal) by the formula: total

addition normal shoot at every day (interval 24 hours) up to
observation of normal shoot to last days (7 days after
seedling) (Sadjad et al. 1999).
In addition is also perceived by the quality of seed
pathologist, covering degradation mount Xoo infection and
existence of agent involve in seed after coating.
Data analysis
The data obtained from each experiment is analyzed. If
between treatment there are a marked difference, hence
analysis continued with Analysis of Variance and Duncan’s
Multiple Range Test (Gomez and Gomez 1995) using
Statistical Analysis System (SAS) version 9.1.

RESULTS AND DISCUSSION
Antagonism testing between Xoo with biological agents
and also compatibility testing to one another
The result of examination of a biological agent by in
vitro to the growth of Xoo colony indicated that isolate B.
subtilis 5/B; B. subtilis 11/C; P. diminuta A6; and P.
aeruginosa A54 tested have ability inhibition growth of
Xoo which different each other. This matter can be seen
from formed by transparent zone around isolate (Figure 1).
The diameter of inhibition zone widest of got at isolate
P. diminuta A6 (3.7 cm), and differ from biological agent
otherly. Resistivity is smallest got by at isolate B. subtilis
11/C (1.6 cm), and do not differ from isolate P. aeruginosa
A54 (Table 1).

PALUPI et al. – Effect of seed coating on rice seed quality
Table 1. The result of inhibition test at four biological agents to
growth of Xoo
Isolate
Diameter of
Biological Agents
codes
inhibition zone (cm)
A6
Pseudomonas diminuta
3.7 a
A54
Pseudomonas aeruginosa
1.9 c
5/B
Bacillus subtilis
2.8 b
11/C
Bacillus subtilis
1.6 c
Note: Same letters in column are not significantly different at p =
0.05 according to DMRT

Result of compatibility test between is fourth of
biological agent to indicate that combination between
isolates P. diminuta A6 and B. subtilis 5/B had a good
growth compatibility with no antagonism, whereas
combination between isolate P. diminuta A6 and B. subtilis
11/C, or between isolates P. aeruginosa A54 and B. subtilis
11/C, and also between isolates P. aeruginosa A54 whit B.
subtilis 5/B show resistance between one other (Figure 2).
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Effect of seed coating with biological agent on seed
quality in rice
Results of the experiment showed that seed coating
with a biological agent to have an effect on reality to the
quality of seed, (vigor index and growth rate of the shoot),
and also can decrease to Xoo infection level at seed
compared to positive control. The vigor index and growth
rate highest founded at treatment P. diminuta A6 + B.
subtilis 5/B (96,50% and 30,86%/etmal) (Table 2).
The decrease of Xoo infection level highest founded by
P. diminuta A6 + B. subtilis 5/B (from 0.74 x 106
becoming 0.28 x 106 cfu mL-1), whereas lowerst decrease
by coating treatment of CMC 1.5 + talc 1% + P. diminuta
A6 and B. subtilis 5/B (from 0.74 x 106 becoming 0.68 x
106 cfu mL-1). Population of P. diminuta A6 highest
founded by coating treatment of CMC 1.5 + talc 1% + P.
diminuta A6 and B. subtilis 5/B (2.08 x 106 cfu mL-1),
whereas the highest of population B. subtilis 5/B by
treatment of gum arabic 3% + gypsum 1% + P. diminuta
A6 and B. subtilis 5/B, that is 0.43 x 106 cfu mL-1 (Table
3).

G
E

F

A

B

G
F

C

D

Figure 1. The result of inhibition ability biological agents to the growth of Xoo. A.. P. diminuta A6 versus Xoo; B. P. aeruginosa A54
versus Xoo; C. B. subtilis 5/B versus Xoo; D. B. subtilis 11/C versus Xoo; E. filter paper of biological agent carrier; F. inhibition ability
biological agents; G. colony of Xoo bacteria
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Figure 2. The result of compatibility test between many biological agents. Isolates of: A.. P. aeruginosa A54 versus B. subtilis 11/C are
not compatible (inhibition); B. P. aeruginosa A54 versus B. subtilis 5/B are not compatible; C. P. diminuta A6 versus B. subtilis 11/C
are not compatible; D. P. diminuta A6 versus B. subtilis 5/B are compatible

Table 2. The effect of coating formulas with biological agents to seed vigor
Vigor index
(%)
Negative control, healthy seed
91.50 ab
Positive control, the seeds contaminated with Xoo
89.50 b
P. diminuta A6 + B. subtilis 5/B
96.50 a
Alginate 3% + 1% peat + A6+5/B
89.50 b
Arabic 3% + gipsum 1% + A6+5/B
89.00 b
CMC 1.5% + 1% talc + A6+5/B
91.50 ab
Bactericide streptomycin sulfate 20%
93.00 ab
Note: Same letters in column are not significantly different at p = 0.05 according to DMRT
Treatments

Growth rate of shoot
(%/etmal)
20.83 d
23.01 c
30.86 a
20.80 d
20.63 d
20.83 d
28.49 b

Table 3. The effect of coating formulas to decreasing level infection of Xoo and survival of biological agents on the seed
Population of (104 cfu mL-1)
P. diminuta A6
B. subtilis 5/B
Xoo
Negative control, healthy seed
55.75 c
0.00 d
0.00 e
Positive control, the seeds contaminated with Xoo
73.75 a
0.00 d
0.00 e
P. diminuta A6 + B. subtilis 5/B
28.25 e
23.25 c
12.75 d
Alginate 3% + 1% peat + A6+5/B
35.50 d
28.25 bc
20.75 c
Arabic 3% + gipsum 1% + A6+5/B
35.00 d
29.25 b
43.00 a
CMC 1.5% + 1% talc + A6+5/B
68.00 b
208.00 a
33.00 b
Bactericide streptomycin sulfat 20%
1.50 f
0.00 d
0.00 e
Note: Same letters in column are not significantly different at p = 0.05 according to DMRT
Treatments
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Discussion
The diameter of inhibition zone widest of got at isolate
P. diminuta A6 (3.7 cm), at isolate B. subtilis 5/B (2.8 cm),
B. subtilis 11/C (1.6 cm), and at isolate P. aeruginosa P54
(1.9 cm), (Table 1). The result of this research strengthens
result of research of Agustiansyah (2011), which
rhizobacteria (biological agent) owning ability which
different each other in inhibition growth of Xoo.
The ability inhibition growth of this pathogen related to
the ability of isolate biological agent in producing cyanide
hydrogen (HCN) and siderophore. The isolates biological
agents which is used on trial (P. diminuta A6; P.
aeruginosa A54, B. subtilis 11/C, and B. subtilis 5/B) can
produce siderophore and is special of isolate P. diminuta
A6 also can produce HCN (Agustiansyah 2011). The HCN
compound represents one of the secondary metabolite
yielded by Pseudomonas spp. and have the character of
antimicrobe (Fuente et al. 2004). The siderophore is iron
(Fe) sticky compound, in a condition lacking Fe which is
secreted by a microbe (Dwivedi & Johri 2003).
Siderophore production by a biological agent that one of
the mechanism and character in the depressing growth of
the pathogen. According to Kazempour (2004), mechanism
of a biological agent as pathogen antagonist pass
competition to Fe nutrient which is also used for the growth
of another microorganism.
The increase of growth rate of shoot indicated of
increasing a physiological quality of seed coating.
Repairing of viability and seed vigor is that expected to be
caused by the happening of increasing of hormone
synthesis i.e. IAA or gibberellin (GA3) as the starter of
amylase enzyme activity which plays a part in germination
(Gholami et al. 2009). Biological agents of P. diminuta A6
and B. subtilis 5/B which used in this research is known
can produce hormone IAA (Agustiansyah 2011). The
positive effect from the treatment of biological agent also
reported to happened at germination of rice seed
(Ashrafuzzaman et al. 2009) and maize (Gholami et al.
2009). Agustiansyah et al. (2010) reported on seed
treatment of Ciherang variety rice with matriconditioning +
isolate P. diminuta A6, immersion in P. diminuta A6 or P.
aeruginosa A54 isolates are the best treatment in
improving the viability and seed vigor.
The biological agent used for the coating of can depress
growth of Xoo. P. diminuta A6 and B. subtilis 5/B isolates
which used in this research can produce siderophore, and
cyanide hydrogen (HCN) (Agustiansyah 2011), having the
character of antimicrobe. Decreasing of availability of Fe
(iron) of necessary for pathogen growth and development
effect of chelating by siderophore, inhibiting the growth of
pathogen (Siddiqui 2005). Awais et al. ( 2007) reporting
that Pseudomonas spp. producting of 2.4 diacetyl
phloroglucinol compounds (known to inhibiting the growth
of Xoo), and Bacillus spp. producting of bacitracin
compound having the character of antimicrobe.
Agustiansyah et al. (2010) reporting that immersion of seed
in Bacillus spp suspension and also in Pseudomonas spp
suspense, and treatment of combined matriconditioning
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with Bacillus spp. and also Pseudomonas spp. can depress
growth of Xoo on rice seed of Ciherang variety.
The results of this research showed that isolates P.
diminuta A6 has the highest antagonistic potential against
Xoo based on the diameter of inhibition zone on Xoo,
followed by isolate B. subtilis 5/B. Isolate P. diminuta A6
and B. subtilis 5/B had a good growth compatibility with
no antagonism. Therefore, isolates P. diminuta A6 and B.
subtilis 5/B were selected and used as biocontrol agents in
further studies. Treatment with P. diminuta A6 + B. subtilis
5/B gave the best of increase of seed vigor, and the
decrease of Xoo infection level in the seeds.
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Abstract. Fitri DS, Pangastuti A, Susilowati A, Sutarno. 2017. Endophytic bacteria producing antibacterial against methicillin-resistant
Staphylococcus aureus (MRSA) in seagrass from Rote Ndao, East Nusa Tenggara, Indonesia. Biodiversitas 18: 733-740. Methicillinresistant Staphylococcus aureus (MRSA) are bacteria that resistant to the various type of antibiotics and yet cannot be handled
comprehensively. The discovery of new antibiotic from endophytic bacteria in seagrass of Rote Island is an option to overcome the
resistance. The aims of this research were to screen endophytic bacteria inhibit MRSA from seagrass, to determine the species of the
endophytic bacteria and the genetic relationship. Isolation of endophytic bacteria has carried out by inoculating surface sterilization
seagrass leaves on Marine Agar (MA) medium. Selection of potential endophytic bacteria-producing anti-MRSA has done using overlay
method against MRSA, gram-positive Bacillus subtilis, and gram-negative Escherichia coli. Identification of the endophytic bacteria
based on the sequence of 16S rRNA encoding gene. The results showed that there were eight isolates of endophytic bacteria which have
antibacterial activity against MRSA of seagrass Enhalus acoroides, Thalassia hemprichii, and Cymodocea rotundata in the Litianak and
Oeseli Beaches, Rote Ndao. The diameter of inhibition zone was between 0.65-18.27 mm with narrow spectrum with broad spectrum
antibacterial activity. The eight potential endophytic bacteria identity were Bacillaceae E2M1, Bacillaceae E2M3, Bacillus E2M4,
Bacillus E2M7, Bacillaceae E2M8, Pseudomonadaceae C1M7, Shewanellaceae C2M3, and Rhodobacteraceae T1M3. Most of the
isolates can be said to be a new species as the percent similarity of 16S rRNA gene sequence was less than 95% and promising to
produce new antibacterial compounds. Phylogenetic relationship showed some isolates clustering in different groups that present the
diverse groups of endophytic bacteria were found.
Keywords: Antibacteria, Bacillus subtilis, endophytic bacteria, Escherichia coli, MRSA, seagrass

INTRODUCTION
Since the imposition of antibiotics, bacteria have
evolved mechanisms to resist the effects of antibiotics or
often referred to as resistant bacteria. The evolution and the
increasing spread of resistant bacteria species caused by
several factors such as the widely used antibiotic and
inaccurate application of antibiotics, as well as the use of
antibiotics in animal feed extensively (Karchmer 2006).
Staphylococcus aureus is one of the human pathogen most
commonly found in various diseases ranging from mild
skin infections, severe infections until disease that can
threaten human safety such as endocarditis, pneumonia,
and sepsis (Paterson et al. 2014). S. aureus resistance to the
antibiotic penicillin was first reported in 1940. Then,
methicillin-resistant strains of S. aureus (MRSA) was first
reported in the early 1960s as the second leading cause of
infection patients in hospitals and community; and become
endemic worldwide including in Indonesia. Until now part
of the problem of bacterial resistance that was never solved
completely (Chamber 2001; Karchmer 2006).
Exploration of new sources becomes very important to
find bioactive compounds that can be used as a new
antibiotic (Clardy et al. 2006). Microorganisms have been
the source of many useful compounds in medicine, the

pharmaceutical industry, and agriculture. However, most of
these organisms derived from terrestrial habitats. After
intensive research on terrestrial microorganisms,
researchers are now focusing attention on other
ecosystems, such as the sea. Microorganisms that
associated by marine organisms has become a major target
for the discovery of new bioactive compounds (Penesyan et
al. 2010, 2011; Kang et al. 2015). One of them is the
utilization of microbial endophyte. Endophyte is defined as
microorganisms contained in asymptomatically in the plant
tissue (Schulz et al. 2006). Some marine microorganisms
survive in habitats with high-stress levels, undersea with
low temperatures, limited light conditions with high
pressure, grazing by herbivores on host plants, predation,
and their competitors. These factors have led to the
development of a unique metabolism, resulting in the
production of new metabolites that differ from terrestrial
microorganisms. Some endophytic microorganisms
including bacteria can contribute to host defense by
excretion of antibiotics and other bioactive substances.
Thus, marine microorganisms offer an excellent resource
for the discovery of new compounds with interesting
biological activities, including antimicrobial, antifungal,
antiprotozoal, antituberculosis and antiviral (Lu et al. 2010;
Rahman et al. 2010).
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Seagrass is an aquatic plant that can adapt to live and
grow in the marine environment. Seagrass adapt to the
unstable condition of the beach; seagrass vegetation
provides many ecological functions for macroorganisms
and microorganisms associated. One factor organisms to
settle interest in the environment is classified as seagrass
habitat productive, so as to provide food, a shelter for the
survival of organisms associated (Gufran 2011).
In Rote Ndao, seagrass is distributed almost in all
coastal areas such as Litianak and Oeseli beaches.
Ecologically both beaches have differences, Litianak beach
is a sandy beach and a bit muddy, while the Oeseli beach is
rocky beaches mixed with sand. Although the presence of
seagrass on both coasts knew their existence, both research
and information about endophytic bacteria and potential in
every beach have not been performed. Unique habitat of
the beach is one of the important parameters to obtain new
sources of endophytic bacteria that can produce secondary
metabolites as antibiotics. The discovery of new antibiotic
metabolites of endophyte is an important alternative to
cope with increasing levels of drug resistance by human
pathogens such as MRSA and the limited number of
antibiotics that are effective against a variety of bacterial
species. Therefore, it is necessary to do research on the
potential of bioactive compounds owned by endophytic
bacteria in seagrass in the Litianak and Oeseli beaches,
Rote Ndao, East Nusa Tenggara, Indonesia.
MATERIALS AND METHODS
Media and culture condition
Methicillin-resistant Staphylococcus aureus (MRSA),
Bacillus subtilis and Escherichia coli were obtained from
the Laboratory of Clinical Microbiology, Faculty of

Medicine, Universitas Indonesia, Depok, West Java,
Indonesia. The bacteria were stored on nutrient agar slant
(Himedia). Endophytic bacteria were stored on marine agar
media (Himedia). Stock cultures of the bacteria stored at4°C. The bacteria were refreshed and stored at room
temperature for anti-bacterial testing.
Seagrass sampling
Seagrass was collected at Litianak and Oeseli Beaches,
Rote Island of the Rote Ndao District, East Nusa Tenggara
Province, Indonesia (Figure 1). Enhalus acoroides,
Thalassia hemprichii, and Cymodocea rotundata were
taken as a source of endophytic bacteria. Each seagrass was
put in plastic bags and labeled contains information of
species and the location, and then was placed in an ice box
to be brought to the laboratory. The seagrass was identified
by comparing the morphological character with a guide
book of seagrass in tropical seagrasses in the Indo-West
Pacific by Lanyon (1986) and Waycott et al. (2004).
Isolation of seagrass endophytic bacteria
The seagrass leaves from each species were cleaned
with aquadest and then cut into 5 cm long. Surface
sterilization was done by keeping a piece of the seagrass
leaves into 70% ethanol for 1 minute, continued into 5.25%
sodium hypochlorite solution for 1 minute, and washed
with 70% ethanol for three times. The sterile leaves were
sliced then planted in the marine agar media and incubated
at room temperature (28-30oC) for 1-2 days. The plates
were observed every day until some colony of the bacteria
emerged (Ravikumar et al. 2010). Every single colony of
the endophytic bacteria that showed different
morphological colony was purified and stored as a pure
culture.

1

2

Figure 1. Study site in Rote Island of the Rote Ndao District, East Nusa Tenggara Province, Indonesia. 1. Litianak Beach, 2. Oeseli Beach
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Screening for endophytic bacteria producing bioactive
anti-MRSA
Screening for seagrass endophytic bacteria which
produced antibacterial conducted using overlay method
(Sulistiyani et al. 2015). The pure culture of endophytic
bacteria was inoculated into marine agar (MA) media and
incubated at room temperature for six days or until the
colony was formed with a diameter of ± 6 mm. Tested
bacteria i.e., Methicillin-resistant S. aureus (MRSA),
Gram-positive B. subtilis and Gram-negative E. coli were
grown in nutrient broth medium and then incubated
overnight in incubator shaker 100 rpm. A total of 0.1 mL
nutrient broth culture with cell density ± 108 cells/mL put
in 5 mL of Nutrient Agar media that have not been
solidified (about 60°C), was homogenized and poured over
MA media which has been overgrown with the endophytic
bacteria and incubated for 24 hours at a temperature of
37ºC. If the endophytic bacteria produced anti-MRSA
inhibition zone would be observed. The endophytic
bacteria showed inhibition zone against the tested bacteria
regarded as potential isolates.
Amplification of 16S rRNA encoding gene
Genomic DNA of potential isolates of the endophytic
bacteria was extracted using Presto™ Mini gDNA kit
(Geneaid). Concentration and purity of the extracted
bacterial genomic DNA were analyzed using
biophotometer. 16S rRNA gene amplification was
conducted in a thermocycler machine (Veriti, Applied
Biosystem) using a forward primer of 63f (5'CAGGCCTAACACAT-GCAAGTC-3') and reverse primer
of
1387r
(5'-GGGCGGAWGTGTACAAGGC-3')
(Marchesi et al. 1998). The PCR product was 1300 bp.
PCR mixing reactions consisted of 12.5 µL of KAPA 2G
Fast Ready Mix (buffer, dNTP mix, and DNA polymerase)
(Kapa Biosystems), 1.25 µL of 63 forward primer (10
pmol), 1.25 µL of reverse primer 1387 (10 pmol), 2-5 µL
of DNA template (genomic DNA of potential endophytic
bacteria with concentrations <25 ng/µL); 1 mL of DNA
template (for genomic DNA of potential endophytic
bacteria with concentrations > 25 ng/µL); ddH2O up to 25
µL. The process of denaturation, annealing, and elongation
consist of 30 cycles. Stages of the each cycle were
comprised of pre-denaturation at a temperature of 94°C for
3 minutes, denaturation at 94°C for 15 seconds, annealing
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at 55°C for 15 seconds, elongation of 72°C for 30 seconds,
and finalizing at a temperature of 72°C for 2 minutes. The
PCR products were determined by electrophoresis in 1%
agarose on 85 volt power supply voltage, an amperage of
300 A for 60 minutes. Agarose gel was stained with
ethidium bromide. DNA visualization was done using UV
transilluminator and documented using gel documentation.
The PCR product was then purified and sequenced at the
1stBase Laboratory, Singapore.
Data analysis
The nucleotide sequences were aligned with the
GenBank data used the program of BLAST-N (Basic Local
Alignment Search Tool Nucleotides) at the site of NCBI
(National Center for Biotechnology Information) to
determine the similarity of each of potential endophytic
bacteria with 16S rRNA gene database that were stored in
GenBank. Phylogenetic analysis of potential endophytic
bacteria with other references bacteria was done by
phylogenetic
tree
construction
using
Molecular
Evolutionary Genetics Analysis (MEGA) 7 software
(Kumar et al. 2015).
RESULTS AND DISCUSSION
Endophytic bacteria in seagrass with antibacterial
activities towards MRSA
The isolation of endophytic bacteria of each seagrass
species taken from Litianak Beach and Oeseli Beach, Rote
Ndao District, East Nusa Tenggara, Indonesia results in 32
isolated endophytic bacteria and 8 of them have
antibacterial activity against MRSA, B. subtilis, and E. coli.
The result shows isolate of endophytic in seagrass has a
potential as the antibacterial source against both irresistant
and resistant pathogenic bacteria. From eight potential
endophytic bacteria, five of them are isolated from seagrass
E. acoroides, two of them are isolated from C. rotundata
and 1of them are isolated from T. hemprichii. The eight
screened isolates of endophytic bacteria in seagrass species
i.e., E. acoroides, T. hemprichii, and C. rotundata from
Litianak Beach and Oeseli Beach, which has antibacterial
activities to MRSA bacteria, B. subtilis, and E. coli were
provided in Table 1.

Table 1. Seagrass endophytic bacteria which have antibacterial activity against MRSA, Bacillus subtilis, and Escherichia coli.
Isolate
name
E2M1
E2M3
E2M4
E2M7
E2M8
C2M3
T1M3
C1M7

Origin of isolate
(Seagrass species)
Enhalus acoroides
Enhalus acoroides
Enhalus acoroides
Enhalus acoroides
Enhalus acoroides
Cymodocea rotundata
Thalassia hemprichii
Cymodocea rotundata

Sampling area
Oeseli
Oeseli
Oeseli
Oeseli
Oeseli
Oeseli
Litianak
Litianak

MRSA
915
347
875
521
235
167
563
1827

Clear Zone Diameter (mm)
Bacillus subtilis
Escherichia coli
119
278
316
092
065
124
1653
1341
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The difference amount of potential isolate of endophyte
among three species of host plants from those two beaches
caused by the difference of host plants and plant area which
support endophytic bacteria in producing the antibacterial
compound. The host plants are habitat for endophytic
bacteria due to symbiotic mutualism as endophytic bacteria
get nutrition which is the vitamin, polysaccharide and fatty
acid from its host plant. On the other hand, the bacteria
produce several products such as amino acid, antibiotics,
and the toxin which are beneficial for growth, metabolism,
and increasing chemical resistant of the host plant
(Jeganathan et al. 2013). The infection due to pathogenic
bacteria making the chemical resistant which have a selfprotect for host plant become necessary. Thus, the
antibacterial bioactive compound which produces by
endophytic bacteria will be affected by host plant’s
condition.
Oeseli and Litianak Beaches have different
characteristic. Oeseli Beach is a rocky and sandy beach; the
seagrass spreads more evenly and densely if it is compared
to Litianak Beach which is sandy and muddy. The seagrass
density indicates the more bacteria associated with the
plant, the more space available for the bacteria to associate
as well as endophytic bacteria, therefore the competition
for getting space and nutrition for bacteria’s growth is
bigger. This condition becomes one of the elements that
boost the bacteria to produce bioactive compound as
antibacterial which uses against the competitor.
Clear zone diameter that seen as antagonistic activity by
the potential isolates between 0.65-18.27 mm (Table 1).
This value is considered quite promising. For comparison,
the previous research conducted by Handayani et al. (2015)
shows an antagonistic activity of six strain of Bacillus sp.
and four strain of Corynebacterium sp. sponge bacterial
symbionts, Haliclona fascigera against MRSA bacteria,

shows minimum clear zone is 6.67 mm, and the maximum
is 15.17 mm. Besides, Susilowati et al. (2015) find that B.
subtilis strain, bacterial symbionts of brown algae
Sargassum sp., shows clear zone diameter 3.9 mm to
MRSA. Virgibacillus salarius and Virgibacillus
marismortui strain, bacterial symbionts of Sinularia sp.
also have activity against MRSA, and the width of a clear
zone are 1.9 mm and 2.8 mm. However, both of bacteria do
not have antibacterial activity against E. coli (Sulistiyani et
al. 2010). Based on that matter, it is known that potential
endophytic bacteria which found in this research have a
bigger and wider antibacterial ability not only to MRSA
but also Gram-positive bacteria and Gram-negative bacteria
if it is compared with the other research. The kind of
antagonistic bacteria used against endophytic bacteria
affects the forming of the clear zone. It is found that there
are one isolated bacteria which forms clear area to MRSA
only, two isolated bacteria to B. subtilis only, six isolated
bacteria to both MRSA (Figure 1) and B. subtilis, and one
isolated bacteria forms clear zone to MRSA, B. subtilis,
and E. coli. Those results indicated that antibacterial
produced by the bacteria shows narrow spectrum which is
only active against Gram-positive bacteria and broad
spectrum which is active against not only Gram-positive
but also Gram-negative bacteria. Similar research
undertaken by Ravikumar et al. (2010) shows five isolated
endophytic bacteria in seagrass Syringodium isoetifolium
and Cymodocea serrulata have antibacterial with broad
spectrum against bacteria that are S. aureus, Klebsiella sp.,
Streptococcus pneumoniae, Streptococcus aeruginosa, and
Pseudomonas aeruginosa. Sulistiyani et al. (2015) also
finds 1 of 9 isolated symbionts bacteria in seagrass Enhalus
sp. that belongs to Bacillus sp., has antibacterial activity
against bacteria of Multi Drugs Resistant Tuberculosis
(MDR-TB) came from their bioactive crude extracts.

Figure 1. Clear zone showing antibacterial activity formed by seagrass endophytic bacteria (isolate E2M1, left and E2M4, right) against
MRSA bacteria in overlay method, incubation overnight at 37 C
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Antibacterial produced by the isolate of endophytic
bacteria in seagrass in this research are suspected having
different mechanism action regarding the activity against
resistant bacteria such as MRSA, Gram-positive and Gramnegative bacteria. However, the mechanism involved in the
activity against the bacteria as synergy from several
bioactive compounds or one of the compounds is not
determined yet because the bioactive compound extraction
does not undertake yet to find out bioactive compound
contained in antibacterial that produced by the bacteria.
The previous research conducted by Darabpour et al.
(2012) shows that bacteria Peseudoalteromonas piscicida
strain PG-01 isolated from Persian Gulf waters had an
antibacterial activity against MRSA. The antibacterial is
bactericidal with a target to lyse cell wall of MRSA; it is
known from TEM (Transmission Electron Micrographs)
study on a dead MRSA bacteria. Moreover, Ling et al.
(2015) have found new antibiotics named teixobactin from
uncultured bacteria by using in situ method, and it can be
used to overcome MRSA infection and Mycobacterium
tuberculosis without creating resistance. Based on the 16S
rRNA gene, the microorganism is Eleftheria terrae which
belong to β-proteobacteria class. The mechanism of
teixobactin regarding the activity against resistant bacteria
is by obstructing cell wall synthetic by binding to lipid II
(peptidoglycan precursor) and Lipid III (cell wall of the
teichoic acid precursor) of the bacteria.
Identity of endophyte bacteria based on 16SrRNA
encoding gene
The amplicon of 16S rRNA gene is analyzed by electrophoresis of agarose gel 1% (c/v) and it is known that 16S
rRNAgene fragment size is ± 1300 bp. The electrophoregram
is provided in Figure 2.
The determination of potential endophytic bacteria is
based on 16S rRNA gene sequence similarity percentage ≥
99% indicated same species, similarity percentage ≥ 95%
to < 99% indicates same genus, and similarity percentage <
95% indicates same family (Bosshard et al. 2003). Based
on those criteria, it is known that six of eight isolated
bacteria have a low similarity, they are E2M1, E2M3, E2 4,
E2M8, T2M3, C2M3, C1M7, and T1M3. Moreover, two
isolates of potential endophytic bacteria having high
similarity > 95% they are E2M4 and E2M7 (Table 2).
The low similarity indicates there is the possibility that
the six isolate of potential endophytic bacteria is new
bacteria. According to Pangastuti (2006), usually if the
similarity degree of the sequencing of 16S rRNA gene less
than 97%, it can be considered as a new species.
Stackebrandt and Goebel (1995) also state that if the
sequencing of 16S rRNA gene shows low similarity degree
between two taxa, a definition of a taxon can be
undertaken. In this research, the seagrass endophytic
bacteria are successfully isolated. Moreover, it is
discovered the identity is isolated seagrass bacteria and
unexplored habitat as the bioactive source before, which is
Litianak and Oeseli Beaches, Rote Ndao District, East
Nusa Tenggara. It becomes one of low similarity factors in
BLAST-N test by comparing isolate sequencing of 16S
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rRNA gene to GeneBank database. Moreover, that factor
raises a presumption the existence of new bioactive compound
from new bacteria found and it can be used to fight against
resistant pathogenic bacteria. Environment factors as
geographic and host plant type affects the variation of
symbiont bacteria and the bioactive compound produced.
According to Brader et al. (2014), the ability of endophytic
bacteria in producing bioactive antibacterial compound are
affected by the host plant's environment, as in very competitive
environment and have many predators. Thus bacteria tend
to produce bioactive compound as itself-protector.
The blast-n analysis shows most of the potential
endophytic isolates, as E2M1, E2M3, E2M4, E2M7, and
E2M8 are identified have similarity sequencing of 16S rRNA
gene with bacterial genus Bacillus as Bacillus megaterium,
Bacillus flexus, and Bacillus sp. Bacterial symbionts from
genus Bacillus, Pseudomonas, Peseudoalteromonas, and
Paracoccus are known having high antibacterial activity
(Ali et al. 2012). According to Stein (2005), genus Bacillus
is an active antibacterial producer. Gram-positive bacteria
knew its ability forming spore in a severe condition, as
encountered in marine ecosystems, for secure its life in
plants or animals cells which are its habitat (Hentschel et
al. 2001). According to Marahiel et al. (1993), sporeformation is regulated simultaneously with antibiotic
production. The bioactive compound produced by bacteria
genus Bacillus isolated from the deep-sea environment are
different with the terrestrial one (Sulistiani et al.2015). The
species from that genus produces bioactive compound
lipopeptide cyclic, peptide cyclic, and thiopeptide (Nagai et
al. 2003). Several Bacillus spp. which has been isolated are
reported having high antibacterial activity against fouling
bacteria (Burgess et al. 2003). Bacillus pumilus sponge
symbiontsIrcinia sp., produces surfactin, acyldepsipeptide
(ADEP), bacircine 2, 3, 4, 5, and 5A (Itokawa et al. 1994).
Related research also conducted by Susilowati et al. (2015)
which has isolated brown algae bacteria symbionts that are
B. subtilis and it has an ability to obstruct pathogenic
bacteria like MRSA and Staphylococcus epidermidis.
M
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Figure 2. Electrophoregram 16S rRNA gene amplicon of eight
potential endophytic isolated bacteria M= Marker DNA ladder 1
kb, 1= E2M1, 2= E2M3, 3= E2M4, 4= E2M7, 5= E2M8, 6=
C2M3, 7= C1M7, 8= T1M3

B I O D I V E R S I T A S 18 (2): 733-740, April 2017

738

Figure 3. The phylogenic relationship of potential endophytic bacteria and the nearest species of bacteria based on 16S rRNA gene
sequence by using Neighbor Joining (NJ) methods. Isolate E2M1, E2M3, E2M4, E2M7, E2M8, C2M3, T1M3, and C1M7 (indicated by
diamond shape) are potential endophytic bacteria; Bacillus megaterium strain KAKJ6, Bacillus sp. YH6-1, Bacillus flexus strain C13,
Bacillus sp. BAB-4161, Bacillus flexus strain KJ1-5-982, Bacillus flexus strain PR1 are the nearest species of isolate E2M1, E2M3,
E2M4, E2M7, and E2M8; Shewanella algae strain MARS 14 are the nearest species of isolate C2M3; Pseudomonas otitidis strain NV1,
Pseudomonas fluorescens strain IHR-PF24, Pseudomonas aeruginosa strain DM1, Pseudomonas aeruginosa strain GARASAU are the
nearest species of isolate C1M7; Paracoccus zeaxanthinifaciens strain F71025, Paracoccus zeaxanthinifaciens strain F71047,
Paracoccus zeaxanthinifaciens strain R-1506 are the nearest species of isolate T1M3

Table 2. Similarity of the 16SrRNA gene sequence of potential endophytic bacteria using BLAST-N (Basic Local Alignment Search
Tool-Nucleotides) at the NCBI (National Center for Biotechnology Information)
Isolate
name
E2M1
E2M3
E2M4
E2M7
E2M8
C1M7
C2M3
T1M3

Nearest species
Bacillus megaterium strain KAKJ6
Bacillus sp. BAB-4161
Bacillus flexus strain Marseille-P670
Bacillus flexus strain PR1
Bacillus flexus strain STRFG 13
Pseudomonas aeruginosa strain DM1
Shewanella algae strain MARS 14
Paracoccus zeaxanthinifaciens strain F71025

% Similarity
91
93
98
97
94
76
94
80

Access no.
LC085342.1
KJ794118.1
LT223626.1
KP889216.1
KT893317.1
KF952773.1
LN795823.1
JF281760.1

Potential endophytic
bacteria identity
Bacillaceae E2M1
Bacillaceae E2M3
Bacillus E2M4
Bacillus E2M7
Bacillaceae E2M8
Pseudomonadaceae C1M7
Shewanellaceae C2M3
Rhodobacteraceae T1M3

FITRI et al. – Endophytic bacteria producing antibacterial against MRSA

Moreover, C1M7 isolate has a similarity with bacteria
family Pseudomonadaceae. Pseudomonas belongs to
Gram-negative bacteria, non-fermentative, was found live
in terrestrial and also on the deep-sea environment.
Pseudomonas from deep-sea produces bioactive such as
pyrroles, pseudopeptide, pyrrolidinedione, phthalate,
andrimid, moiramides, zafrin, and bushrin, and also several
bioactive components as antibacterial agents (Isnansetyo
and Kamel 2009). Some species of that genus have been
reported have antibacterial activity both against resistant
bacteria and the irresistant one such as Pseudomonas
bromoutilis (Burkholder et al. 1966), P. aeruginosa
(Darabpour et al. 2010), and Pseudomonas fluorescens
(Needham et al. 1994).
C2M3 has similarity with Shewanella algae. Nowadays,
Shewanellaceae only has one genus that is Shewanella
(MacDonell and Colwell 1985). S. algae is an anaerobe
facultative bacteria which mostly has stem shape, Gramnegative, with oxidase-positive, and it is usually found in
the deep-sea environment all over the world. This group of
bacteria can be found in various sources such as active
mud, sea invertebrate, red algae, seawater, sediment, and
clinical sample (Lee et al. 2006). S. algae which are
isolated from Callyspongia diffusa sponge has a high
antibacterial activity to human and fish pathogenic bacteria
as E. coli, E. cloacae, P. vulgaris, Salmonella typhi, and
Vibrio sp. (Rachanamol et al. 2014).
However, T1M3 isolate has similarity with Paracoccus
zeaxanthinifaciens. Paracoccus genus is Gram-negative
bacteria short basil shaped, oxidase-positive and catalasepositive. Genus Paracoccus is from Rhodobacteraceae
family and consists of 30 species. Members of genus
Paracoccus can be isolated from soil, active mud, plant
root, animal, and sea plants (Chen et al. 2011). The
members of Paracoccus produce a beneficial metabolism
for human as carotenoid zeaxanthin which is produced by
P. zeaxanthinifaciens, and it has a significant role in
preventing macular degeneration regarding aging which is
the primary cause of blindness (Sajilata et al. 2008).
Phylogenetic relationship based on 16S rRNA gene
sequence
The phylogenic relationship of potential endophytic
bacteria of seagrass in this research and nearest species
depicted in Figure 3. The construction of phylogenetic tree
or known as dendrogram conducted using Molecular
Evolutionary Genetics Analysis (MEGA) program version
7.0 (Kumar et al. 2015) by using Neighbor Joining (NJ)
methods (Saitou et al. 1987).
According to a phylogenic tree, isolated bacterial
E2M1, E2M3, E2M4, E2M7, and E2M8 have a very close
phylogenetic relationship since clustering in one group.
Those six of the endophytic bacteria were isolated together
from the same seagrass E. acoroides which came from
Oeseli Beach, and it belongs to genus Bacillus, the
Bacillaceae family. Those six potential isolated endophytic
bacteria have the furthest phylogenetic relationship with
isolate T1M3 which is indicated as Rhodobacteraceae
family. T1M3 is isolated from different species of seagrass
and different growing area that is T. hemprichii from
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Litianak Beach. Isolate C2M3 which belongs to
Shewanellaceae family has near phylogenetic relationship
and belongs to the same group with isolated C1M7 which
belongs to Rhodobacteraceae even though each isolate are
isolated from the different growing area and different
species of seagrass. It is because the three group of the
isolates belong to Gram-negative bacteria.
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Abstract. Lisnawati A, Lahjie AM, Simarangkir BDAS, Yusuf S, Ruslim Y. 2017. Agroforestry system biodiversity of Arabica coffee
cultivation in North Toraja District, South Sulawesi, Indonesia. Biodiversitas 18: 741-751. Sustainable coffee plantation emphasizes the
concept that is able to provide services that can improve the quality of the environment and the ecosystem as a conservation efforts.
Arabica coffee plants do not need full sunlight that they are planted according to agroforestry system which covers simple mix system to
complex system such as forest. Shade tree has a very big role in sustainable coffee agro-ecosystem and become one of the conditions in
the world's coffee certification. This study aimed to analyze the role of shade trees lamtoro types (Leucaena glauca), and calliandra
(Calliandra calothyrsus) used by companies as an agroforestry systems on coffee cultivation in North Toraja located at an altitude
between 1050-1250 m above sea level, this study was conducted from January to December 2016. Result of the study suggests that the
shade trees lamtoro and calliandra influence the amount of sunlight intensity that reaches coffee plant. The shaded and unshaded coffee
plants received different sunlight intensity of every minute with a coefficient of determination R2 = 0.98 for unshaded and R2 = 0.89 for
under the shade of calliandra, with a diameter growth increased 7.8% year-1, increase growth (riap) diameter decreased 2% year-1.
Cherry increased growth of 13.5% year-1 with an average weight of 3.81 g beans-1,while for the effect of lamtoro, the coefficient of
determination is R2 = 0.98 for unshaded and R2 = 0.91 for under the shade. The percentage of light intensity outside and under the shade
obtained from a 17 year coffee plant is on average of 58% for the types of tree of calliandra, while for lamtoro the average is of 72.5%,
diameter growth of coffee tree in under shade lamtoro by 7.4% year-1 and increase of growth (riap) diameter decreased by 2.5% year-1,
cherry growth increased by 13.3% year-1 with an average weight of 3.92 g beans-1. In addition to that, shading also affect the
surrounding nutrient soil and maximum production of coffee is achieved at the age 17 years i.e. an average of 1.50 kg tree-1 for a shaded
tree calliandra species and 1.35 kg tree-1 for lamtoro species.
Keywords: Agroforestry, Arabica coffee, lightintensity, shade tree

INTRODUCTION
South Sulawesi is a province rich with abundant natural
resources that support the livelihood of farmers, such as
through plantation crops produce. One of plantation crop
commodities that play a pivotal role in the economic
growth is coffee. Coffee, despite not being an indigenous
plant of Indonesia, plays an important role in the nationwide plantation industry. North Toraja District is the center
of Arabica and Robusta coffee plantations cultivated by
local people, domestic and overseas companies or by joint
ventures between local people and company to form coffee
plantation by clearing the forest or converting forest into a
coffee plantation. These actions cause declining in forest
area; land conversion from forest to coffee plantation or
other agricultural systems will cause changes in
environmental condition in the surrounding area, primarily
hydrological function, soil fertility, carbon deposits, and
biodiversity; causing deranged forest function. Therefore,
wisdom values in utilizing natural resources are very
important. It is particularly important, empirically because
one of the most alarming crisis phenomena is a condition at

which natural resources unwisely exploited. Thus, to
achieve a sustainable forest management in society is not
only requiring the awareness of local society but also
considering the calculation of business cost and a more
precise analysis, in order to maintain forest function
(Muliadi et al. 2017).
Sustainability of coffee plantation business by people or
firm is an important matter, and an effective and efficient
strategy for agricultural ecology intensification (Dore et al.
2011), considering the importance of coffee as a plantation
product or commodity in national economy, as shown by
its role in providing job opportunity and foreign exchange
through export. The desired coffee plantation is the one that
provides an increasing crop produce and serves to
remediate the environment. The use of shade trees with
agroforestry system can function ecologically as a provider
of nutrition (Lopes-Rodriguez et al. 2015) and firewood as
an alternative additional income source (Shalene et al.
2014). Shade trees grown on coffee plantation can function
as an incoming light attenuator for the coffee plants and a
source of wood. Thus, the determination of composition is
critical to maintaining the balance of ecological function
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and productivity of coffee agroecosystem (Kitai and Lahjie
2016). The sustainable coffee agroecosystem is the basis
for the initiation of coffee certification. Shade trees are
crucial for the development of a sustainable coffee
agroecosystem and become the foundation upon which
coffee certification initiative commencement. Coffee shade
trees are the mean to conserve biodiversity in the tropical
area, despite the extensification of coffee cultivation
contributes to deforestation and loss of biodiversity (Ebisa
2014). Coffee cultivation using shade trees has been long
utilized by the people or plantation company in North
Toraja region. Agroforestry system applied on coffee plant
with shade trees is a promising alternative to improve
agricultural system (Cerdan et al. 2012) and as an effort to
support the livelihood of local people in rural and remote
area; it also functions to conserve biodiversity (in simple
agroforestry system, understanding of characteristics,
diversity and function of shade trees are necessary to
improve the sustainability of coffee agroecosystem
(Mamani-Pati et al. 2012). Measuring incoming light
intensity is also an absolute requirement to understand the
effect of shade trees on plant productivity underneath.
Land conformity of a coffee plant is highly influential
to plant growth, primarily microclimate condition around
the coffee plant. Shading in coffee cultivation acts to
control micro climate for an optimal coffee growth
(Soedrajad 2013). In addition, a coffee plant does not
require direct illumination (100%), thus coffee plant
cultivated with agroforestry system is done by planting
shade trees such as tiger's claw tree (dadap), white lead tree
(lamtoro), albizia (sengon), calliandra, etc. Different shade
trees will also give a different light intensity that affects
plant physiological and morphological factors, as well as
affecting plant production (Sholikha et al. 2015). Shade
trees for coffee plant cultivated using agroforestry system
will have ecological functions, i.e., to serve the
environment by recycling nutrition (Lopez-Rodriguez et al.
2015). Shade tree functions in serving the environment for
coffee agroecosystem as an agroforestry system (Jose
2009), such as the falling brown waste from shade trees
constitute an important source of nutrient for coffee
agroecosystem, producing and regulating biomass
production (Evizal et al. 2009), improving the coffee bean
yield and quality (Bote dan Struik 2011). Shade trees
provide many benefits, i.e. (i) Increasing soil organic
material and nutrient through brown waste or through
nitrogen fixation if the shade is a legume, (ii) Reducing soil
loss from erosion, (iii) building up carbon, (iv) improving
biodiversity function as well as suppressing weed growth
(Tscharntke et al. 2011).
Research about the effect of shade trees used for coffee
cultivation on coffee plant growth and productivity has
been widely conducted. Nevertheless, the result of those
studies cannot be generalized for all region since each
study location has different environmental characteristics.
Therefore, this study aim to see and observe the used
shade, received light intensity as well as their effect on
nutrient and Arabica coffee production.

MATERIALS AND METHODS
Study area
North Toraja is one of district in the province of South
Sulawesi, Indonesia which is famous for its Arabica coffee.
The research was conducted at coordinate 03 ̊01’04,7” - 03 ̊
01’13,2” N dan 119 ̊58’25,3” - 119 ̊ 59’44,9” S (Figure 1)
from January until October 2016. The location altitude was
between 1050-1250 m above sea level, relative humidity
(RH) 75-90% and temperature 26-29°C. Annual average
precipitation for the last 10 years (2005-2015) was 3466
mm. The precipitation data is visualized in Figure 2.
Location selection was done by purposive sampling on 17year-old coffee plants, direct variables measured in this
study including light intensity, soil, and production of
model coffee plants shaded by lamtoro (Leucaena glauca)
and calliandra (Calliandra calothyrsus) trees, in 5-hectare
areas. Meanwhile, plots of other plant ages were obtained
as a secondary data from the company.
Procedure
Determining plot sample for calliandra and lamtoro: 10
total plots, with total plot area 10 ha, each plot has 1 ha
area, and within each plot, there were 5 observation points.
Each plot was divided into 5 points with diagonal pattern
(Figure 3), and 40 m distance between each point. Light
intensity measurement was conducted from 06: 00-18: 15.
The light intensity measuring instrument was positioned
above the coffee plant and beneath the shade trees (2-3
meters). The measurement was done every 15 minutes
interval by using Lux meter KW06-291 Krisbow. Location
coordinates were determined by using GPS instrument.
Data collection
Observations on biophysics condition of the Arabica
coffee cultivation consist of shade type, shade biomass, soil
macronutrients beneath the shade, and coffee bean yield as
well as the type of conducted activity and coffee
production data. Light intensity measurement was carried
out beneath and outside the shade. For measurement
beneath the shade, there were 5 points per hectare, at each
point measurement was conducted every 15-minute interval
from one point to another point. As for measurement
outside the shade, there was only one measurement point at
the top position located nearby the plot. Thereafter,
calculation of light intensity percentage was done. To
calculate the falling brown waste matter from the shade
trees and coffee plants, 9 liter trap in the form of 5 x 5 m
paranet was set. Soil sampling was done around the light
intensity measurement point by using soil bore in the depth
of 0-35 cm, soil samples taken from several plots were then
composited and analyzed for their macronutrients at the
laboratory of soil and water, Samarinda State Agricultural
Polytechnic Institute.
The literature review was done by studying literature
and reports from agencies associated with coffee plant
cultivation in North Toraja District, as well as conducting
in-depth interviews and group discussions with on-site
company and workers of Arabica coffee cultivation in
research location.

LISNAWATI et al. – Agroforestry systems cultivation of Arabica coffee
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Figure 1. Research location at Pedamaran Village, Rantebua Subdistrict, North Toraja District, South Sulawesi Province, Indonesia

Figure 2. Annual average precipitation for the last 10 years
(2005-2015) in Pedamaran, Rantebua, North Toraja, South
Sulawesi, Indonesia

Figure 3. The pattern of light intensity measurement points by
using lux meter instrument

Data analysis
Data analyses including:
Light intensity percentage value (%) of each plot was
calculated by using formula:

Analysis of maximum coffee bean yield was done
based on measurement time interval (cycle) by calculating
average annual production average product (AP) and
marginal product (MP) van Gardiningen et al. (2003).

Light intensity =

x 100%

A = Light intensity above the coffee plant canopy
(beneath the shade)
B = full light intensity (outside the shade)

AP

=

AP = average annual production (average product)
Pt = total production at age t
t = age
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MP =
MP
Pt
Pt-1
T

= Annual on-going production (marginal product)
= total production at age t
= total production at age t-1
= measurement age at year 1

RESULTS AND DISCUSSION
The coffee plant is a C3 plant whose cultivation does
not require full sunlight illumination, there by necessitating
shade trees. Shade trees for a coffee plant can be varied and
consisted of higher tree species (Capitan et al. 2014), but in
this study shade trees used were Calliandra (Calliandra
calothyrsus) dan lamtoro (Leucaena glauca). Farmer chose
a leaf-and-twig-dense tree, by taking into consideration the
shape of canopy production, brown waste, root property,
nitrogen fixing property, as well as fruit and wood yield
(Cerdan et al. 2012). Shade trees generally used for the
coffee plant is legume tree such as dadap (Erythrina
sububrams), gamal (Gliricidia sepium) dan lamtoro
(Leucaena glauca). Many of organic coffee plantation
using legume as shading trees were found in Indonesia. In
Sumberjaya Lampung, Indonesia, 10 species out of 36 tree
shade tree species belong to the legume family, such as
Gliricida sepium, Dalbergia latifolia, Paraserianthes
falcataria, Parkia speciosa, Acacia sp., Archidendron
pauciflorum and Archidendron microcarpum (Evizal et al.
2016).
Shade trees used in Arabica coffee plant cultivation
differ from one site to the others because each region has
different climate and environment characteristics. Planting
shade trees is one of the ways to achieve desirable
environmental for growing the coffee plant. This method
has been used in some countries including Ethiopia which
cultivating its coffee plant under shading condition
(DaMatta et al. 2007). Utilization of shade tree in Arabica
coffee plantation will reduce light intensity received by the
plant, thus causing changes in temperature and humidity
around the plant area.
A shade tree is highly influential for coffee seed
growth, in addition to climate, soil condition, seed

Figure 4. Arabica coffee plants and their shade trees

superiority and immunity against disease. Shade trees are
really necessary for the coffee plant to alleviate the
detrimental effects of high-intensity sunlight irradiation and
to lengthen economical age of a plant. A shade tree will
attenuate sunlight intensity received by the plant (Marino et
al. 2016). Each plant will require a certain range of light
intensity from the sun to be able to conduct a maximum
photosynthesis. Thus, shading aims to provide a desirable
light intensity for such photosynthesis process. In addition,
the nutrient also plays a pivotal role for coffee plant growth
and productivity. Since coffee plant does not require a
direct sun illumination, thus it is highly suitable to apply a
coffee plantation scheme based on agroforestry system.
Shade tree pruning is done once every 3.5 years, there after
pruning is done every year. When the plant is still young, a
relatively high shading intensity is provided. Shading
intensity is then gradually reduced as the coffee plant grow
older, or depend on the various growing factor. The older
the coffee plant age, the higher the light intensity given (for
a 4-8-year-old plant, the received light intensity is around
30-40%), at the age of 4-13 years, the light intensity is
about 46-55% and 56-89% for plant above 13 years.
Shading level required by coffee plant differ according to
phase and growth requirement of the plant. At seeding
phase or young age, the required shading level is higher
than that of adult phase or generative growth phase (Arif et
al. 2011). Sunlight intensity dynamics of calliandra and
lamtoro shade trees can be seen in Figure 7 dan Figure 8.
Observation results of light intensity measurement done
for 4 months starting from April, July, October, and
January on coffee plants beneath 17-years-old calliandra or
lamtoro shade showed a different perception in light
intensity. According to the measurement under calliandra
shade, the light intensity received by shaded and nonshaded coffee plants differed in every minute and the data
showed represented observation conducted on each shade
at the same time. The coefficient of determination of the
light intensity in non-shaded Arabica coffee plant was R2 =
0.98, while that of the shaded plant was R2 = 0.89 (Figure
7). Similarly, in the lamtoro-shaded group, the coefficient
of determination of the light intensity in the non-shaded
coffee plant was R2 = 0.98, meanwhile, that of the shaded
plant was R2 = 0.91. These result meant that the
determination was positive with a very strong correlation,
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Figure 5. Calliandra (Calliandra calothyrsus) shade tree (tree, leaves and flower form)

Figure 6. Lamtoro (Leucaena glauca) shade tree (tree, leaves and flower form)

Figure 7. Light intensity on calliandra (Calliandra calothyrsus) shading

Figure 8. Light intensity on lamtoro (Leucaena glauca) shading

in other words, there is a correlation between light intensity
(Y) with time, as the time progressing the light intensity
become increasingly higher, and vice versa. However, there
were other factors that can affect the perceived light
intensity, such as, canopy area, wind blow, etc. Calliandra
and lamtoro shade differ in size and leaf as well as canopy
size, causing different light intensity passed down to the
Arabica coffee plants. Long et al. (2015) suggested that
change occurred in light perceived by coffee plant shaded
by durian (Durio zhibethinus), jati cina (Alexandria senna),
and lamtoro in which light intensity in lamtoro shading was
bigger than those in durian and jati cina trees.
A few conducted studies showed that the utilization of
shade trees on coffee plant cultivation will give certain
effects on biotic and abiotic factors, such as temperature,
humidity, and the wind (Jaramilo et al. 2013; Marino et al.
2016). While, the measurement of average light intensity
comparison received by Arabica coffee plant under and
outside calliandra shade was 58% (5419 lux), on lamtoro
measurement, the light intensity was 72.5% (6590 lux)
(Figure 9), the light intensity under the shade had a
different light intensity movement for each minute.
Shading level is closely related to the light intensity, whilst
light intensity is closely related to plant photosynthesis and
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stomatal activity. The received light intensity described
above is estimated to be sufficient for the coffee plant to
carry our photosynthesis, a process of organic compound
formation from inorganic material in a plant which occurs
with the energy from light. As previously described by
Sobari (2012) that desirable light intensity is ranged
between 40% to 70%. The light that passes down under the
calliandra and lamtoro shade can be utilized as optimum as
possible for flowering and fertilization of coffee plant.
Higher sunlight intensity and temperature received by the
plant in coffee plantation area will affect net carbon
assimilation, and in turn, will decrease photosystem II
efficiency and stomatal conductivity. In coffee plant
photosynthesis, light quality and quantity hold a very
important role (Parwoto 2007;Charbonnier 2013).
Coffee plant exposed to high light intensity will cause a
bigger energy loss compared with energy used for
photosynthesis activity. The difference in light intensity
will affect photosynthesis yield. Temperature increase
around a coffee plant will affect CO2 and O2 levels around
leaf surfaces. According to Mayoli and Gitau (2012),
higher temperature and excessive light intensity also cause
the breaking of O2 from H2O, making more O2 molecules
more abundant on leaf surfaces than CO2. This in turn, will
cause photorespiration, leading plant to lose the energy for
its growth. Photorespiration does not produce energy
beneficial for the plant. Thus, one of the efforts to repress
photorespiration rate and to increase productivity is to
utilize shade trees. High light intensity cause temperature
increase around the plant, especially on the surface of the
coffee plant. Excessive sunlight intensity and its uneven
distribution will interfere with growth and developmental
processes into flowering and fertilization. Geromel et al.
(2008) suggested that sucrose and sucrose-phosphate
synthesis activities are apparently higher on the shaded
coffee plant compared with that of without shading (full
sunlight irradiation). Reduction in photosynthesis yield will
also inhibit coffee plant growth and development, including
fruit formation.

A difference in shading type usage for a coffee plant
can cause different physiological responses on the plant.
Shade trees or awning can control the incoming sunlight
intensity needed by the coffee plant for flowering and
fertilization. Coffee plant growth and development is also
affected by shading condition (Muliasari 2016). Shade trees
also play an important role in the sustainable
agroecosystem of coffee plantation by performing soil
conservation endeavor through shade trees and brown
waste management (Vaast et al. 2008; Evizal et al. 2010).
Shade trees also remediate environment by providing
nutrients (Lopez-Rodriguez et al. 2015). Biomass and
nutrient analyses on Arabica coffee cultivation using
agroforestry system with calliandra and lamtoro shadings
can be seen in the Figure 10.
The biomass and brown waste matter production
increased as the tree grow older. Meanwhile, tree
productivity was depended on shade tree type. Calliandra
and lamtoro are legumes which regularly shed their leaves
in the dry season that occur on May-September and there is
still a low-intensity rain occurred (6-7 days per month).
Annual productivity of brown waste matter from shade tree
and its monthly dynamics pattern depended on the shade
tree type (Evizal et al. 2009). Lamtoro tree is a type of

A

B

Figure 9. Light intensity percentage on calliandra (Calliandra
calothyrsus) and lamtoro (Leucaena glauca) shading types

Figure 10. Biomass and brown-waste matter on: A. Lamtoro (Leucaena glauca), B. Calliandra (Calliandra calothyrsus) shadings
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Figure12. Macronutrients on calliandra (Calliandra calothyrsus)
and lamtoro (Leucaena glauca) shadings

Figure 13. Total N content on calliandra (Calliandra calothyrsus)
and lamtoro (Leucaena glauca) shadings

Figure 14. Macronutrients content on calliandra (Calliandra
calothyrsus) and lamtoro (Leucaena glauca) shadings

legume that shed almost all of its leaves in dry season. The
fallen brown waste matter of the tree is important in
contributing nutrients, especially nitrogen to replace
nutrient loss during coffee bean harvest. Thus, coffee
agroecosystem with shade trees generally requires lower
fertilizer input than that without shade tree.
Calliandra and lamtoro shading produce a lot of macroand micro-nutrients needed by coffee plant and one factor
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that determine the successful coffee plant cultivation as
well as the sustainability coffee cultivation in improving
the environment for coffee agroecosystem using
agroforestry system (Jose 2009). Agroforestry is an
alternative form of land utilization consisting of hard plants
mix (trees or shrubs) with or without perennial plants.
Thus, agroforestry is a proposed means to conserve
biodiversity, food production, and provide other ecosystem
services such as climate change and carbon deposit
(Beenhouwer et al. 2016; Wiryono et al. 2016).
Agroforestry can be considered as land sharing strategy to
conserve biodiversity and increase agricultural production
(Fischer et al. 2014) and as an endeavor to reduce the
CO¬2¬ level in the atmosphere, in the light of carbon
provision in the atmosphere in agricultural land
(Hergoualc’h et al. 2012).
Shade trees as brown waste producer and source of
organic material in coffee plantation which are obtained
from fallen and pruned leaves. Lamtoro (Leucaena glauca)
shading contributes the total P and Mg more than those of
calliandra shading. Evizal et al. (2009) reported that shade
trees affect the structure of brown waste structure produced
by a mature coffee agroecosystem. Shade trees as brown
waste source plays an important role in sustainable coffee
plantation system, since they are associated with provision
of nutrient cycle and suppression of soil erosion (Sepulveda
and Carillo 2015) apart from their function as a regulator to
create microclimate condition able to adapt to climate
change suitable for coffee plant growth and development
because climate change affect the produced coffee bean
(Craparo et al. 2015). Shade plants also function to
maintain ecological balance and soil nutrition and to
provide macro nutrition to the coffee plant cultivation with
agroforestry system (Soedrajad 2013).
A shade tree is one of a crucial subsystem to recover
nutrient cycle in a coffee plantation and gives a positive
impact toward soil fertility by increasing the input of
organic materials and increasing soil N availability. N
element is critical for the vegetative growth of a coffee
plant, including fruit branch formation, thus potential to be
more fruitful (Evizal et al. 2009). A shade tree is able to
reduce organic material and nutrient loss from the soil
through its role in reducing erosion as well as retaining
water (Sepuvelda and Carillo 2015). Evisal et al. (2009)
suggested that brown waste falling from shade trees and
coffee plants is highly affected by dry season and the
brown waste matter productivity is determined by the
presence of shade trees.The presence of this shade trees
will serve the environment by producing brown-waste
matter, reducing coffee tree leaf shedding in during the dry
season, as well as repressing weed growth. Branch and
twig pruning of shade trees and coffee plants will provide
additional organic matter input. Furthermore, the organic
matter on the soil surface and pre-existed in the soil will
undergo decomposition and mineralization releasing
nutrients into the soil. Brown-waste matter from shade
trees is an important nutrient source, in particular, nitrogen
for coffee plantation. N element is the key factor to
productivity and sustainability coffee agroecosystem (Van
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der Vossen 2009). The high N input of soil beneath the
shade will affect the increase in coffee and forest
production associated with the resulting absorption N
biomass, thus the cultivated coffee under shadings highly
recommended to be improved as an ecosystem sustainable
effort (Lopez-Rodriguez et al. 2015).
The contribution of N and P nutrients is higher on
lamtoro (Leucaena glauca) shading than that of calliandra
shading
on
17-years-old
coffee
agroecosystem.
Agroecosystem type contributes to P of the brown waste.
According to Evizal et al. (2012) on coffee agroecosystem
without shade trees, weed’s brown-waste primarily
contributes for P, reaching up to 89%. Meanwhile on
coffee agroecosystem with shading, weed’s brown-waste
primarily contributes 46-60% P. Despite the fact that the
difference in brown waste P indicating a positive value on
all type of mature coffee agroecosystem, weed is a strong
competitor for coffee plant because it consumes a lot of P.
Therefore, coffee plantation weed need to be controlled
wisely. Uncontrolled weed growth will cause fertilization
failure.
In addition to affecting the produced nutrients,
calliandra and lamtoro shade trees affect diameter growth
and coffee cherry which will determine the Arabica coffee
production, as shown in the result Figure 15, 16, 17, 18.
Calliandra and lamtoro shade trees provide a different
light intensity on the Arabica coffee plants. This difference
will cause a different effect on growth and physiological
character of the cultivated Arabica coffee plants. The
difference in the perceived light intensity will affect plant
photosynthesis (Pompelli et al. 2010; Dwiyono 2011;
Sholikha et al. 2015). The difference in light intensity
perceived by coffee plants is caused by the difference of
the shade trees. Calliandra and lamtoro possess little
differences in the shape and size of their leaf and canopy;
this will lead to different light intensity passed down to
Arabica coffee plant. Figure 15 showed that coffee plant
diameter growth under lamtoro tree shade has a highly
linear correlation, with a growth of 7.4% year-1. As the age
increased, the diameter increase. Meanwhile, the diameter

A

growth increment decrease by 2.5% year-1. Under
calliandra shading, coffee plant diameter growth increase
as much as 7.8% year-1, while its diameter growth
increment decrease by 2% year-1. Shade intensity provided
will affect the seed growth, including height, leaf number,
diameter, etc. (Muliasari 2016).
The harvested coffee fruit is a fully mature red fruit or
cherry. The cherry coffee production increased. Figure 16
shows analysis result of cherry fruit under lamtoro and
calliandra shades. The graph showed that the cherry
production is also determined by coffee plant diameter and
showed a strong correlation with the coefficient of
determination R2 = 0.97. This result means that as the age
increased, the diameter becomes bigger. The production of
cherry increased with growth reach as much as 13.3% year1
from 3- until 25 years-old, with an average fresh weight
3.92 g bean-1. Under calliandra shading, the resulting
cherry was bigger than that under lamtoro shading. The
cherry size also increased as the plant age and diameter
increased, with a growth of 13.5% year-1 and average been
weight 3.81g bean-1. To be a dry coffee bean, cherry
undergoes a series of processing to reduce the water
content. Dry coffee bean total production in this study
showed an annual increase as the plant age increased.
Similarly, the average annual production (AP) increased
and at age 17 years-old showed the maximum yield for
both shading types. This is indicated by the intersection
point between AP 105.9 kg tree-1ha-1 and average on-going
annual production or marginal product (MP) 95 kg ha1
year-1 or 1.35 kg tree-1 ha-1for lamtoro. Meanwhile, under
calliandra shading, AP 105.9 kg tree-1ha-1 and MP 105 kg
ha-1year-1 or 1.50 kg tree-1ha-1 (Figure 17).
Figure 18 showed that the total dry bean yield (kg-1ha-1)
increased by 0.12% of total bean dry weight under lamtoro
(Leucaena glauca) shading, with a coefficient of
determination R2 = 0.83. Meanwhile, under calliandra
shading, the total dry bean yield (kg-1ha-1) increased by
0.17% of total bean dry weight showing a strong
correlation with a coefficient of determination R2 = 0.94.

B

Figure 15. Diameter (d) growth of coffee plant under: A. Lamtoro (Leucaena glauca), B. Calliandra (Calliandra calothyrsus) shading
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B

Figure 16. Coffee cherry production under: A. Lamtoro (Leucaena glauca), B. Calliandra (Calliandra calothyrsus) shading

A

B

Figure 17. Correlation between average annual production (AP) and average on-going annual production or marginal product (MP) of
Arabica coffee under lamtoro (Leucaena glauca) (left) and calliandra (Calliandra calothyrsus) (right) shading

A

B

Figure 18. Arabica coffee bean total production and bean dry weight produced under lamtoro (Leucaena glauca) (left) and calliandra
(Calliandra calothyrsus) (right) shading
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Total dry bean yield produced under both lamtoro and
calliandra shadings increased every year with an average of
1062 kg-1ha-1 and 1186 kg-1ha-1, respectively. Dry coffee
bean yield produced under calliandra shading was 11.7%
higher than that under lamtoro shading because the
perceived light under lamtoro shading was less intense than
that under calliandra shading. Shade type and shading
percentage coverage onto a plant will affect photosynthesis.
Since shading level is strongly correlated with the
perceived light intensity, coffee plant will perform
photosynthesis better if the received sunlight illumination
is no more than 60% (Prawoto 2007). Too high or low light
intensity will cause sub-optimal photosynthesis.
A difference in the perceived light intensity will affect
plant photosynthesis (Pompelli et al. 2010; Dwiyono 2011;
Sholikha et al. 2015). The difference in the perceived light
by the Arabica coffee was caused by the difference in
shading type applied. Calliandra and lamtoro shadings have
little dissimilarity in shape and size of leaf and canopy,
thus the transmitted light intensity received by the coffee
plant will differ as well. Too high or low light intensity will
cause sub-optimal photosynthesis. According to Schroth et
al. (2009), an increase in temperature will reduce coffee
bean yield. The difference in the perceived light intensity
by the coffee plant was caused by the presence of shade
trees which affected the plant yield. Shading applied on the
coffee plant will affect the amount of light intensity
received. Light intensity reduction using agroforestry
system can increase the quality of produced coffee bean,
reduce water stress, increase light utilization efficiency
(Charbonnier 2013).
The presence of shade trees will affect the amount of
light intensity received by the plant. Shade trees planted in
an adequate number will ecologically and economically
impact coffee plant cultivation. The effect of shade trees to
control production depends on soil and environmental
conditions, tree species, and plantation management. A
number of previous studies suggested that shade trees
affect coffee growth and productivity (Soto-Pinto et al.
2000; Kufa and Burkhardt 2011; Ebisa 2014). Evizal et al.
(2016) suggested that there was a positive correlation
between shade trees with coffee productivity. Percentagewise, legume shade trees can either increase or decrease
yield, and if they are not managed properly, for example by
controlling weed growth which a strong competitor that
need to be controlled wisely, the uncontrolled weed growth
will cause coffee fertilization failure (Lemes et al. 2010).
In an effort to create desirable environmental conditions
suitable for coffee plant growth, thus shade plants that play
a crucial role in a sustainable coffee production system are
used (Evizal et al 2009). Coffee plant growth and
productivity with and without shading showed different
results. Coffee plant under shading condition yield much
bigger and heavier produce (Bote and Struik 2011). Tree
characteristic that can optimally function as a shade such as
contributing to soil fertility as well as providing additional
products will influence farmers in selecting shade trees to
be used in the coffee plantation (Kalanzi dan Nansereko
2014).

As the conclusion, shade trees act as an important pillar
for a sustainable coffee plant agroecosystem. Calliandra
shade tree transmitted lower light intensity on Arabica
coffee plant, with a coefficient of determination R2 = 0.89.
The average percentage ratio of light under and outside the
shade was 58%; diameter growth increased by 7.8% year-1;
while diameter growth increment decrease by 2% year-1.
The coffee cherry produced increased by 13.5% year-1with
average weight 3.81g cherry-1 and higher yield of 1.50 kg
tree-1ha-1. For lamtoro tree shading, the transmitted light
intensity was higher, with a percentage ratio of light under
to outside the shade 72.5% and a coefficient of
determination R2 = 0.91. The coffee plant diameter growth
under the lamtoro shading was 7.4% year-1 and the
diameter growth increment decreased by 2.5% year-1.
Meanwhile, the cherry growth increased by 13.3% year-1
with an average weight of 3.92 g bean-1 and plant yield was
1.35 kg tree-1ha-1. The maximum coffee production was
achieved at age 17-years-old. Different light intensity
causes a different coffee plant productivity. In addition,
shade trees is able to produce biomass and brown waste
matter beneficial for nutrient cycle, as well as to function
as regulator for microclimate condition conducive for
coffee plant growth and development.
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Abstract. Muchlisin ZA, Nurfadillah N, Arisa II, Rahmah A, Putra DF, Nazir M, Zulham A. 2017. Short Communication: Fish fauna of
Lake Lauik Tawar and Lake Laulo, Simeulue Island, Indonesia. Biodiversitas 18: 752-757. The objectives of the present study were to
evaluate the species composition and diversity index of fishes in Lake Lauik Tawar and Lake Laulo, Simeulue Island, Aceh Province,
Indonesia. The survey was conducted from 17th to 21st of November 2015. The fishes were sampled using gillnets with mesh size 1-3
inches. The representative of each species was photographed and then preserved in 10% formalin and transported for taxonomic
identification in the Laboratory of Ichthyology, Syiah Kuala University, Banda Aceh, Indonesia. The study showed that there were 11
species of fish recorded during the survey; where eight species were found in Lake Lauik Tawar and six species were found in Lake
Laulo. Two species of alien fish were recorded in Lake Lauik Tawar, i.e. Osphronemus gouramy and Oreochromis niloticus and one
species in Lake Laulo i.e. O. niloticus. In addition, Ambassis miops and Clarias batrachus were predominant species in Lake Lauik
Tawar and Lake Laulo, respectively. In general, the two lakes were categorized as a low degree of fish diversity.
Keywords: Diversity, endemic, Indian Ocean, inland fisheries, outer-most island of Indonesia

INTRODUCTION
Indonesia is known as a megadiversity country in the
world just after Brazil. Vida and Kotai (2006) estimated
that about 50,000 species of fish occurred worldwide. Of
these, about 22000-25000 species have been identified and
described (Allen 2000; Gilbert and Williams 2002). In
addition, Nelson (1994) predicted that approximately 200
new species per year are recorded and 40% of them are
freshwater fish. Djajadiredja et al. (1977) estimated that
there are 4000 species of freshwater fishes found in the
waters of Indonesia and Kottelat et al. (1993) reported that
more than 964 species of freshwater or brackish water were
recorded in the western region of Indonesia and Sulawesi
(Muchlisin and Siti-Azizah 2009) reported that at least 114
freshwater and brackish fishes are found in Aceh waters,
and according to Muchlisin et al. (2015) 73 species of those
are recorded from the Tripa peat swamp forest . However,
Muchlisin and Siti-Azizah (2009) and Muchlisin et al.
(2015) noted that the report of the fish communities from
the outermost islands of Indonesia like Simeulue Island
was scanty.
Simeulue Island has situated in the Indian Ocean
approximately 150 km from the mainland of Sumatra

Island. Simeulue has big potency on the fishery, for
example, the island had 400 km coastline with fishery
production about 13,966 tons a year in 2015 (Rahmantya et
al. 2016). Besides of being rich in a marine fishery, the
island also has the potency of inland waters resource, for
example, the Simeulue Island has 26 watersheds where the
main watersheds are Sangiran (26,534.64 ha) and Devayan
(14,659.02 ha). It has four lakes, namely, Lake Lauik
Tawar (56.95 ha), Lake Laulo (169.6 ha), Lake Tirama
(18.72 ha), and Lake Luan Buoyo (10.45 ha) (RPJMD
2012).
Other than as an isolated area, Simeulue Island also has
a unique hydrology condition, for example, marshes and
estuaries, short and shallow rivers and small lakes. It is
very likely that the new fish species or endemic species are
found. This is the first report of ichthyofauna from the
outermost island of Aceh Province, Indonesia, and the
survey is focused on the two bigger lakes in Simeulue
Island, i.e. Lake Laulo and Lake Lauik Tawar. The
objective of the present study was to explore the fish fauna
of Lake Lauik Tawar and Lake Laulo in relation to
providing the comprehensive database of freshwater fishes
of Aceh Province, Indonesia.
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ranged between 30.0 and 32.4oC, pH ranged between 7.3
and 8.8, dissolved oxygen ranged between 3.5 and 4.2 ppm,
and water visibility ranged between 72 cm and 75 cm.
While, Lake Laulo is located in the Village of Amabaan,
Subdistrict of Simeulue Barat, at approximately 100 above
sea level. The lake has an area of 169.6 ha with the
maximum depth of 20 meters. The estimated water’s
volume was about 20.352 million m3. Lake Laulo has three
inlets and one outlet that have been surrounded by clove
plantation, nypa, sago palm, and shrubs. The artisanal
capture fishery is the main activity in the lake with the
dominant fish target is working catfish (Clarias batrachus).
The direct measurement of water quality parameters
showed that surface temperatures ranged from 30.3 to 31.3
o
C, the average pH was 6.73, dissolved oxygen ranged
from 4.1 ppm to 4.3 ppm, and the average water visibility
was 57.5 cm.

MATERIALS AND METHODS
Study area
The survey was conducted from November to
December 2015 in Lake Laulo (2°.83” 06’ 57”, 95°.81” 97’
67” E) and Lake Lauik Tawar (2º.37’.25.47” N, 96
º
.6’.8.48”E) of Simeuleu District, Aceh Province, Indonesia
(Figure 1). Lake Lauik Tawar is situated in Bulu Hadek
Village, Teluk Dalam Subdistrict, at 100 meters above sea
level. The lake has 800-meter length and 500-meter width
and the maximum depth is 15 meters. The estimated
water’s volume was about 6.83 million m3. Lake Lauik
Tawar has four inlets and two outlets. The lake is
surrounded by scrub and dense forests. The lake has been
utilized for ecotourism and recreational fishing activities.
In situ measurement of the main water quality parameters
during the study showed that surface water temperature

1

2

Figure 1. The map of Indonesia archipelago showing Simeulue Island of Aceh, Indonesia and sampling sites. 1. Lake Laulo, 2. Lake
Lauik Tawar
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Figure 2. Field study in Lake Lauik Tawar and Lake Laulo, Simeulue Island, Aceh Province, Indonesia. A. Sampling activity in the
Lake Lauik Tawar, B. Sampling activity in the Danau Laulo, C. The evening monitoring of gillnets at the Lake Danau Laulo, D. The
fish samples from Lake Lauik Tawar

Fish sampling and identification
The fish sampling was conducted on 17th to 21st of
November 2015 at Lake Laulo and Lake Lauik Tawar
using nine gillnets (mesh size 1.0-3.0 inches). The
sampling was conducted purposively at the sites allegedly;
there are fishes based on information from local fishermen.
The gillnets were settled up for 24 hours and the catches
were monitored every 6-hour. The sampling activity was
presented in Figure 2. The samples were recorded as well
their local name and the number of individuals of each
species. The representatives of every species from each
location were photographed and then preserved in 10%
formalin. The samples were transported to the Ichthyology
Laboratory of the Faculty of Marine and Fisheries,
University of Syiah Kuala, Banda Aceh, Indonesia for
further taxonomic identification based on Kottelat et al
(1993), Saanin (1988), Nelson (1994), Gilbert and
Williams (2002), and Vida and Kotai (2006).
Data analysis
Shannon-Wiener diversity index, H’
The Shannon-Wiener index (H’) was used to calculate
the fish diversity as follows: H’ = Σ (Pi x Log (Pi) , where Pi
= Ni/N (Ni is a total number of individuals in a species i; N
is total number of individuals for all species). The diversity
index expresses the species richness in a community and
shows the balance in the individual proportion of every
species (Muchlisin and Siti-Azizah 2009). This value will
increase as total species increased and total individual of

every species was proportional or even (Kreb 1985).
According to Odum (1971), the diversity index is classified
into three levels, that is, low (H<2), moderate (2<H<4), and
high (H>4).
Margalef species richness index, d
The species richness was calculated as follows: d = (S1)/ Log N, where S is a total number of species and N is the
total number of individuals for all species. According to
Magurran (1988) the d value is classified into three levels;
low degree of species richness (d< 3.5), a moderate degree
of species richness (3.5-5.0), and a high degree of species
richness (d>5.0).
Pielou evenness index, J’
The evenness index was examined as follows: J’ = H’/
Log (S), where H’ is diversity index and S is a total number
of species. The evenness index ranges between 0 and 1.
Values that tend towards 0 (lower) indicate that the total
abundance was not equally distributed, whereas values that
tend towards 1 (higher) indicate that the total abundance
was spread equally amongst the observed species (Clarke
and Warwich 2001). The data were presented in the tables
and figures and then analysis was presented descriptively.
RESULTS AND DISCUSSION
A total of 528 individual fishes belong to 11 species
were recorded during the survey (Figure 3). Of these, 8
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species were found in Lake Lauik Tawar and 6 species
were found in Lake Laulo. Ambassis miops was
predominant species in Lake Lauik Tawar, while Clarias
batrachus was predominant in Lake Laulo (Table 1). C.
batrachus is a commercial freshwater fish and it has
potency as a species target for aquaculture (Muchlisin
2013). Currently, the fishermen of Lake Laulo have
initiated culturing this species extensively where the
juveniles were caught from the lake and grow them in
aquaculture ponds.
The species richness ranged between 1.09 and 1.52
where Lake Lauik Tawar had higher species richness
compared to Lake Laulo. However, the higher diversity and
evenness indices were recorded in Lake Laulo (Table 2,
Figure 3). In general, the diversity indices of Lake Lauik
Tawar and Lake Laulo were categorized as a low degree of
diversity. The low degree of fish diversity was also
reported by other researchers on several lakes in Indonesia,
for example, Lake Laut Tawar, Aceh Tengah District, with
the diversity index 1.88 (Muchlisin and Siti-Azizah 2009),
Lake Aneuk Laot, Sabang City, with the diversity index
ranged between 0.24 and 1.53 (Defira and Nasir 2007), and
Lake Toba, North Sumatra, ranged between 1.12 and 1.37
(Siagian 2009). Although falling into the similar category,
the diversity index of fish in Lake Laulo and Lake Lauik
Tawar were lower compared to Lake Laut Tawar, Lake
Toba, and even Lake Aneuk Laot. The presence of alien
fish species was probably one cause of the decline in
biodiversity of fish in several lakes in Indonesia
(Wargasasmita 2005; Muchlisin 2011; Muchlisin 2012).
Two species of alien fishes were recorded in Lake
Lauik Tawar during the survey, namely, gourami
(Osphronemus gouramy) and tilapia (Oreochromis
niloticus). The tilapia also occurred in Lake Laulo.
However, in terms of invasiveness of alien fish species, the
condition of these two lakes of Simeulue Island was better
than Lake Laut Tawar, Aceh Tengah District, and Lake
Toba where the lakes have been invaded by 6 and 9 species
of alien fish species, respectively (Siagian 2009; Muchlisin
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2012 ). The worse condition in Lake Laut Tawar that depik
(Rasbora tawarensis) the dominant fish population in the
lake nowadays has been replaced by tilapia (O. niloticus).
Tilapia is one of the alien fish species that spread broadly
in Aceh waters including in the Lake Laulo and Lake Lauik
Tawar Simeulue Island as recorded in this study thus
threaten the existence of indigenous fish species (Muchlisin
2012).
With an interesting finding that there were one species
of small fish probably within the genus Rasbora
(Cyprinidae) recorded during the study, it had
approximately less than 11 mm length and matured (Figure
3.B). Allegedly this species is endemic in Lake Lauik
Tawar and possibly as one of the smaller fishes in
Indonesia. Currently, six endemic freshwaters fishes were
reported in the waters of Aceh Province, Indonesia, and
mostly from the genus of Rasbora (Muchlisin et al. 2010;
Lumbantobing 2010). Therefore, further intensive and
precise taxonomic identification is needed to clarify the
taxonomic status of this cryptic species. Presently, the
smallest fish was Paedocypris progenetica recorded from
Sumatra, Indonesia, with the maximum length of 7.9 mm.
This is an endemic species to Sumatra (Kottelat et al.
2006).
Table 2. The species richness, diversity and evenness indices of
fish in Lake Lauik Tawar and Lake Laulo, Simeulue Island, Aceh
Province, Indonesia
Parameters
Total species
Total individual
Margalef species richness (d)
Pielou's evenness index (J’)
Shannon-Winner diversity
index (H’)

Lake Lauik
Tawar
8
409
1.52
0.13
0.27

Lake
Laulo
6
119
1.09
0.29
0.51

Table 1. The list of fish species from Lake Lauik Tawar and Lake Laulo, Simeulue Island, Aceh Province, Indonesia caught during the
survey
Scientific name

Family

Local name

Lake Lauik Tawar

Lake Laulo

Ambasis miops Günther, 1872
Osphronemus gouramy Lacepède, 1801
Oreochromis niloticus Linnaeus, 1758
Caranx ignobilis Forsskål, 1775
Gerres filamentosus Cuvier, 1829
Bunaka gyrinoides Bleeker, 1853
Channa striata Bloch, 1793
Anabas testudineus Bloch, 1792
Megalops cyprinoides Broussonet, 1982
Clarias batrachus Linnaeus, 1758
Rasbora sp. (Criptic species)
Total

Ambassidae
Osphronemidae
Cichlidae
Carangidae
Gerreidae
Eleotridae
Channidae
Anabantidae
Megalopidae
Clariidae
Cyprinidae

Sariding
Gurami
Nila
Gabui
Kapas-kapas
Lontok
Gabus
Betok
Ikan bulan
Ikan limbat
Bilis

390
3
2
7
3
2
1
1
409

5
2
2
2
2
106
119
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Figure 3. The photograph of fish from Lake Lauik Tawar and Lake Laulo of Simeuleu, Aceh, Indonesia; A. Ambassis miops, B.
Rasbora sp. C. Osphronemus gouramy, D. Oreochromis niloticus, E. Caranx ignobilis, F. Channa striata, G. Gerres filamentosus, H.
Anabas testudineus, I. Bunaka gyrinoides, J. Megalops cyprinoides, K. Clarias batrachus.
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In conclusions, a total of 11 species of fishes were
recorded during the survey; of these 8 species were found
in Lake Lauik Tawar and 6 species were found in Lake
Laulo. Two species of alien fish i.e. O. niloticus and O.
gouramy were recorded in Lake Lauik Tawar and one
species in Lake Laulo. Ambassis miops and Clarias
batrachus were predominant species in Lake Lauik Tawar
and Lake Laulo, respectively. In general, the two lakes
were categorized as a low degree of fish diversity.
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Abstract. Bawole R, Rahayu M, Rembet UNWJ, Ananta AS, Runtuboi F, Sala R. 2017. Growth and mortality rate of the Napan-Yaur
Coral Trout, Plectropomus leopardus (Pisces: Serranidae), Cenderawasih Bay National Park, Indonesia. Biodiversitas 18: 758-764.
Coral trout, Plectropomus leopardus, is one of the important fishery resources in Cenderawasih Bay National Park, Papua, Indonesia.
The catch production of this species has declined since 2015. This study aims to assess growth, mortality, and exploitation rate
parameters of P. leopardus taken from Napan Yaur water, Cenderawasih Bay National Park (CBNP), Indonesia. The data were collected
during periods of February to March 2016. Growth and mortality parameters were analyzed using von Bertalanffy method. Some fish
samples used in this study was 123 individuals, with the average length of 32.34 ± 5.13 cm, the maximum length of 48.00 cm and
minimum length of 24.5 cm. The von Bertalanffy analysis showed that the growth coefficient (K) was 0.34 year-1, L∞ was 47.78 cm and
t0 was-0.09 year-1. The estimation of total mortality (Z) was 1.61 year-1, natural mortality (M) was 0,75year-1 for fishing mortality (F)
was 0.86 year-1, and exploitation rate (E) was 0.53 year-1. The results indicated that most P. leopardus caught were at the pre-maturity
size (age) and have been exploited at slightly above its optimum exploitation level. Nevertheless, P. leopardus is categorized as fast
growing and long-lived fish species. These findings are important to fisheries management and conservation authorities to fish
exploitation in the future.
Keywords: Growth, mortality, exploitation rate, grouper, Cenderawasih Bay

INTRODUCTION
Groupers are coral fish species and are distributed in
tropical and subtropical waters.The majority of the species
(110 species) can be found in Indo-Pacific waters (Randall
et al. 1997). Coral trout or leopard coral trout,
Plectropormus spp., spread in marine shallow tropical and
subtropical Indo-Pacific region (Randall and Hoese 1986).
Plectropomus leopardus is the most abundant species in
inshore reefs and coral islands (Randall and Hoese 1986).
At present, this species is one of the main commercial
catches, which are mainly taken from mid shelf and outershelf reefs. It is one of the most popular targets of
commercial fishermen in Cenderawasih Bay National Park
(CBNP) (Bawole et al. 2014; Bawole et al. 2016).
Ecologically, Coral trout is at the top of the food chain
and plays a major role in community structure of corals
(Randall 1987) and relatively abundant in coral reefs in the
CBNP (Bawole et al. 2016). Since the groupers are
favoured for consumption or sale commercially, they are
commonly targeted by fishermen. Their aggressive nature
and relatively large body size make them more vulnerable
to fishing gears (Munro and Williams 1985). Moreover,
their biological reproduction and demography aspects may
predispose them to overexploitation (Sadovy 1996).
Coral trout are caught especially for live reef fish for

consumption (LRFC). Commercial coral trout fisheries
have spread throughout the world, Since the 1990s, the
fisheries have spread from Southeast Asia to the IndoPacific (Sadovy et al. 2003). This has led to the increased
trading capacity of the catch from 30,000 tons in the 1980s
to 140,000 tons in 2000 (FAO 2010). Consequently, the
increase in the LRFC led to a reduction of target fish of
various species of groupers and Napoleon wrasse (Sadovy
and Domeier 2005; Sodovy 2005), and a damage to the
habitat of fish spawning aggregations (FSA) (Wilson et al.
2010). In order to protect this species, in 2015, the
International Union for the Conservation of Nature and
Natural Resources (IUCN) noted P. leopardus as Red List
of Threatened species along with several other groupers P.
maculatus and P. oligocanthus.
Coral trout comprises 40% of the total catch of CBNP
commercial line fishing fleet (Bawole et al. 2016).
However, there has been very limited information about
population dynamics, such as age, growth, and mortality of
this species in the CBNP. The only available information in
the GNBP is about the length-weight relationship of P.
leopardus (Suruan et al. 2015). In the Great Barrier Reef,
Goeden (1978) estimated the growth rate of this species at
Heron Island by length-frequency data. Assessment of
population dynamic characteristics, such as growth and
mortality, is important for the purpose of fishery resource
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evaluation. Given the declining status of the population of
this species and the problems associated with the use of
size frequency data, basic investigations on fish length, and
weight are needed in order to improve the robustness of
stock assessment for this species. Therefore, the aim of this
study is to develop demographic parameters including fish
growth rates and natural mortality rates, longevities, and
parameters of the von Bertalanffy growth function based on
fish length data. This information will be valuable when
attempting to understand the harvesting process of groupers
and when developing conservation strategies for enhancing
the recovery of threatened populations.
MATERIALS AND METHODS
Site and sample collection
This study was carried out in Napan Yaur waters
(Figure 1) at Cenderawasih Bay National Park (CBNP)
Indonesia, from April to May 2016. It is located in the
territorial waters of the Teluk Umar District, Nabire
District, Papua Province, Indonesia. Coastal ecosystems of
Napan Yaur are potential for aquatic and fisheries
resources. The coral reef ecosystems cover almost the
entire area with the good coral condition, especially in the
western, northern and eastern parts of this region. This
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region is also known as the core zone of CBNP. It provides
habitats for marine biotas such as fish and mollusks.
Coral trouts were caught using handlines with baited
hooks set in approximately 30 m to 70 m depth. Total
length (LT) and fork length (LF) were measured using a
board and recorded to the nearest centimeter (cm). Sex of
the fish could not be determined due to as all samples taken
had been gutted and cleaned. Weight (W) of 135 coral
trouts was recorded to the accuracy of 0.1 gram.
Length-weight relationships
Parameters of the length-weight relationship were obtained
by fitting the power function W = aLb to length and weight
data. W denotes individual fish weight, a and b are
constants, L is fish body length. If b value is close to 3.0,
indicating isometric growth for the species.

⎛ SD y
t = ⎜⎜
⎝ SDx

⎞⎛ b − 3
⎟⎟⎜
⎜
2
⎠⎝ 1 − r

(

⎞
⎟ n−2
⎟
⎠

)

Growth model
The growth model was fitted to von Bertalanffy growth
function (VBGF) using the FISAT II software (Gayanilo et
al. 2005) to estimate the size-at-age using non-linear least
squares estimation procedures. The VBGF is defined as:

Figure 1. Map of study area in the Napan Yaur waters, from Cenderawasih Bay National Park, Papua, Indonesia
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RESULTS AND DISCUSSION
L(t) = L∞ (1‐e‐k(t‐to))
Where: Lt is the fish length at age t; L∞ is asymptotic
length; K is growth coefficient; t denotes the age of fish
and to is hypothetical age at which a fish would have zero
length. In this research, the values of L∞ and K were
estimated using ELEFAN I method in FiSAT II package
and to was calculated using the Pauly’sequation(1982) as
follows:
Log (‐to) =‐0.3922‐0.2752 Log L∞‐1.038 Log K

Length-weight relationship
The individual number of P. leopardus used for the
analysis of length-weight relationship was 123, with an
average length of 32.34 ± 5.13, the maximum length of 48
cm, and minimum length of 24.5 cm. Most fish caught
were small-sized (Figure 2). There was a positive
relationship between the length and weight (Figure 3),
which followed the equation W = 1.44, L = 1.48 with R² =
0.91. It indicated a strong correlation between fish length
and weight.

Where Z = total mortality, L∞ = asymptotic length, K =
growth coefficient, L = mean length of the fish (cm), Lc =
length of fish caught (cm). Natural mortality of fish may be
caused by predation, disease, age and environmental
factors (Prasetya 2011). Pauly (1982) states that
empirically there is a positive relationship between natural
mortality and sea water temperature. The increase in water
temperature will lead to an increase in natural mortality of
fish. Therefore, Pauly (1982) suggests the following
formula for natural mortality estimation.
Log M =‐0.0066‐0.279 log (L∞) + 0.6543 log (K) +
0.4634 log (T)
Where, M = natural mortality, L∞ = asymptotic length,
K = growth coefficient, T = Mean water surface
temperature (°C). Mean value of 31oC was used for water
surface temperature in CBNP (Bawole 2012). Pauly (1982)
states that the total mortality rate (Z) is the sum of M and F,
then F can be estimated when Z and M are known.
The rate of exploitation (E) is the ratio of fishing
mortality (F) and total mortality (Z) (Pauly 1982). Gulland
(1971) states that the optimal exploitation of fish stocks
occurs when F equals M, and written as: F optimum = M.
Thus, the optimal E is 0.5 and fish stock is categorized as
overexploitation when the rate of exploitation is greater
than 0.5.

46.2-48.0

43.1-46.1

40.0-43.0

36.9-39.9

33.8-36.8

30.7-33.7

27.6-30.6

Natural mortality
Fish mortality consists of natural mortality (M) and
fishing mortality (F). The total mortality rate is given the
symbol of Z (Sparre & Venema 1998). Z was determined
using Beaverton-Holt method based on the length
frequency distribution data. The functional relationship
between Z and L is as follows:

24.5-27.5

The estimated ages for a variety of fish lengths were
obtained using formula derived fromVBGF (Sparre &
Venema 1998) as follows:

Length (cm)

Figure 2. Body length distribution of coral trout (Plectropomus
leopardus) from Cenderawasih Bay National Park, Papua, Indonesia
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Figure 3. Length-weight relationship of coral trout (Plectropomus
leopardus) from Cenderawasih Bay National Park, Papua,
Indonesia

Growth of P. leopardus
Fitting fish length data to VBGF obtained the estimated
growth parameters as shown in Table 1. The value of the
instantaneous growth coefficient (K) was 0.81 year-1, L∞ =
47.78 cm and t0 =-0.01 year-1. Based on growth parameters,
the growth of P. leopardus formed a curve as shown in
Figure 4. It was estimated that the species reached
maximum length at age about five years.
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Figure 4. Growth curve of coral trout (Plectropomus leopardus) from Cenderawasih Bay National Park, Papua, Indonesia

Table 1. Growth parameters of Plectropomus leopardus from
Cenderawasih Bay National Park, Papua, Indonesia
Parameter

Value

L∞ (cm)
K (year-1)
t0(year)

47.78
0.81
-0.01

Table 2. Mortality and exploitation rate of Plectropomus leopardus
from Cenderawasih Bay National Park, Papua, Indonesia
Parameter
Rate of total mortality (Z)
Rate of natural mortality (M)
Rate of fishing mortality (F)
Rate of fish exploitation (E)

Value (year-1)
1.61
0.75
0.86
0.53

Mortality rate
Total mortality rate (Z) of P. leopardus estimated using
Beaverton-Holt method was 1.61. The value of the natural
mortality rate (M) was obtained using Pauly’s equation by
applying estimated K = 0.81, L∞ = 47.75 cm, and the
average water temperature at CBNP (Bawole 2012) of 31
°C. Then, natural mortality was estimated about 0.75 and
fishing mortality (F) was about 0.86. Lastly, using the
estimated mortality values, it was calculated that the rate of
exploitation (E) of P. leopardus taken from Napan Yaur
water was 0.53 (Table 2).

Discussion
Because of the interests of groupers in tropical fisheries
worldwide (Ralston 1987), some researchers pay attention
to the growth of fish (family Serranidae), especially on
Epinephelinae subfamily members. Several studies have
estimated the demographic parameters (e.g., Grandcourt et
al. 2005; 2008), such as age structure, growth rate, the
approximate length and age, and characteristics of the
population of various species of grouper (Manooch 1987;
Munro and Williams 1985). In general, the value of the
constant b of length-weight regression equation depends on
several factors, such as physiological condition, and
environment, such as temperature, pH, salinity, geography
and sampling techniques (Jenning et al. 2001). The growth
of fish is relative, which means that it can change with
time. If there is a change in the environment and food
availability, the estimated length, and weight values will
also change. Moreover, fish growth is also affected by
several factors, such as heredity, sex, age, temperature and
food availability. The size of P. leopardus caught in Napan
Yaur water was 32.34 ± 5.13 cm, which is almost the same
as the results of a study undertaken in the Gulf Lasongko
(Buton) Indonesia (Prasetya 2010). Prasetya (2010) found
the length of the fish of 39.34 ± 5.03 cm, with the size class
interval range from 37.1-42.0 cm. Also, Landu (2013)
reported that size P. leopardus was 41.30 ± 10.8, with the
size of the dominant fish caught around 31-35 cm for
females and 61-65 cm for males, respectively.
In formulating grouper fishery management strategies,
the length of the fish can be used in determining
management recommendations for P.leopardus. Length at
first mature gonad of P. leopardus is 21 cm and 21-60 cm
for active spawn (FishBase 2014). Based on these
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guidelines, P. leopardus in CBNP is categorized as
productive and active spawner. Prasetya (2010) found that
the minimum size of P. leopardus was 13 cm in the waters
of the Gulf of Lasongko Buton in Southeast Sulawesi.
Grandcourt et al. (2005) found a minimum size of 28.9 cm
in the waters of South Gulf Arab, Landu (2013) reported
that the minimum size of P. leopardus caught was 21 cm.
In the present study, the minimum size of P. leopardus was
18 cm. The results of these studies show that fish are
caught at their pre-spawning or pre-maturity ages. A study
by Elevati and Aditya (2001) revealed that at a size about
42 cm, P. leopardus tends to change sex from female to be
male. The size of the first maturity for a female is about
43.5 cm (Grandcourt 2005). This means that the fishery
mostly catches the pre-mature size (illegal size). This will
result in a lower proportion of males in the population and
adversely will affect the reproductive activity. Also, the
decline in some males in a spawning location will lead to
limitation of sperms in the reproductive process (Landu
2013).
Parameters derived from length-weight relationships
have utilized fishery-independent estimation methods (eg.,
Jennings et al. 1995). Reviews of these methods improve
assessments of reef fishery resources and reporting lengthweight relationships is important for species when there is
no published estimate of parameters available, such as in
CBNP. The parameters provided here might be useful for
length estimation and monitoring studies of the fish in the
future. The rapid growth of the fish in CBNP might be due
to suitable water environment (food availability and
optimum environmental condition) to support the fish life.
Asymptotic length (L∞ = 47.78 cm) found in this
study is lower than that found by other researchers
elsewhere. However, the growth coefficient (K = 0.81 year1
) in this study is greater than that in other studies. Hemsta
and Randaal (1993) states that P. leopardus can reach 120
cm. Furthermore, Grandcourt et al. (2005) found the value
K of Epinephelus fuscoguttatus at Aldabra Atoll,
Seychelles, at 0.20 year-1 and L∞ about 71.3 cm. Tharwat
(2005) reported that K for E. coioides in the Arabian Gulf
was 0.15 year-1and L∞ was 102.7 cm, while Grandcourt et
al. (2008) found K of 0.14/year and L∞ of 97.9 cm for E.
coioides in the southern part of the Arabian Gulf. Mamauag
et al. (2000) found the value of K for P. leopardus in the
Philippines at 0.18 year-1 and L∞ about 95.4 cm. Thus it
can be said that P. leopardus in CBNP has the potential of
high growth compared to the same species elsewhere
(Table 3). Landu (2013) also reported K of 0.75 year-1 with
L∞ of 92.4 cm in Kolaka, Southeast Sulawesi, Indonesia.
Similarly, Prasetya (2010) found K of 0.21 year-1 for P.
leopardus with L∞ of 75.70 cm in the Gulf of Lasongko,
Indonesia.
Plectropomus leopardus has relatively high growth
which indicates favorable water condition for fish growth
(Hernandez and Seijo 2003), as found in the CBNP region.
Growth is influenced by several internal and external
factors. Internal factors are difficult to control, such as
heredity, gender, age, the number of fish, type of food,
parasites, and diseases. External factors that might affect
the fish growth are temperature and food. Genetics is

another factor that can instantly determine the individual
growth. Vrijenhoek (1998) stated that genetic factors were
formed in the species.
Natural mortality (M) found in this study was 0.75 year1
. It was relatively high compared to other studies (Table
4). However, the rate of natural mortality was smaller than
that from fishing activities (F). This means that the cause of
the fish dead is predominantly due to fishing activities.
Fishing mortality in CBNP has increased significantly
since 2010 (Bawole 2012). Burton (2002) suggested that
high levels of fishing activity may destabilize the fish
stock. Low natural mortality and high fishing mortality
may show symptoms of growth overfishing of P.
leopardus, which means more young fish are caught than
those of older fish. The rate of exploitation (E) for P.
leopardus taken from CBNP was 0.53 year-1. Gulland
(1983) stated that the optimum rate of exploitation of a
resource was 0.5. Therefore, the exploitation level for this
species in CBNP has marginally exceeded its optimum
exploitation rate. Other studies in some places in the world
also reported overexploitation of groupers. For example,
Tharwat (2005) reported that exploitation rate of
Epinephelus coioides in the Arabian Gulf was 0.56 year-1,
Grandcourt et al. (2008) obtained exploitation rate of 0.80
year-1 for E. coioides in the southern part of the Arabian
Gulf, Mamauag et al. (2000) found the exploitattion rate of
0.78 year-1 for P. leopardus in Oron, and 0.89 year-1 for P.
leopardus in Guiuan Philippines.
Reducing exploitation rate can be done through output
control management, such as determination of total
allowable catch (TAC), as well as input control
management, such as restrictions on the number of fishing
fleets targeting groupers to maintain the sustainability of
the fish stock. For grouper fisheries in CBNP, the
regulation to control fishing activities should get serious
attention from various stakeholders of CBNP.
For
example, efforts should be more intensive to control the
size of P. leopardus captured and the number of fishing
fleets allowed to catch fish in the region. Also, protection
on the location of fish spawning aggregation should be
done. Sadovy (2005) stated that the location and time for
spawning aggregation of groupers were fixed for the long
term and the aggregation involved tens of thousands of fish
individuals. These make the aggregation vulnerable to
fishing activities. Uncontrolled fish exploitation can lead to
structural changes in the fish stock, and the fishermen tend
to catch large-sized fish. Reduction in the number of fish
because of fishing could lead to a reduction of fish
biomass. Continuous fishing on the large-sized fish or fish
that are spawning could reduce genetic characteristics and
change in fish behavior. Hurtado et al. (2005) stated that
the fish population suffering from high exploitation would
tend to change its size composition and be dominated by
smaller fish. This could result in a reduction of the
reproduction quality; large fish is more productive than
small fish. Furthermore, Vrijenhoek (1998) suggested that
reduction in genetic diversity could also affect the
production potential and subsequently reduce the resilience
of the population towards environmental change.
Nevertheless, the results suggest that groupers, in general,
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Table 3. Growth parameter of groupers from various locations
Location

Species

CampecheMexico
Southern Arabian Gulf
West coast of Florida
Lasongko, Indonesia
Kolaka, Buton. Indonesia
Cenderawasih Bay National Park, Indonesia

Epinephelus morio
Epinephelus coioides
Epinephelus morio
Plectropomus leopardus
Plectropomus leopardus
Plectropomus leopardus

Parameter of Growth
K (year-1) L∞(cm)
t0
0.21
82.7
-0.07
0.14
97.9
-1.50
0.23
80.00
-1.12
0.21
75.70
-0.24
0.75
92.40
-0.15
0.81
47.78
-0.01

Reference
Hurtado et al. 2005
Grandcourt et al. 2005
Carlson et al. 2008
Prasetya 2010
Landu 2013
Current research

Table 4. Mortality and exploitation parameter of groupers
Location

Species

Campeche, Mexico
Aldabra Atoll, Seychelles

Epinephelus morio
Epinephelus polyphekadion
Variola louti
Epinephelus morio
Plectropomus leopardus
Plectropomus leopardus
Plectropomus leopardus

West coast of Florida, USA
Lasongko, Indonesia
Kolaka, Buton, Indonesia
Cenderawasih Bay National
Park, Indonesia

Parameter of mortality and exploitation
Z
M
F
E
(year-1)
(year-1)
(year-1) (year-1)
0.15
0.13
0.28
0.15
1.01
0.49
0.52
0.52
1.90
0.60
1.30
0.70
1.60
0.75
0.86
0.52

are long-lived slow-growing species that have low rates of
natural mortality. The findings are important to fisheries
management and conservation authorities as they support
the contention that these species have a low resilience to
exploitation and their populations may be particularly
vulnerable to overfishing.
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Abstract. Winarni B, Lahjie AM, Simarangkir B.D.A.S, Yusuf S, Ruslim Y.2017. Tengkawang cultivation model in community forest using
agroforestry systems in West Kalimantan, Indonesia. Biodiversitas 18: 765-772. Tengkawang is the flora mascot of West Kalimantan
and has long been supporting the life of people around the forest. Its fruit can be processed into fat which traded as ‘green butter',
‘borneo tallow', or ‘tengkawang oil', which used as cocoa butter substitutes and the material for manufacturing lipstick, candle and
drugs. Its wood was used as raw material for sawmill and plywood industries. Today, tengkawang tree existence is endangered and has
been replaced with rubber plantations. The purposes of this research were to: (i) analyze the maximum growth increment of
tengkawang; (ii) analyze the maximum production of tengkawang fruits and latex; (iii) analyze the financial feasibility of tengkawang
cultivation and tengkawang combined with rubber; and (iv)formulate tengkawang cultivation model. The research used a descriptive
method in survey form and interview technique by using questionnaire. The research result showed that the maximum growth increment
of tengkawang which cultivated in monoculture (model 1) and tengkawang combined with rubber (model 2) were achieved at the age of
40 years. The maximum production of tengkawang fruit in model 1 and model 2 were achieved at the age of 64 years, while the
maximum production of latex (model 2) was achieved at the age of 17 years. The cultivation of tengkawang by model 1 produced IRR
of 12.3% and model 2 produced IRR of 12.9%. Financially, both cultivation models of tengkawang were feasible to be cultivated.
Financially, tengkawang cultivation by using rubber in an agroforestry system was more profitable than tengkawang cultivation in
monoculture.
Keywords: Financial analysis, increment, production analysis, tengkawang

INTRODUCTION
Tengkawang (Shorea spp.) is a name of tree species
from genus Shorea that is long known in Indonesia. This
tree belongs to a Dipterocarpaceae family (Kettle 2010).
The natural distribution area for tengkawang includes
India, Thailand, Malaysia, Indonesia, Sarawak, Sabah, and
The Philippines (Kettle 2010; Saner et al. 2012; Widiyatno
et al. 2014). In Indonesia, the tengkawang tree can be
found in Kalimantan and Sumatera islands (Purwaningsih
2004; Kettle 2010). The largest tengkawang-producer
region is located in the Province of West Kalimantan,
specifically in Sanggau, Kapuas Hulu, Sintang, Pontianak,
Sambas, and Ketapang Regencies. The tree has been
familiar among people of the Dayak tribe owing to a long
history of its traditional utilization and its field rotation
plantation (gilir balik) system (Crevello 2004; Mulyoutami
et al. 2009).
Tengkawang tungkul is a Dipterocarps tree whose seeds
can serve as a source of plant-based fat. The seeds of
tengkawang tungkul contain the highest fat content
compared with those of other Merantispecies (Shorea spp.).
Tengkawang tungkul fruit contains 40-60% edible fat
(Jahurul et al. 2013). Furthermore, tengkawang tungkul is
preferable by people in West Kalimantan because it

produces bigger fruits. The harvested tengkawang fruits are
processed in tengkawang fat factories in Pontianak to be
exported to Japan and Europe as substitutes for chocolate
butter in the chocolate industry (Purwaningsih 2004).
The presence of tengkawang trees in the natural forest
becomes very less. According to Prasetyo et al. (2015), one
of the underlying causes of this phenomenon has been the
ever-increasing illegal logging and the exploitation done by
permit holders of Timber Products Utilization Permits in
Natural Forests (Izin Usaha Pemanfaatan Hasil Hutan
Kayu dalam Hutan Alam, IUPHHK-HA). Recently, many
of tengkawang trees have been cut down because of the
low price of the fruit and the increasing demand for the
timber as the hardwood tree becomes increasingly depleted
in Kalimantan Island. Data from IUCN (2013) indicated
that tengkawang tungkul is facing a high risk of extinction
in nature (endangered).
Latest data from Statistics Indonesia showed that
commercial transaction of tengkawang fat reached
1,072,104 kg in 1998 with a total export of US$ 3,997,560.
Japan was the largest market for tengkawang fat (US$
2,073,223), followed subsequently by Italy (US$ 663,925),
Netherland (US$ 296,460), and Singapore (US$49,952)
(Zulnely et al. 2012).

766

B I O D I V E R S I T A S 18 (2): 765-772, April 2017

In addition to cultivating tengkawang, almost all Sanjan
people in the research location cultivate rubber plant. In
2010, through a community forestry development program,
almost all people of Sanjan in the research location have
planted about 20,000 timber and latex-producing trees on
the land area of 90 ha outside of the customary forest. From
that total planted trees mentioned above, as much as 40%
were rubber trees.In 2011, the local planted additional
50,000 endemic woody tree seeds in a land area of 125 ha,
in which 20,000 of those trees were rubber tree seeds
(Rufinus 2012). According to Statistics Indonesia (2016),
in 2011, the smallholder rubber plantation area in West
Kalimantan was 583,287 ha with a total production of
248,013 tons. In 2015, the area increased to 592,844 ha
with a total production of 257,896 tons.
To stimulate people’s interest to conserve trees,
quantitative data on tengkawang cultivation in a
community forest using agroforestry system is needed.
Agroforestry is one of the suggested methods used for
conserving biodiversity, producing food crops, and
providing other ecosystem services such as, climate change
and carbon deposition, owing to its land utilization system
that consists of a mixture of hard plants with or without
annual plants (Beenhouwer et al. 2016; Wiryono et al.
2016).
This study aimed to: (i) analyze the maximum growth
increment of the tengkawang tree; (ii) analyze the
maximum production of tengkawang fruit and rubber latex;
(iii) analyze the financial feasibility of tengkawang

cultivation and tengkawang-rubber tree combined
plantation; (iv) formulate the model for tengkawang
cultivation.
MATERIALS AND METHODS
Location and object of research
Sanggau District is a region in the province of West
Kalimantan well known for its tengkawang fruit
production. This study was conducted from January to
November 2016 in Dusun Sanjan, Sungai Mawang Village,
Sanggau District, Province of West Kalimantan, Indonesia
(Figure 1). The research location was selected deliberately
(purposive sampling), within which tengkawang tungkul
trees were present and utilized by the locals. The potential
of the tengkawang tree in the research location was still
well-maintained because the locals upheld a local wisdom
in managing the utilization of tengkawang trees.
The research object in this study included: (i) local
community who cultivates tengkawang and rubber tree (as
respondents); (ii) tengkawang tree that bear fruit and rubber
tree that already been harvested; (iii) institution or agencies
that provided information for this research, including,
traditional leaders, the head of village and the head of
district, as well as Department of Forestry and Plantation
Sanggau District, West Kalimantan.

Sungai Mawang
Village

Figure 1. Research location in Dusun Sanjan, Sungai Mawang Village, Kapuas Sub-district, Sanggau District, West Kalimantan
Province, Indonesia
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Data collection
Data collection was done as follows (Linger 2014): (i)
direct observation of the biophysics condition in the field
regarding the operation of tengkawang and rubber tree
cultivation, which included the type of activity, production
cost, and revenue; (ii) literature review, which included
data collection through studying the literatures and reports
obtained from the agencies that were related to tengkawang
and rubber tree cultivation in Sanggau District, Province of
West Kalimantan, Indonesia; and (iii) in-depth interview
and focus group discussion (FGD) and visitation to
tengkawang oil factory in Pontianak to understand the
prospect of tengkawang seeds processing as the raw
material for tengkawang fat.
The collected primary data included production cost
and revenue in tengkawang and rubber trees cultivation,
and their marketing. The data sources from the field
included local public figures, such as the traditional
leaders, the head of the village, and the executive of related
agencies, meanwhile, other informants were the locals who
were, intentionally and unintentionally, met in the field
(case informants). Primary data collection was conducted
by a survey, observation, or structured interview using
questionnaire, discussion, and direct interview with local
tengkawang and rubber farmers. The in-depth interview
was also carried out on regional government officers to dig
up about the programs of the regional government related
to tengkawang and rubber tree cultivation. The secondary
data included the general condition of tengkawang and
rubber tree management collected through literature review
or reports from related agencies, including Department of
Forestry and Plantation, Department of Industry and
Commerce, and Statistics Indonesia.
Data analysis
Data analysis was including production analysis and
financial analysis. There were two models analyzed in
community forestry for tengkawang cultivation, (i) a
monoculture cultivation of tengkawang, henceforth called
model 1; and (ii) tengkawang in combination with rubber
tree cultivation using an agroforestry technique, henceforth
called model 2.
Maximum timber production was calculated by
analyzing the growth increment of the tengkawang tree in a
particular measurement time span (cycle), which included
mean annual increment (MAI) and current annual
increment (CAI). The increment is defined as an increase in
the dimensional growth (height, diameter, base plane,
volume) or an increase in the standing stock of a tree, in
relation to the tree age or a particular period (Van
Gardingen et al. 2003).

In which: V = standing volume, d = diameter at breast
height, h = branch-free height, f = form factor
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In which: MAI = mean annual increment, Vt= total
standing volume at age t, t = tree age

In which: CAI = current annual increment, Vt = total
standing volume at age t, Vt-1 = total stand volume at age t1, T = time interval between each measurement age.
Analysis of maximum production of tengkawang fruit
and rubber tree latex production for a particular
measurement period (cycle) was done by calculating the
average product (AP) and marginal product (MP) (Van
Gardingen et al. 2003).

In which: AP = average product, Pt = total production at
age t, t = tree age

In which: MP = marginal product, Pt = total production
at age t, Pt-1 = total production at age t-1, T = time interval
between each measurement age.
The criterion used in evaluating the business feasibility
was the internal rate of return (IRR). IRR is a mean annual
return derived from an investment and expressed in
percentage (Graves et al. 2007). IRR value indicates an
interest rate that can be paid by a business, or in other
words, the ability to gain income from the cost invested.

In which: NPV1 = positive NPV, NPV2 = negative
NPV, i1 = interest rate when NPV is positive, i2 = interest
rate when NPV is negative.
RESULTS AND DISCUSSION
Research location profile
Dusun Sanjan is administratively located in Sungai
Mawang Village, Kapuas Subdistrict, Sanggau District,
West Kalimantan Province. The geographical location of
Sanggau District was 1°10' N-0°30' S and 109°49'-111°03’
E. From Sanggau City, Dusun Sanjan can be reached in 20
minutes by motor vehicles. The total area of Dusun Sanjan
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is about 5,260 ha which consists of the settlement area,
forest estate, and people’s farm and orchard. The
population of Dusun Sanjan was 416 people or 121
families. The majority of the population in Dusun Sanjan
was Dayak Kodatn people and the main livelihood of the
people came from dryland farming and rubber tapping.
Dusun Sanjan borders Dusun Ngkalet to the North,
Dusun Sei Mawang and Dusun Rantau Prapat to the South,
Dusun Nyandang to the East and Dusun Senunuk to the
West. Topographically, Dusun Sanjan was dominated by
hills and in it, there are a couple of rivers: Solang, Fang,
Sabal, Sanjan, and Awik Rivers. Communally-held forest
in Dusun Sanjan only consists of one tengkawang tree
species, i.e. tengkawang tungkul.
Maximum production potential of tengkawang wood
Community forestry model using monoculture
tengkawang tree plantation (model 1) was done using a
plant spacing of 5 m x 4 m. The tree numbers decreased
because of natural death. The growth increment potential of
the model 1 (Table 1) and model 2 (Table 2) tengkawang
showed that the mean annual increment (MAI) began to
decrease at the age of 40 years.Based on Table 1 and Table
2, the graph of tengkawang tree standing volume increment
was shown which was a relationship between the mean annual
increment (MAI) and current annual increment (CAI),
which can be seen in Figure 1 and 2. The graph exhibits
certain characteristics, as follows: CAI curve rapidly
reached the peak and from there decline immediately,
whereas MAI curve both climbed and declined slowly
(Dinga 2014; Muliadi 2017). Timber cutting rotation
followed the biological cycle of the tree stand, in which the
stand will be harvested when MAI is equal to CAI, i.e. the
intersection point of MAI and CAI curves.
From the graph of the tengkawang tree standing volume
increment in Figure 1 and 2, it was revealed that in the
beginning, MAI was lower than CAI, and that CAI reached
the peak preceding MAI. After reaching the peak, CAI
decline and at a particular point intersected with MAI. The
intersection point of the MAI and CAI occurred at the age
of 40 years. After the intersection point, both MAI and CAI
declined, indicating a decreasing trend in the volume
increment. At the age of 40 years, the mean annual
standing volume increment of the tengkawang tree has
reached the maximum, indicating that the timber maximum
production potential has been attained and the tree was
ready to be cut down.
In model 2, tengkawang cultivation was combined with
rubber tree using an agroforestry system. Both tree species
were planted in a community forest estate. The plant
spacing for tengkawang trees was 5 m x 4 m, while rubber
trees were planted in between that tengkawang, making the
plant spacing in model 2 narrower. According to Pompelli
et al. (2010), there was a correlation between the tree
density, the light intensity, the photosynthesis and the tree
growth. The standing volume increment depended on the
tree density constituting the standing (Muliadi et al. 2017).
This correlation can be seen at the harvest age of 40 years,
the MAI of model 1 (9.52 m3.ha-1.year-1) was bigger than
the MAI of model 2 (5.59 m3.ha-1.year-1).

Maximum production potential of tengkawang fruit
and rubber latex
Tengkawang bears fruit at the age of 8 years. The
production potentials of model 1 and model 2 were
presented in Table 3 and Table 4, respectively. Based on
those tables, the maximum annual production (AP) did not
increase at the age of 64 years. Tengkawang tree can still
bear fruit until the age of 96 years. The production of
tengkawang fruit was presented in Figure 3 and Figure 4.
The intersection point between AP and marginal
production (MP) indicates an AP maximum. In model 1
(Figure 3) and model 2 (Figure 4), tengkawang reached its
maximum fruit production at the age of 64 years, with
eachAP for model 1 and model 2 of 2.45 tons.ha-1.year-1
and of 1.30ton.ha-1.year-1, respectively. These data also
suggested that tree density affected fruit production.
Table 1. Growth increment potential of the model 1
Age
n
d
h
f
V
MAI
CAI
(year)
8
400
9.5
9
0.87
22.19
2.77
12
370 13.0
12
0.85
50.07
4.17
6.97
16
350 16.6
14
0.83
87.98
5.50
9.48
20
340 20.3
15
0.81 133.63
6.68
11.41
24
300 24.2
17
0.79 185.22
7.72
12.90
28
280 28.0
18
0.77 238.84
8.53
13.40
32
250 32.1 19.3 0.75 292.71
9.15
13.47
36
230 35.5
21
0.72 344.04
9.56
12.83
40
200 39.4
22
0.71 380.69
9.52
9.16
48
177 44.0
23
0.70 433.09
9.02
6.55
56
128 51.4 25.5 0.69 467.08
8.34
4.25
64
99
58.0 27.3 0.68 485.32
7.58
2.28
72
79
64.0
29
0.67 493.55
6.85
1.03
88
70
72.8
30
0.58 506.73
5.76
0.82
96
60
79.8
31
0.55 511.39
5.33
0.58
Note: n = number of trees (tree.ha-1), d = tree diameter (cm), h
=branch-free height (m), f = tree form factor, V= total volume
(m3.ha-1), MAI = mean annual increment (m3.ha-1.year-1), CAI=
current annual increment (m3.ha-1.year1)
Table 2. Growth increment potential of tengkawang combined
with rubber tree cultivation (model 2)
Age
n
d
h
f
V
MAI CAI
(year)
8
400
9
9
0.87
19.91
2.49
12
370
11
12
0.85
35.85
2.99
3.98
16
350
14
13
0.82
57.41
3.59
5.39
20
310
17
14.5 0.81
82.60
4.13
6.30
24
280
20
16
0.79 111.13
4.63 7.13
28
260
23
17
0.77 141.33
5.05 7.55
32
240
26
18
0.75 171.93
5.37 7.65
36
220 29.2
19
0.72 201.44
5.60
7.38
40
200 32.6
20
0.67 223.58
5.59
5.54
48
180 36.3
21
0.66 258.06
5.38
4.31
56
130
42
24.3 0.65 284.34
5.08 3.28
64
100 48.2
26
0.64 303.47
4.74
2.39
72
90 51.5
27
0.63 318.74
4.43
1.91
88
80
56
28
0.62 341.89
3.89
1.45
96
70
60
29
0.61 349.94
3.65
1.01
Note: n = number of trees (tree.ha-1), d = tree diameter (cm), h
=branch-free height (m), f = tree form factor, V= total volume
(m3.ha-1), MAI = mean annual increment (m3.ha-1.year-1), CAI=
current annual increment (m3.ha-1.year1)
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MP

‐1

AP

‐1

P

8
7.7
0.96
12
12.6
1.05
1.23
16
18.2
1.14
1.40
20
24.5
1.23
1.58
24
32.2
1.34
1.93
28
41.3
1.48
2.28
32
51.8
1.62
2.63
36
64.4
1.79
3.15
40
79.1
1.98
3.68
48
109.2
2.28
3.76
56
137.2
2.45
3.50
64
156.8
2.45
2.45
72
171.5
2.38
1.84
88
191.1
2.17
1.23
96
198.1
2.06
0.88
Note: P = total product (ton.ha-1), AP = average annual production
(ton.ha-1.year-1), MP= marginal annual production (ton.ha-1.year-1)

3

Age (year)

A rubber tree is ready to be tapped for its latex at the
age of 5 years and it continued to produce latex until the
age of 25 years. The production potential of the rubber
latex was shown in Table 5. From the AP and MP graphs
shown in Figure 5, it was known that the maximum latex
production was acquired at the age of 17 years, with an AP
of87.65 kg.ha-1.year-1.

Increment (m .ha .year )

Table 3.The production potential of tengkawang fruit in model 1
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Age (year)

Table 5. Latex production potential of rubber trees
Age

P

AP

MP

5
300
60.00
7
460
65.71
80.00
10
740
74.00
93.33
13
1090
83.85
116.67
15
1320
88.00
115.00
17
1490
87.65
85.00
20
1650
82.50
53.33
25
1750
70.00
20.00
Note: TP = total production (kg.ha-1), AP = average annual
production (kg ha-1.year-1), MP = marginal annual production
(kg.ha-1.year-1)

‐1
‐1

8
6
0.75
12
9.6
0.80
0.90
16
13.4
0.84
0.95
20
17.4
0.87
1.00
24
21.8
0.91
1.10
28
26.8
0.96
1.25
32
32.5
1.02
1.43
36
39
1.08
1.63
40
46
1.15
1.75
48
60
1.25
1.75
56
73
1.30
1.63
64
83
1.30
1.25
72
91
1.26
1.00
88
104
1.18
0.81
96
110
1.15
0.75
Note: P = total product (ton.ha-1), AP = average annual production
(ton.ha-1.year-1), MP= marginal annual production (ton.ha-1.year-1)

3

MP

Increment (m .ha .year )

AP

Age (year)

Figure 2. Standing volume increment of tengkawang tree of the
model 2

‐1

P

4

‐1

Age (year)

Figure 1. Standing volume increment of tengkawang tree of the
model 1

Production (ton.ha .year )

Table 4. The production potential of tengkawang fruit in model 2

3
2
1
0
Age (year)

Figure 3. Tengkawang fruit production in model 1
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‐1

‐1

Production (ton.ha .year )
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Age (year)

‐1

‐1

Production (kg.ha .year )

Figure 4. Tengkawang fruit production in model 2

Age (year)

Figure 5. Rubber latex production in model 2

Tengkawang and rubber plants interacted each other to
form a population of vegetation that resembles a forest
condition. Currently, the locals still prefer cultivating
rubber to tengkawang. This is because rubber latex can be
tapped anytime, whilst tengkawang fruit can only be
harvested once a year; the time for selling the collected
rubber latex can be scheduled, thereby the farmers can sell
it whenever the market price is high, whereas tengkawang
fruit does not last long and often time its price falls during
the harvest period; rubber tree can be tapped for as early as
5 years, while the harvesting of tengkawang fruit only
starts when the tree reaches 8 years.
Financial feasibility of tengkawang cultivation model
In performing the financial analysis, data analyses on
each activity step of tengkawang cultivation, cost
component analysis, revenue from tengkawang cultivation
business, and feasibility analysis using IRR parameter is

necessary. According to Florian (2014), the cost for the
forest cultivation was including the starting cost for
preparing the field up to the cost of harvesting. Activities
done in the tengkawang cultivation consisted of planning,
field preparation, supplying seeds, planting, stitching,
maintenance, and harvesting. Activities such as planning,
field preparation, supplying seeds, and planting were done
in the first year. Plant stitching was only conducted in the
second year. The maintenance of the growing plants was
done once every year, while the harvesting was started in
the eighth year for tengkawang, and the fifth year for
rubber tree.
The income source from tengkawang and rubber tree
cultivation came from the tengkawang fruits, the rubber
latex, tengkawang timber, and firewood. According to
Martins et al. (2014), trees played important roles for
people, as a source of firewood, wood for house
construction, and medicine. The cash flow data was
calculated from the cash outflows i.e. cost for tengkawang
cultivation and the cash inflows i.e. tengkawang timber,
firewood and fruits, and rubber latex sales which were all
according to the market prices when this study was
conducted. The local market prices of each commodity
were: tengkawang timber Rp. 1,000,000 per m3, firewood
Rp. 100,000 per m3, tengkawang fruits Rp. 2,750 per kg,
rubber latex Rp. 6,500 per kg.
The financial analysis of tengkawang cultivation in the
community forest used an internal rate of return (IRR)
criterion, which is a discount rate that gives the result to a
net present value (NPV) of zero. A feasible cultivation
business is indicated by the IRR value that is bigger than
the interest rate applied at the time when the investment
taking place (Graves et al. 2007). The interest rate at the
time of this study was 6% per year.
According to this calculation, the IRR at 96 years plant
cycles of model 1 and 2 were 12.3% and 12.9%,
respectively (Table 6). This result indicated that both of
cultivation models were feasible to be undertaken because
the profit was still far higher than the actual bank interest
rate (6%). From this result, it showed that the tengkawang
agroforestry (model 2) was a promising alternative to
conserve tengkawang tree and to sustain the economy of
the locals. The utilization of non-timber forest products
contributed significantly to the economy of people settling
around the forest (Jensen 2009; Rist et al. 2012; Dawson et
al. 2014). Wood product consumption will keep increasing.
Thus a method to reduce wood harvesting was necessary to
be developed for the biodiversity in the tropical forest to be
preserved (Ruslim et al. 2016). A well-conserved forest
will benefit the people, economically and ecologically
(Mönkkönen et al. 2014).

Table 6. Financial analysis recapitulation of tengkawang cultivation
Model

Commodity

Cycle (year)

1
Tengkawang
96
2
Tengkawang and rubber
96
Note: NPV = Net Present Value, IRR = Internal Rate of Return

NPV (Rp)
10%
18,188,000
28,790,000

15%
-20,242,000
-20,146,000

IRR (%)
12.3
12.9
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Tengkawang cultivation using agroforestry system was
adopted by the people West Kalimantan in the ex-areal of
settlement (kampung) and farm field (gupung). In reality,
the Dayak people were aware of the importance of
tengkawang for their life, hence, they have essentially
implemented a type of agroforestry practice by planting
tengkawang, either in their yard or the field (Ibrahim
2012). The traditional agroforestry system is a centuriesold agricultural practice and has become an important
agricultural model in the world, especially in the tropical
and sub-tropical area, which is, from the economic,
ecological, and socio-cultural viewpoints, profitable to the
community who runs it (Weiwei et al. 2014). Agroforestry
can be used as a strategy to prevent deforestation and land
degradation (Minang et al. 2014); and as a strategy to
reduce the CO2 level in the atmosphere by increasing the C
deposit in agricultural land (Hergoualch et al. 2012; Astiani
and Ripin 2016). Agroforestry is a form of local wisdom
coming from the local community to preserve biodiversity,
in particular, tengkawang tree (ITTO 2011). Local wisdom
is a value which is believed to be true by the locals and
becomes a reference for those people to act upon in their
daily life (Sumarniasih 2015; Muliadi et al. 2017). Local
wisdom plays a pivotal role in the civilization development
of society because it embodies elements such as
intelligence, creativity, and local knowledge which are
given by the society (Lokers et al. 2016).
The conclusions that can be derived from this study
were that the maximum annual growth increment of
tengkawang from model 1 and 2 was attained at the age of
40 years, namely as much as 9.52 m3.ha-1.year-1and 5.59
m3.ha-1.year-1.The maximum annual productions of
tengkawang fruit from model 1 and 2 were 2.45 ton.ha1
.year-1and 1.30 ton.ha-1.year-1, respectively, which were
achieved at the age of 64 years. Maximum production of
latex rubber from model 2 was reached at the age of 17
years, which was 87.65 kg.ha-1.year-1. Tengkawang
cultivation, either done by a monoculture system like the
model 1 (IRR 12.3%) or carried out in combination with
rubber tree like the model 2 (IRR 12.9%) were feasible to
be implemented. Tengkawang and rubber cultivation model
using agroforestry system were financially more profitable
than monoculture tengkawang cultivation.
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Abstract. Muslim T, Sari UK, Yassir I. 2017. The dominant species of herpetofauna in the coal mining area at East Kalimantan,
Indonesia. Biodiversitas 18: 773-779. Changing of habitat condition influences the variety of species including Herpetofauna.
Herpetofauna is one of the components in the ecosystem that plays an important role, both from the ecological and economical aspect.
From the ecological aspect, it has a specific role in the food chain, and it can also be used as a bio-indicator of the environment’s
condition. Furthermore, herpetofauna found in reclamation area of coal mining not only stabilizes the ecosystem in the food chain, but
also it can be used as a bioindicator of environment changes and the success rate of reclamation. The aim of this research was to find out
the community of herpetofauna comprising and dominating the coal mining reclamation area, especially the wet and dry areas. The
research location was located at PT. Singlurus Pratama Kalimantan Timur. The methods used in this research were visual encounter
survey and patch sampling. This research found 10 species from 5 families of reptiles and 11 species from 6 families of amphibians. The
highest dominant index score for reptile was 0.71, found in the fragmented forests. Meanwhile, the dominant reptile species were
Eutropis multifasciata (20 individuals), Enhydris enhydris (4 individuals), and Dendrelaphis pictus (4 individuals). The highest
dominant index score for amphibian was 1, found in the settling pond. Moreover, the dominant amphibian species were Polypedates
leucomystax (42 individuals) and Fejervarya cancrivora (41 individuals). These two species were the ones able to survive in the
degraded areas and they were easily found in the areas with disrupted habitats.
Keywords: Coal mining, dominant species, herpetofauna, microhabitat, wet area

INTRODUCTION
Herpetofauna is one of the components comprising the
ecosystem which plays an important role, both ecologically
and economically. Ecologically, it has a crucial position in
the food chain as a primary predator of insects or other
invertebrates (Iskandar 1998). Moreover, it can also be
used as a bioindicator of the environmental condition
(Stebbins and Cohen 1997) because it can be found in
almost all types of habitat, including several species which
exist only in a specific type of habitat; therefore it is good
to be used as an indicator of an environmental change
The change of vegetation which occurs consecutively in
a particular area influences the succession of animals
including herpetofauna. Concerning the wildlife
reclamation activities, herpetofauna, in this case, the ones
existing in the reclamation areas can be used as an indicator
of the success of the reclamation activities. The existence
of herpetofauna can be determined by the areas
surrounding the mining which remain as either natural or
fragmented forest. The bigger density of vegetation will
normally result in a particular microclimate condition
which provides a microhabitat for herpetofauna.
Habitats do not only concern the provision of the life
necessities for a particular organism but also where and
how the particular fauna can live (Goin and Goin
1971).Based on its habitat, herpetofauna lives in human

residential areas; trees; disrupted habitat, river and stream
areas as well as primary and secondary forests (Iskandar
1998). A lot of herpetofauna types use different habitats in
different periods of time. However, they need to go to the
wetlands to procreate. Furthermore, most amphibians are
found in the locations where water sources exist
(Rahayuningsih and Abdullah 2012).
Amphibians and reptiles are ectothermic and
poikilothermic, which means that they gain the energy by
using the thermal sources from their surroundings (Kusrini
et al. 2003). This characteristic requires amphibians to live
in a terrestrial and aquatic habitat, whereas reptiles occupy
both general and specific habitats. Moreover, reptiles can
live in the terrestrial, aquatic and even in the riverbanks
which do not belong to the aquatic ones (Iskandar 1996;
Mistar 2003). Nevertheless, some specific types are only
found in the open areas (Iskandar 1998; Boer et al. 2014).
The biodiversity of herpetofauna has decreased as the
vegetation has become more open and more homogenous
(Riyanto 2010). Thus, the mining activities influence the
diversity of herpetofauna. Santosa (1995) stated that
homogeneity could be used as an indicator of the existence
of dominant species in a community. The dominance level
of a species will be high if the homogeneity is low and vice
versa, when the homogeneity is high the dominance will be
low. Therefore, the objective of this research would be to
find out the formed herpetofauna species communities
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which dominate the coal mining reclamation areas,
especially in the dry and wetlands. The findings of this
research would be expected to add to the existing
information related to the development of concepts of
synergizing with the nature in doing the reclamation
activities in the post-coal mining areas.

MATERIALS AND METHODS
Study area
This research was conducted from August to December
2015. The research site was located in the area of coal
mining at Merdeka Block of PT Singlurus Pratama, Kutai

Kartanegara, East Kalimantan, Indonesia with the
following geographical coordinates 1⁰ 08’00’-0⁰ 53’ 00.1”
SLand 117⁰ 11’ 00”-116⁰ 52’ 00” EL. Most of the mining
areas were located inside the forests through the borrow-touse permit schemes.
Materials
The materials used in this research were: meters,
flagging tape, headlights, GPS, cameras, grab stick snake,
specimen bags, scales, thermo-hygrometer, caliper and the
field manual book to identify the species which included
such references as Das (2004), Inger and Stuebing (2005),
Iskandar (1998), and Mistar (2003).

Indonesia

BLOCK OF

Kutai Kartanegara

BLOCK OF

BLOCK OF
STUDY SITE

Figure 1. Location of research at mining area of PT Singlurus Pratama's Sungai Merdeka Block of Kutai Kartanegara, East Kalimantan,
Indonesia. Location in shaded black is the location of sampling plots of herpetofauna community (PT. Singlurus Pratama 2015)
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Table 1. Detail of data collection time of PT Singlurus Pratama, Sungai Merdeka Block of Kutai Kartanegara, East Kalimantan,
Indonesia
Date

A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
A R A R A R A R A R A R A R A R A R A R A R A R A R A R A R A R
2 3
2 3
3
4

10 Aug 2015
11 Aug 2015
12 Aug 2015
13 Aug 2015
14 Aug 2015
15 Aug 2015
13 4
16 Aug 2015
15
1
12 Nov 2015
13 Nov 2015
14 Nov 2015
33 5
1
15 Nov 2015
16 Nov 2015
2 2
17 Nov 2015 8 2
4
11 Dec 2015
12 Dec 2015
17 2
13 Dec 2015
7 1
14 Dec 2015
15 Dec 2015
25 5
16 Dec 2015
6
17 Dec 2015
1
18 Dec 2015
8 2 2 6 0 15 2 2 21 4 24 3 58 10 6 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 2 4
Note: * A. Settling Pond 1 and seedling; B. Fragmented forest; C. Housing and office; D. Outer forest; E. Settling Pond 13-15; F. KM 5;
G. KM 36; H. KM 7; I. Post Nepenthes; J. Revegetation area in 2010; K. Revegetation area in 2011; L. Revegetation area in 2012; M.
Revegetation area in 2012 (Plot research BPTKSDA); N. Revegetation area in 2013; O. Revegetation area in 2014; P. Pond beside of
worker accommodation

Procedures
The survey method employed was the active method by
direct searching which combined the Visual Encounter
Survey, Transect Sampling (Path) and Patch Sampling
(survey done at a particular microhabitat). The exploration
was done during the daytime, from 05.00-11.00 a.m.
Central Indonesian Time (GMT +8) and during the night
time from 17.00-22.00 p.m. Central Indonesian Time
(GMT+8). The surveyed areas covered the following: the
forest areas which had the borders with the mining areas
(outside the concession areas), the reclamations/ revegetation areas, settling pond, retention basin as well as
natural water spots. The exploration was mainly done at the
area/ spot rarely occupied by the ground vegetation
(shrubs) so that the herpetofauna could be easily seen in the
fields. These surveyed areas could be classified into two,
namely the wet areas (wetlands) and dry areas. The wet
areas included the areas in which the water sources were
within up to 10-meter proximity whereas the dry areas
were the areas in which the distance to the water sources
was more than 10 meters away. Specimens were collected
whenever possible. The suitable techniques of collecting of
the species are lighting; the frogs are temporarily blinded
when the flashlights shine in their eyes, making them easy
to catch, and catching by hand or tool; this technique is
suitable for snake and lizard by searching in microhabitat.
Collection data herpetofauna is done by three repetitions of
each area or track which can be seen in Table 1

Data analysis
The field data were collected in the forms of
herpetofauna animals and their habitat conditions.
Furthermore, the data were analyzed by using the
Dominance Index (Simpson) formula as follows:

The Dominance Index was used to find out the
concentration or the spread of dominant species. If the
dominance concentrates on a particular species, the value
of the Dominance Index will increase whereas if several
species dominate simultaneously, the Dominance Index
value will be low.

RESULTS AND DISCUSSION
Dominant species in mining area
The habitat of herpetofauna spread away in almost all
mining areas which covered the following: the revegetation
areas, the fragmented forest areas, the mining area border
forests, rivers and streams in the areas as well as the
settling ponds. The order of areas of acquaintances with the
herpetofauna under study was as follows: the mining area

776

B I O D I V E R S I T A S 18 (2): 773-779, April 2017

Dominance Index

border forests, settling pond areas, fragmented forest areas,
and re-vegetation areas.
The findings of the research revealed that there were 21
species of herpetofauna which comprised of 10 species of
reptiles and 11 species of amphibians. The dominant
reptiles were Eutropis multifasciata (many-lined sun skink)
20 individuals, followed by Gehyra mutilata (four-clawed
gecko) 12 individuals and Enhydris enhydris (rainbow
water snake) 4 individuals. Meanwhile, the dominant
amphibians were Polypedates leucomystax (four-lined tree
frog) 42 individuals, Fejervarya cancrivora (rice-field
frog) 41 individuals and Duttaphrynus melanostictus 28
individuals. The obtained data were further analyzed in
order to obtain the Dominance Index (Simpson), which can
be seen in Figure 2.
Based on the Simpson Dominance Index, the
herpetofauna of reptile species was mostly found in the
areas of fragmented forest, worker accommodation and
office areas, the pond next to the worker accommodation,
the KM 5 area, the KM 36 area and Settling Pond 1. The
Simpson Dominance Index for the reptile species indicated
the highest value, i.e., 0.71, at the fragmented forest
areas.Furthermore, the value showed that in the fragmented
forest areas the dominant species was E. multifasciata, as
many as six individuals. Meanwhile, the herpetofauna of
amphibian species was mostly found in the areas of
Settling Pond 1, Settling Ponds 13-15, Camp Nepenthes
areas, KM 36 and KM 7 areas. The highest Simpson
Dominance Index obtained for the amphibians was 1 in the
settling pond areas. The dominant species was F.
cancrivora as many as 20 individuals.
The Dominance Index to find out the concentration/
spread of the dominant species implied that if the
dominance were concentrated only on one species, the
index value would increase. On the other hand, if there
were some groups of species dominated simultaneously,
the dominance index value would be low. Dominance
indicated the main influential species which influenced
and controlled the community by its number, size and
dominant growth (Fachrul 2007).

The description of herpetofauna habitat in the mining
areas
Based on the field survey results, the herpetofauna was
most likely to be found in the water spot which was formed
for a longer period. Furthermore, a permanent water spot, a
location which was both naturally and artificially formed
with a watery condition in rainy and dry seasons, had more
potential for herpetofauna acquaintance. Therefore, the
existence of herpetofauna would be influenced by the
microhabitat conditions of a particular location.
The settling pond areas were the water treatment areas
established in the PT Singlurus Pratama mining areas. In
the Settling Pond 1 area, there was a nursery which had a
border with the fragmented forests. The areas of Settling
Pond 1 as well as Settling Ponds 13-15 had three ponds. At
the banks of the ponds, such plants as Cyperus rotundus,
Paspalum sp., Panicum sp., and Scleria sp. grew.
Meanwhile, particularly in the nursery areas, F. cancrivora
and P. leucomystax were found in between the plots. It was
assumed that in between the plot nursery was an ideal
location for a particular species of frogs since it had a
relatively lower temperature than other more open
locations and it could be an ideal place to hide from
predators as well. P. leucomystax is an adaptable arboreal
species and lays its eggs on vegetation above water. Their
eggs hatch into tadpoles before dropping into the water
below (Bickford et al. 2010)
Furthermore, the fragmented forest areas were the
secondary forests which were located in the areas of mine
reclamation. The fragmented forest areas had a direct
border with the river. In these fragmented forest areas, a
micro climate was created because the temperature and
humidity in these areas were different from the revegetation areas in the mining areas. In the fragmented
forests, there were pioneer plants such as Macaranga
gigantea, Macaranga triloba, Peronema canescens,
Melastoma malabathricum, Bauhinia lingua. In addition,
there was also standing stock of Eusideroxylon zwageri
spotted there. Forest fragments offer suitable conditions for
maintaining a portion of amphibian species of the region
(Meza and Pineda 2015).

Reptil
Amphibia

Figure 2. Dominance Index of herpetofauna in the mining area of PT Singlurus Pratama, Sungai Merdeka Block of Kutai Kartanegara,
East Kalimantan, Indonesia. Note: A-P refers to Figure 1.
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In the KM 5 location, there were holes created from the
open pit, namely PIT B 74 and PIT B 85, which were filled
by the acid mine drainage. The access to the areas of mined
land was through a rubber plantation and secondary forests,
in which there as a small stream behind the secondary
forests. In addition to the retention basin which was filled
by the acid mine drainage, there was also a natural
retention basin formed in the KM 5 location, especially on
the dirt road path, in which there were puddles whenever it
rained.
Meanwhile, in the KM 36 location, the holes from open
pit namely ID PIT 99 was also found. Similar to that of the
KM 5 area, this open pit hole was filled by the acid mine
drainage as well. Furthermore, on its banks, there were
some natural plants from the species of Scleria sp.The
access from KM 36 to the area of ID PIT 99 was through
the settlements and plantations. In the KM 36 location,
particularly on the banks of the open pit area, there were
Scleria sp. plants. The KM 36 location was also an open
location with different temperature and humidity,
especially from the nursery location and Settling Pond 1
area, just like the KM 5 location.
The outer forest was a type of a secondary forest. The
coal mining areas of PT Singlurus Pratama were located
inside the forest areas with the Borrow-to-Use Permit
schemes. There was a river flowing through the forests
which were located outside the mining areas.
The composition of herpetofauna based on the wet and
dry area
From the results of field observation as well as
supported by the Simpson Dominance Index data, the
herpetofauna in the mining areas were mostly found in the
wet areas or the areas which were not far from the water
source (the distance was < 10 meter) and less acquainted
in the wet areas as well as the areas which were far from
the water source (the distance was> 10 meter). Settling
Pond 1 was the location with the highest dominance index
value for the amphibian species, whereas the fragmented
forests were the location with the highest dominance index
value for the reptile species. Fragment size is also linked to
elevation, so that species richness tends to decrease in
fragments of a given size that are located at a higher
elevation, compared to those of the same size but at a lower
elevation (Meza and Pineda 2015)
Furthermore, the locations with the dominance index
values were categorized into two areas namely the wet and
dry areas.The categorization was based on the distance
from the herpetofauna discovery location to the water
source. This was done to see the microhabitat for the
dominant species in those respective areas.
There were six species of herpetofauna from reptile
species in the wet areas, and four species were found in the
dry areas (Table 1). While, for the amphibian species, six
species were found in the wet areas and four were found in
the dry areas (Table 2). The spread of the herpetofauna
species in the dry areas was not equal, and it was mostly
dominated by D. melanostictus and G. mutilata. In contrast,
the species of herpetofauna in the wet areas were
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Table 2. Reptile species in the wet and dry area of PT Singlurus
Pratama, Sungai Merdeka Block of Kutai Kartanegara, East
Kalimantan, Indonesia
Species

Number of species

Wet area
Eutropis multifasciata
Enhydris enhydris
Dendrelaphis pictus
Hemidactylus frenatus
Cyrtodactylus baluensis
Coura sp.
Total

20
4
4
2
1
1
32

Dry area
Gehyra mutilata
Gekko monarchus
Apterygodon vittatum
Bronchocela cristatella
Total

12
2
1
1
16

Table 3. Amphibians species in the wet and dry areas of PT
Singlurus Pratama, Sungai Merdeka Block of Kutai Kartanegara,
East Kalimantan, Indonesia
Species

Number of species

Wet area
Polypedates leucomystax
Fejervarya cancrivora
Polypedates macrotis
Hylarana chalconota
Odorrana hosii
Leptolalax dringi
Total

42
41
3
2
1
1
90

Dry area
Duttaphrynus melanostictus
Fejervarya limnocharis
Bufo divergens
Ingerophrynus biporcatus
Kaloula baleata
Total

28
2
1
1
1
33

Polypedates leucomystac

Figure 3. Composition species of herpetofauna on wet area of PT
Singlurus Pratama, Sungai Merdeka Block of Kutai Kartanegara,
East Kalimantan, Indonesia
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spread in almost all areas in the mining location which
covered the forest areas bordering with the mining areas
(outside of the concession), reclamation/ re-vegetation
areas, settling ponds and natural water spots.
The water spot areas were dominated mostly by F.
cancrivora and P. leucomystax frogs, E. multifasciata
lizards and E. enhydris as well as Dendrelaphis pictus
snakes. These five herpetofauna species were spotted
together in four water spots (wet) out of six survey wet area
locations. In the other two wet spots, the species found
were F. cancrivora and P. leucomystax.
Fejervarya cancrivora was often called ‘green frog’ or
‘rice-field frog’. This species of frog has a natural aquatic
habitat. This frog species was mostly found in Settling
Pond 1, with an activity inside the water at the pond bank.
This indicated that this species of frog had found a place
similar to its natural habitat. Hylarana chalconota using the
ponds and ephemeral puddles to breed were found mainly
in smaller, disturbed forests patches and urban parks. These
findings are of critical importance for the restoration of
small forest fragments where habitat and breeding site
heterogeneity augmentation can help conserve amphibian
biodiversity (Bickford et al. 2010).
Polypedates leucomystax was normally called ‘treelined frog' from the family of Rhacophoridae. The habitat
of this frog is in the water but often times; it is also found
in the land on the branches and leaves around the wet areas.
This species of frog lives in between the plants, in the
garden or around the swamps and disrupted forests.
(Yanuarefa et al. 2012).
Eutropis multifasciata or mostly known as many-lined
sun skink is a species of skink with the semi-aquatic habitat
type. This species of skink is often found in the open area
or disrupted area, covered by the forest floor and it can
adapt to this damaged environment (Das 2004).
Enhydris enhydris is often called strip bellied mud
snake, from the family of Colubridae. E. enhydris lives in
the freshwater habitats including marshlands, rural ponds,
swamps and rice paddies. This snake species is best
identified by the two pale stripes running down the full
length of the body and tail on either side of the vertebral
line; these two stripes converge on the crown. In this study,
E. enhydris was found in the water in the settling pond and
the former open pit.
Dendrelaphis pictus (Painted Bronze-back Snake) is a
medium-sized snake with a relatively wide spread of
habitat, which includes the primary and secondary forests,
plantations and settlements. It is an arboreal snake that
inhabits low elevation (Inger and Stuebing 2005);
However, in this current research sites, it was found in the
paddy field area. It seemed that in the sites the snake was
foraging for frogs, which was its major prey. It inhabits
open lowland tropical wet and dry forests especially
clearing and edges, and also scrubs, open swamp and
plantation. It often lives close to rivers, pond, and other
watered environments. This snake is strictly diurnal and
fond of basking. It appears to feed nearly exclusively on
arboreal frogs, but lizards have also been reported
(Malkmus et al. 2002)

Mikrohabitat for dominant species
According to Sudarmadji and Hartati (2016), the
general characteristic of the mine area rehabilitation
process towards the stable forest succession is signified by
the appearance of animals such as insects, amphibians,
reptiles, birds and small mammals. This is in line with the
synergizing-with-nature concept because most of the
mining areas of PT Singlurus Pratama are located inside
the forest areas with the Borrow-to-use Permit schemes.
The species of invasive animals especially the herpetofauna
existing outside the forest areas have started to enter the
reclamation areas such as settling ponds and nursery areas
as their microhabitats. This has been characterized by the
discovery of E. multifasciata skink species in the secondary
forest and settling pond areas. The settling pond areas
themselves are bordered directly with the fragmented
forests. Likewise, for the amphibian species, F. cancrivora
and P. leucomystax were found in the settling pond areas,
the former open pits of KM 36 as well as KM 7. Those
areas had a direct border and or near the outer forests and
fragmented forests. The P. leucomystax frogs were
commonly seen and heard across small and heavily
disturbed fragments, sometimes even found in highly
urbanized areas. These species are highly adaptable and
tolerate disturbance and severe habitat alteration (Bickford
et al. 2010). Those areas were bordering with or near the
outer forest and fragmented forest. The leaf litter can
provide adequate levels of moisture and food resources for
amphibians to carry out foraging, courtship and egg-laying
and other vital activities (Welsh and Droege 2001).
Finally, the herpetofauna species associated with the
wet habitats, especially the frog species, would require
water permanently. The permanent wet habitat would form
a micro ecosystem which enables a particular animal to live
and survive (the habitat support capability). Those
locations in the mining areas would include rivers/ streams,
settling ponds and water spots. Although half species seem
to be restricted to the rain forest, many species of reptiles
and amphibians use disturbed habitat as a temporary place,
they still need rain forest for their native habitat (Kurniati
2007). The settling ponds built on purpose would naturally
form the vegetation in the embankment areas which could
potentially be the habitats or hiding places for insects,
skinks, snakes and frogs. Each of this animal species plays
a role in forming the communities and food chain.
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Abstract. Wahyudin RA, Wardiatno Y, Boer M, Farajallah A, Hakim AA. 2017. Short Communication: A new distribution record of the
mud-spiny lobster, Panulirus polyphagus (Herbst, 1793) (Crustacea, Achelata, Palinuridae) in Mayalibit Bay, West Papua, Indonesia.
Biodiversitas 18: 780-783. Panulirus polyphagus (Herbst 1793) (Crustacea, Decapoda, Achelata, Palinuridae) from Waigeo Island is
illustrated and described in detail of morphological characters. This species is reported as new distribution record from Mayalibit Bay,
Raja Ampat District, Province West Papua, Indonesia. One specimen was collected by local fisherman from muddy substrate waters at a
depth of 10-40 m. The collection was made in June 2016. The present study adds more distribution of species in the world and enhances
the marine diversity of Indonesian crustacean lists. Some brief biological information on the species is presented.
Keywords: Crustacean diversity, morphological description, new record, Pakistan lobster, Waigeo Island

INTRODUCTION
Among crustacean marine species lobsters are known to
be industrial crustaceans in global fishery market (Chan
1998). A number of species can even be regarded as an
esteemed commodity because of the high price in the
market. Research in marine biodiversity in Indonesia is
important to strengthen the fact that Indonesian waters are
the biodiversity hotspot in the world. In Indonesia
crustacean studies in marine ecosystem has been increasing
since the last two years, and most of them focused on the
biological information of valuable crustacean, e.g. Hamid
and Wardiatno (2015), Santoso et al. (2015), Wardiatno et
al. (2015a), Zairion et al. (2015), Hamid et al. (2016),
Edritanti et al. (2016), Pramithasari et al. (2017), etc., but
some studies showed the occurrence of crustaceans species
in Indonesian waters and were closely related to marine
biodiversity, e.g. hippoid crabs (Ardika et al. 2015; Mashar
et al. 2015; Wardiatno et al. 2015b,c), palinurid lobsters
(Wahyudin et al. 2016; Wardiatno et al. 2016a), nephropid
lobster (Wardiatno et al. 2016b), scyllarid lobster
(Wardiatno et al. 2016c), etc.
The spiny lobsters of the family Palinuridae Latreille,
1802 are all bottom-dwelling and can be found from very
shallow water to a depth of 683 m (Chan 1998). All species
of genus Panulirus are mainly nocturnal and live in coral or
rocky reefs in depths less than 40 m (Chan 1998). Genus
Panulirus is often brightly colored and spiny. All of the

known species are to a greater or lesser extent of
commercial interest as fishery commodity (Holthuis 1991).
7 species from 21 species of genus Panulirus are
discovered in Indonesian waters (Holthuis 1991; Chan
1998; Chan 2010). Those species are Panulirus
femoristriga (von Martens 1872), P. homarus (Linnaeus
1758), P. longipes longipes (Milne-Edwards 1868), P.
penicillatus (Olivier 1791), P. polyphagus (Herbst 1793),
P. ornatus (Fabricius 1798), and P. versicolor (Latreille
1804). P. polyphagus has a broad geographic range from
Pakistan to Vietnam, the Philippines, Indonesia, northwest
Australia, and the Gulf of Papua (Holthuis 1991). In
Indonesia, the occurrence of the species has been not
reported from Mayalibit Bay. This study of P. polyphagus
reports the new distribution from Waigeo Island, Province
West Papua, Indonesia.
MATERIALS AND METHODS
One specimen was collected in June 2016 from
Mayalibit Bay, Raja Ampat District, Province West Papua,
Indonesia by an artisanal fisherman. Location of specimen
collection is shown in Figure 1. Spiny lobster is captured
by hand directly at 5-10 m depth. The specimen was
preserved in wood dust, transported in a life to the
laboratory for assessment of morphological characters and
identification. It was identified and described based on the
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Figure 1. Map showing the location of Mayalibit Bay (
was collected (the red circle). Insert is a map of Papua
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), Raja Ampat District, Province West Papua, Indonesia where the specimen

morphological characteristics using the taxonomic key
from Holthuis (1991) and Chan (1998). The specimen was
preserved in 96% alcohol and deposited in the Department
of Aquatic Resources Management, Institut Pertanian
Bogor (Bogor Agricultural University), Indonesia.

RESULTS AND DISCUSSION
Taxonomy
Infraorder Achelata Scholtset Richter, 1995
Family Palinuridae Latreille, 1802
Genus Panulirus White, 1847
Panulirus polyphagus (Herbst 1793): see Figure 2
Palinurus fasciatus Fabricius, 1798;
Palinurus polyphagus Bosec, 1802;
Panulirus orientalis Dofleln, 1900.
Examined material. 1♂: carapace length 74 mm, total
length 243 mm, weight 230 gram, June 2016, Mayalibit
Bay, Raja Ampat District, Province West Papua, Indonesia

Figure 2. A male of Panulirus polyphagus was collected from
Mayalibit Bay, Raja Ampat District, Province West Papua,
Indonesia. (CL: 74 mm, TL: 243 mm).
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Figure 3. Panulirus polyphagus (Herbst 1793), Mayalibit Bay,
Raja Ampat District, Province West Papua, Indonesia (male, CL:
74 mm.: A. Antennal peduncle, ventral view; B. Anterodorsal
carapace; C. Antennular plate; D. Abdomen, lateral view. Scale
bars, 10 mm

Description
Carapace spiny and rounded; rostrum absent; anterior
margin with irregular-sized pines other than frontal horns;
height of frontal horns less than two times the eye height,
without spinules in between (Figure 3.B, 3.C). Antennules
with flagella longer than peduncle (Figure 3.A); antennular
plate at bases of antennae armed with one pair of wellseparated principal spines only (Figure 3.C). Abdomen
naked and smooth; without transverse grooves or sunken
pubescent areas (Figure 3.D). Posterior half of the tail fan
soft and flexible.
As mentioned above seven species of genus Panulirus
are discovered in Indonesia waters. By comparing with the
habitat of others, Panulirus polyphagus live in the different
habitat. P. polyphagus is most commonly found in coastal
waters on rocky and muddy substrates to a depth of 40 m,
but it is occasionally seen at 90 m (Holthuis 1991) and live
mainly at the river influenced shelf where the is shallow,
turbid and heavy moderate run-off (George 1997). The
specimen of this study was caught from Mayalibit Bay with
muddy substrates near the river mouth.
In Indonesia, P. polyphagus was reported present in
some location by the local unpublished report, but it was

usually found in small number. Holthuis (1991) and Chan
(1998) stated that P. polyphagus had a wide range in
Indonesian marine ecosystem, but there was no any report
mentioning its presence in the West of Sumatera, South of
Java, and north of Papua. In this study, we added
distribution range of P. polyphagus in Mayalibit Bay in
Waegio Island, Raja Ampat District, Province West Papua,
Indonesia. This present study would increase the marine
crustacean list of Indonesia, and as consequently would
also strength the fact that Indonesia is the marine
biodiversity hotspot. The additional information on marine
biodiversity is strongly related to the commitment of
preserving world’s natural resources sustainability,
including marine life. As we have might know that United
Nation in 2015 has declared and launched 17 Sustainable
Development Goals with 169 targets for the next 15 years
agendas. In marine diversity and sustainable development
perspectives, the 14th goal of the agendas converges on the
marine system in order to achieve conserve and sustainably
use the oceans, seas and marine resources. The result of
this study would also be used to support conservation
planning for the sustainability resources in the research
study and to enhance the ecological role of the area. In the
future detail, biological information on P. polyphagus is
needed to explore for ensuring its sustainable use and
management.
Like other palinurid lobsters, P. polyphagus is also a
commercial and expensive fisheries commodity in
Indonesia. As mentioned above, there is still a lack of
biological studies about this species in Indonesia. However,
in some countries the research on the species has been
reported, for example, allometric relationships (Mathap and
Nair 1979), reproductive biology (Ikhwanuddin et al. 2014,
Kagwade (1988a,b), and population dynamics (Kagwade
1988c). P. polyphagus was reported to attain sexual
maturity at 6.02 cm CL for male and 6.59 cm CL for a
female in Malaysia (Ikhwanuddin et al. 2014). Fecundity of
P. polyphagus was estimated in the range of 143,000 until
4,723,000 egg productions (Kagwade 1988a), and the
major spawning was in January and September and the
minor in March and June (Kagwade 1988b). Values of
growth parameters by von Bertalanffy's growth equation
were 537 mm (male) and 443 mm (female) of asymptotic
growth, 0.2000 (male) and 0.2231 (female) of curvature
parameter, and 0.6037 (male) and 0.1985 (female) of the
initial condition parameter (Kagwade 1988c). From fishery
point of view, India produced 503.5 tons for males and
825.4 tons for females in 1993. With MSY value 520.365
tons for males and 837.8249 tons for female, it was
estimated that the exploitation rate of male and female was
0.5096 and 0.4925, respectively (Kagwade 1993).
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Abstract. Mulyastuti Y, Rahayu SI, Sunarno S, Santoso S, Wasito EB. 2017. Short Communication: Investigation of Diphtheria in
Indonesia: dtxR and tox genes analysis of Corynebacterium diphtheriae collected from outbreaks. Biodiversitas 18: 784-787. Diphtheria
outbreaks have sporadically occurred in Indonesia recently. It is suspected that toxin profile changes play an important role in vaccine
efficacy and the occurrence of outbreaks. This study aimed to investigate the genetic changes of dtxR and tox genes in Corynebacterium
diphtheria in Indonesia. Four C. diphtheriae toxigenic isolates circulating in current outbreak area were analyzed by comparing DNA
sequences of their dtxR and tox genes to those of the PW8 vaccine strain. Among the four isolates, three point mutations were detected
in dtxR gene while three other point mutations were detected in the tox gene. All six were silent mutations, suggesting that the diphtheria
toxin is highly conserved at the amino acid sequence level, and indirectly indicating that the vaccine remains appropriate. Genetic
variation in dtxR and tox genes of C. diphtheriae isolates from the recent outbreaks in Indonesia was detected.
Keywords: Corynebacterium diphtheriae, DNA Sequence Analysis, dtxR gene, tox gene, Indonesia

INTRODUCTION
Diphtheria vaccination has successfully lowered the
incidence throughout the world, but outbreaks still occur
sporadically in some countries, especially in developing
countries like India, Pakistan, Indonesia, and China (WHO
2013). There was a significant increase in diphtheria cases
in Indonesia, with a peak occurring in the year 2012 (1192
cases in all over Indonesia). The number decreased to 394
in 2014 (74% from East Java Province), however, it
increased to 502 in 2015 (63% from East Java Province)
(MoH 2016). Multiple current outbreaks in several areas in
Indonesia indicate the continuous transmission of
Corynebacterium diphtheriae. Moreover, the shift of
epidemiological pattern from "children disease" to "all-age
disease” is raising concerns over the changes of
pathogenicity of this bacteria and the vaccine efficacy.
The pathogenicity of diphtheria results from an invasion
of toxigenic bacteria at local tissue of the throat preceded
by colonization and proliferation, and from protein
synthesis inhibition induced by the diphtheria toxin
(Murphy 1996; Burkovski 2014). Toxin as one important
weapon of this pathogen has become an unsurpassed focus
of research. Nontoxigenic C. diphtheriae generally
produces milder clinical symptoms, but such strains are
associated with endocarditis (Reacher et al. 2000).
Diphtheria prevention which targets the diphtheria toxin is
performed through vaccination, which is still based on the

toxoids of the C. diphtheriae PW8 strain discovered in
1896 (Holmes 2000).
In diphtheria epidemic in Russia, it was found that base
mutations at the tox operon in two of the 81 strains were
not affecting the amino acid sequence of diphtheria toxin
(Kolodkina et al. 2007). The structural gene encoding
diphtheria
toxin,
tox
gene,
is
carried
by
corynebacteriophage but the regulation of the expression is
maintained by the regulatory elements encoded by C.
diphtheriae, namely dtxR. Research in a change in C.
diphtheriae toxin that causes diphtheria outbreaks in
Indonesia has never been done so far. Analysis of the dtxR
and tox genes profile is important, given that the profile
changes may contribute to a reduction in the efficacy of
toxoid, rendering it less useful for the prevention of
diphtheria (Holmes 2000).

MATERIALS AND METHODS
Isolates and identification procedures
In this study, four C. diphtheriae isolates were collected
from diphtheria patients and contacts in outbreak areas.
Isolates studied are listed in Table 1. C. diphtheriae isolates
were identified using conventional methods as described
previously as well as using PCR assay (Efstratiou 1999,
2000; Sunarno 2015).
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Toxigenicity test
The toxigenicity of C. diphtheriae was determined by
Elek test, and the detection of tox gene was conducted with
PCR assay (Sunarno 2015).
Polymerase Chain Reaction assay
DNA was extracted by heating a suspension consisting
of one loop fresh bacterial culture in 500 µl sterile water
for 10 minutes. The suspension was centrifuged at 8000
rpm. PCR for detection of dtxR and tox gene was
performed in the National Institute for Health Research and
Development, Jakarta, by using methods as described
previously (Sunarno 2015).
DNA sequencing and data analysis
Results of the sequencing were analyzed by Bioedit
software version 7.2.5. The results of DNA sequences of
tox and dtxR genes were then compared with the complete
genome sequence of C. diphtheriae PW8 strain using
BlastN online program. This complete genome sequence
has been published previously with GenBank accession No.
CP003216.1. The phylogenetic tree was analyzed using the
MEGA software version 6.06 by inserting the nucleotide
base sequence data of dtxR gene.
This study has been approved by Ethical Committee of
Faculty of Medicine, Universitas Airlangga, Surabaya, East
Java, Indonesia.

RESULTS AND DISCUSSION
All four isolates exhibited amplification product
corresponding to the dtxR gene, which is the speciesspecific marker for C. diphtheriae. The amplification
product of 100 bp corresponding to fragment A and 539 bp
corresponding to fragment B of the diphtheria toxin were
also obtained. Based on the data obtained, all four
sequences showed 99% similarity with the dtxR gene from
the PW8 strain of C. diphtheriae.
Analysis of dtxR gene sequencing results showed
mutations located in open reading frame (ORF). The
difference between all isolates and the PW8 strain was
caused by a transition of GGC→GGT at position 273 (both
encode Glycine). Moreover, isolates L3 and L4 also had
transitions of GTT→GTC at position 225 (both encode
Valine) and CTC→CTA at position 639 (both encode
Leucine).
Analysis of tox gene sequencing results showed three
nucleotide changes. Isolates L1, L2, L3, and L4 all had
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transitions of TTG→CTG at position 415 (both encode
Leucine) and AGG→AGA at position 705 (both encode
Arginine). Isolates L3 and L4 both had a transition of
GAT→GAC at position 84 (both encode Aspartic acid).
All mutations in dtxR and tox genes do not produce amino
acid substitutions. We compared our finding with the
previous report from Trost et al since there is no previous
genotypic data about diphtheria isolate in Indonesia.
Mutations in dtxR gene are shown in Table 2, while tox
gene mutations are shown in Table 3.
Phylogenetic analysis based on the dtxR gene predicted
a close relationship between isolates L3 and L4 with
HCO1, CDCE 8392 and 241 strains (Figure 1). The
analysis also predicted a close relationship between isolates
L1 and L2 with C7, HCO2 and 31A strains.
Discussion
DNA sequence analysis of dtxR and tox genes in this
study indicates that all isolates and the PW8 strain used for
diphtheria toxoid production had identical amino acid
sequences. However, the variation in dtxR and tox genes in
four isolates within this study clearly demonstrates the
necessity for further studies with both larger sample size
and wider scope, to facilitate the development of strategies
and surveillance policies to prevent further outbreaks.
Further epidemiological research based molecular typing
(i.e. Ribotyping or MLST) of strains and toxins circulating
in Indonesia is necessary to reveal routes of transmission
and adaptation mechanism of C. diphtheriae.
A seroprevalence study by Hughes et al. in Indonesian
children concluded that high DTP3 vaccination coverage
does not provide long-term immunity when compared with
low vaccination coverage (Hughes et al. 2015). Earlier
research led to speculation that natural variations in dtxR
and tox genes may be associated with the bacterial ability
to produce a toxin (Perera and Corbel 1990). Any
significant change in the amino acid sequence of fragment
B may lead to failure in recognition by the diphtheria
toxoid-induced antibody. On the other hand, production of
diphtheria toxoid through inactivation process by chemical
modification implies that there are variations in both
characteristic and quality of toxoid. Toxoid tends to be less
immunogenic unless given in large quantities or double
dose (Metz 2005; Baxter 2007). Failure to recognize the
toxin and a decrease in vaccine quality may reduce
protection level conferred by vaccination, as does
inadequate dosage. These factors may increase the risk of
an outbreak.

Table 1. Origin of C. diphtheriae isolates in this study
Sample No.
L1
L2
L3
L4

Patient/Contact
Contact
Patient
Contact
Patient

Gender/Age
M/12 y
M/5 y
F/11 y
M/15 y

Immunization history
Unknown
Unvaccinated
Unknown
Unknown

Origin
Java
Java
Kalimantan
Kalimantan

Year
2012
2014
2014
2013
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Table 2. Mutation in dtxR gene in this study compared to previous report (Trost 2012)
Strain
PW8
L1
L2
L3
L4
C7(β)tox+
HCO1
CDC-E8392
241
31A

Origin
Isolated from a diphtheria patient in New York, 1896, widely used
toxoid vaccine producer; tox+
Isolated from a diphtheria contact in Java; 2012, tox+
Isolated from a diphtheria patient in Java; 2014, tox+
Isolated from a diphtheria contact in Kalimantan, 2014, tox+
Isolated from a diphtheria patient in Kalimantan, 2013, tox+
Derivate of the avirulent isolate C7, 1954, widely used laboratory
strain, tox+
Isolates from a blood sample from a patient with fatal endocarditis
in Rio de Janeiro, 1993
Isolated from a diphtheria patient, originally from CDC, tox+
Isolated from a diphtheria patient in Rio de Janeiro, 1981; toxIsolated from a diphtheria patient (vaccinated adult) in Rio de
Janeiro; 1978; tox+

225
GTT

Position of nucleotide
273
639
GGC
CTC

GTT
GTT
GTTÆGTC
GTTÆGTC
GTT

GGC
GGC
GGC
GGC
GGC

Æ GGT
Æ GGT
Æ GGT
Æ GGT
Æ GGT

CTC
CTC
CTCÆCTA
CTCÆCTA
CTCÆCTA

GTTÆGTC

GGC Æ GGT

CTCÆCTA

GTTÆGTC
GTTÆGTC
GTT

GGC Æ GGT
GGC Æ GGT
GGC Æ GGT

CTCÆCTA
CTCÆCTA
CTC

Table 3. Mutation in tox gene in this study compared to previous report (Trost 2012)
Strain
PW8
L1
L2
L3
L4
31A

Origin
Isolated from a diphtheria patient in New York, 1896, widely used
toxoid vaccine producer; tox+
Isolated from a diphtheria contact in Java; 2012, tox+
Isolated from a diphtheria patient in Java; 2014, tox+
Isolated from a diphtheria contact in Kalimantan, 2014, tox+
Isolated from a diphtheria patient in Kalimantan, 2013, tox+
Isolated from a diphtheria patient (vaccinated adult) in Rio de
Janeiro; 1978; tox+

Figure 1. Phylogenetic analysis based on dtxR gene

84
GAT
GAT
GAT
GATÆGAC
GATÆGAC
GAT

Nucleotide position
415
705
TTG
AGG
TTGÆCTG
TTGÆCTG
TTGÆCTG
TTGÆCTG
TTGÆCTG

AGGÆAGA
AGGÆAGA
AGGÆAGA
AGGÆAGA
AGGÆAGA
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This study is the first report of genetic variation in
diphtheria isolates in Indonesia. Mutations in dtxR and tox
genes of C. diphtheriae toxigenic strain were detected in
isolates from several regions of Indonesia. All mutations
did not lead to a change in the amino acid sequence of the
toxin, leaving it identical to the amino acid sequence of C.
diphtheriae PW8 strain which has been used in vaccine
development. Therefore, it is concluded that the currently
used vaccine is still appropriate for diphtheria prevention in
Indonesia. The result is similar to the finding of Nakao et
al. (1996), which showed that the decrease in vaccine
efficacy was not the primary cause of the large diphtheria
outbreak in Russia.
These results should be an important source of
information for policy makers in Indonesia, especially
concerning quality assurance of vaccine production, also its
distribution and administration. It is important to enhance
the coverage and effectiveness of diphtheria vaccination
since it is currently still the most effective prevention
mechanism against diphtheria outbreak. Moreover, it is
important to increase awareness and ensure that good
surveillance and laboratory diagnostics are in place.
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Abstract. Fitrian T, Kusnadi A, Persilette RN. 2017. Seagrass community structure of Tayando-Tam Island, Southeast Moluccas,
Indonesia. Biodiversitas 18: 788-794. Seagrass bed is one of the marine ecosystem that having the highest productivity that could
sustain coastal resources. The research purposes of this paper is to determine the community structure of seagrass at Tayando-Tam
Island, Southeast Moluccas, Indonesia. The method of observation of seagrass bed using a line transect, transect ran perpendicular to the
shore line for 100 meters. The field of observations include identification of seagrass species, counting the number of shoots and
percentage (%) of seagrass cover. Seven species of seagrass had been found in Tayando-Tam island, i.e. Enhalus acoroides, Thalassia
hemprichii, Cymodocea serrulata, Cymodocea rotundata, Halodule pinifolia, Halophila ovalis, Syringodium isoetifolium. Halodule
pinifolia had the highest density in Tam Island with the number of 684.18 shoots/m2. The coverage in this area was between 4.64-43.1
%. Based on the number of species, diversity index and dominance index Tam Island had the most stable seagrass communities, with
moderate value of diversity index (H'=1.26), high evenness Index (E=1.63), and low value of dominance index (D=0.34). Seagrass
resources in the Tayando-Tam islands is good and the potential for biota the association, which is supported by the quality of water is
good for the growth of seagrass.
Keywords: Community structure, seagrass bed, Tayando-Tam waters

INTRODUCTION
Seagrasses are the specialized marine flowering plants
(Angiospermae) which have the ability to adapt fully in
waters that have high salinity fluctuations, live submerged
in the water and have rhizomes, leaves and true roots
(Nontji 1987). Seagrasses mostly grow in mud or sand, the
only significant exception to this being Phyllospadix,
which can cling to rocky shelves (Hemminga and Duarte
2000). Worldwide seagrasses do not comprise a large
number of species: 58 or so species in 12 genera.
Seagrasses are not restricted to tropical or subtropical
latitudes, and extend into high northern and southern
latitudes, although there is a tendency for more species to
be present in the tropics. These marine plants usually
dominate shallow coastal waters around the world. The
distribution of seagrass species can be defined as the range
over which a species occurs or the area within a location
where a particular species is located (Short and Coles
2001). Globally, seagrass distributions suggest six regional
floras as Temperate North Atlantic, Tropical Atlantic,
Mediterranean, Temperate North Pacific, Tropical IndoPacific, Temperate Southern Ocean (Short et al. 2007).
Seagrass meadows generally comprise very few species. In
the Indo-West Pacific region, up to seven species may be
found in the same meadow, with Thalassia hemprichii
often the most abundant (Duarte 2001). Indonesia has
around 12 species of seagrasses, i.e. Syringodium
isoetifolium, Halophila ovalis, Halophila spinulosa,
Halophila minor, Halophila decipiens, Halodule pinifolia,

Halodule uninervis, Thalassodendron ciliatum, Cymodocea
rotundata, Cymodocea serrulata, T. hemprichii and
Enhalus acoroides.
Seagrass beds are one of the most productive marine
ecosystems so as to support the potential of coastal
resources (Azkab 2001). Seagrass beds have long been
recognized as critical coastal nursery habitat for estuarine
fisheries and wildlife (Bell et al. 1989). They function as
direct food sources for fish, water flow, dugongs, manatees
and sea turtles. They are also participants in nutrient
cycling processes and are stabilizing agents in coastal
sedimentation and erosion processes and they have
received attention as biological indicators of estuarine
water quality and ecosystem health as a result of their
sensitivity to nutrient enrichment and eutrophication
(Dennison et al. 1993). The structural function of
seagrasses is a result of the morphology of seagrass plants.
The seagrass plants possess an extensive underground
rhizome/root system with erect shoots with bundles of
leaves, which extend into the water column. As a result,
they create a highly structured ecosystem from a relatively
unstructured one (Philips and Milchakova 2003). When the
seagrass ecosystem is intact, the seagrass beds serve as
nursery grounds, places of both food and shelter for
juveniles of a variety of finfish and shellfish of commercial
and sports fishing importance. Healthy intact seagrass
ecosystem provides services since they related to the
health, stability and being of the environment in which they
live, and also for human populations. Seagrasses provide
physical structure on otherwise largely featureless sediment
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bottoms, enhancing community diversity, biomass and
primary and secondary production. The leaves provide a
substratum for the growth of epiphytic microalgae that fuel
food webs and a shelter for invertebrates and fishes that
reach substantially greater densities than in unvegetated
benthic habitats (Heck and Orth 1980).
Seagrass ecosystems that are vulnerable to climate
change. Seagrass ecosystems will be one of the most
affected real. The extent of seagrass beds will be reduced
or even disappear, especially in the area of river estuaries
and in shallow waters. The main cause of this is the
increasing water temperatures, especially in some of the
shallow waters. Seagrass ecosystems will continue to
experience damage from year to year, so we need a
temporal observations, especially related problems seagrass
community structure in order to know the changes
extensive seagrass beds and do the planning rehabilitation.
Increased fishing activities in the area Tayando-Tam
Islands will affect the vast changes in the area seagrass
beds. The existence of this problems, it is necessary to
conduct research on seagrass community structure that
aims to identify the community structure of seagrass in the
Tayando-Tam Island. Basic study on the distribution,
composition, and density are fundamental as the initial
research resource for studying seagrass (Mukai et al. 1980).
The results of this research can be used as a material
discussion or basic information in decision making for the
management of seagrass ecosystems in the region. It is
important to document seagrass species diversity and
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distribution and identify areas requiring conservation
measures before significant areas and species are lost.

MATERIALS AND METHODS
Site description
The study was conducted on September 12th-21th, 2015
in the Tayando-Tam Island. Tayando-Tam Island is one of
the subdistricts located in the City of Tual, Moluccas
(Maluku) Province, Indonesia; precisely located in the
southeast of the province. Five locations were studied in
Tayando-Tam Island, namely: Tayando (station 1), Vat
(Station 2), Reer (Station 3), Tam (Station 4), Wailir
(Station 5) (Figure 1).

Figure 2. Line transect method

Figure 1. Map of the observation site at Tayando-Tam Island, Southeast Moluccas, Indonesia
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Transect profile
The line transect method had been done at several
locations of seagrass beds at Tayando-Tam island. Transect
ran perpendicular to the shoreline for 100 meters (Fig.2).
Two parallel transect lines created with a distance of 25 m
between the transect line. On each line transect sampling
specified points within 10 meters between sampling points,
resulting in a line transect along 100 m transects gained 11
points. Transects conducted at low tide using transect
quadrant made from PVC pipe measuring 50 x 50 cm.
Observations of seagrass in the field include the
identification of the types of seagrass, count the number of
individuals/stand, data percentage (%) of seagrass cover
and the characteristics of the substrate. Seagrass
identification is done by using the identification key Azkab
(1999). Sea water samples were taken from each station to
be analyzed as supporting data. Parameters measured
directly in the field is the temperature, current, pH and
salinity
Data analysis
The data sampling results were analyzed to determine
the density value types, species richness index (D),
diversity index (H), evenness index (E) and dominance
index as follows:
The density of each type was calculated using the
formula Odum (1971):

Di = Density type (stand/1 m2)
ni = Number of individuals (stand)
A = Area transect quadrant (1 m2)
Species Richness Index/Index Margalef

S = Number of total species in a habitat
N = Number of individuals in a habitat
Diversity Index ( H ')
Diversity Index using the formula of Shannon-Wiener
(Shannon 1948):

H ' = Diversity index
ni = Number of an individual species i
N = Total number of individuals
Pi = Proportion frequency of species of the i-th of the
total amount
With the value category:
H ': 0 < H < 1 = Low
1 ≤ H ' ≤ 3 = Medium
H ' > 3 = High
Evenness index ( E)

Value index Evenness Odum (1971)

E = Number of evenness
S = Number of taxa/types
This index shows the distribution pattern of biota
evenly or not. Evenness index value ranging between 0-1
by category as follows:
E < 0.4 = Small evenness
0.4 ≤ E < 0.6 = Medium evenness
E ≥ 0.6 = High evenness
Dominance Index
Dominance Index calculated by the formula Simpson
(1949):

D = Dominance Index Simpson
Pi = Proportion of species of the i-th of the total
amount.
When there is an increase D, there will be a decrease in
the value of evenness (E) Brower et al. (1990). Where the
value of the index ranges between 0-1 domination by
category as follows (Setyobudiandi et al. 2009);
0.00 < D < 0.50 = Low dominance
0.50 < D < 0.75 = Medium dominance
0.75 < D < 1.00 = High dominance

RESULTS AND DISCUSSION
Seagrass diversity
The research result obtained seven seagrass species
those are Enhalus acoroides, Thalassia hemprichii,
Cymodocea serrulata, Cymodocea rotundata, Halodule
pinifolia, Halophila ovalis, Syringodium isoetifolium. T.
hemprichii and Cymodocea rotundata most widely spread
than the other species, as both were found in each location
(Table 1).
Thalassia hemprichii is the most widespread vegetation
unit. This species has a characteristic range of habitats is
quite wide, from the brightness level of the clear water to
turbid, from single up to mix vegetation and various types
of substrates Kiswara (1997). The seagrass species that
dominate in this observation is T. hemprichii as spread over
all observation sites in the Tayando-Tam Islands waters. T.
hemprichii is found in almost all the waters of Indonesia,
often dominance the mix vegetation with a distribution
vertical can reach 25 m and can grow on various types of
substrates ranging from muddy sand, sand medium-sized
and rough up the fragments coral (Takaendengan and
Azkab 2010). Lanyon (1986) revealed that the
morphologies of this type have a thick rhizome and strong
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waters and stand density of seagrass is influenced by
various factors as described by Short and Coles (2001) i.e.,
the type seagrass, substrate conditions, seasons, tides, wave
energy strength, the content of organic matter in the
sediment and other environmental factors. Shoot density is
a parameter which is easily determined and often used as a
rough estimate for standing stock (Vareschi and Jacobs
1984).
Halodule pinifolia have the highest density value from
all types of seagrass found that 684.18 shoots/m2 and this
type is only found in the Tam Island. The high density of
H. pinifolia in Tam island due to a suitable substrate as
habitat. The density of seagrass species per unit area
depends on the type and characteristics of seagrass as
habitat. This relates to the very nature of seagrass need
light for photosynthesis (Kiswara 1997). The more clear
the water, the more the intensity of sunlight entering
thereby stimulating the growth of shoots stand seagrass. H.
pinifolia also Halodule uninervis occupies a wide range of
habitats, from the muddy intertidal to reef tops and is
tolerant of large fluctuations in salinity. The species is
widely distributed throughout the Indo-west Pacific and is
almost ubiquitous in tropical seagrass meadows often being
dominant (Waycott et al. 2004). This species is a rapid
colonizer from seed and through vegetative growth, it plays
an important role in maintaining seagrass habitat in areas of
high disturbance and actively stabilizes sediments with an
intertwining mat of rhizomes and fibrous roots.
The Table 4 above shows that overall seagrass cover
ranges from 4.64 to 43.1%, which is dominated by T.
hemprichii and H. pinifolia. The low percentage of seagrass
cover in area Tam Island is expected because of the high
activity of the community around the site, where the
location there is a company engaged in the pearl farming.
Based on the decision of the State Minister of Environment
No. 200 of 2004 on standard criteria and guidelines for the
determination of the extent of damage the status of
seagrass, seagrass cover ≥60% relatively rich/healthy, 30 to
59.9% classified as less healthy and ≤ 29.9% were
classified as poor. It can be concluded that the status of the
seagrass beds around the island waters Tayando-Tam as a
whole, including the category of less wealthy/less healthy.

that allows it to grow on a substrate varies. Cymodocea
rotundata is a widespread common seagrass in clear water
reef habitats throughout the Indo-west Pacific. Cymodocea
rotundata often grows in mixed species meadows which
are important nursery grounds for prawns and other
invertebrates. This species is fast-growing and plays a role
in habitat recovery (Waycott et al. 2004).
Tropical and temperate seagrass may vary in
distribution, density and species mix within time spans of
months (Coles and Lee long 1999). Seagrass distribution
varies at each location, Tam Island has the most species of
seagrasses among the other location. Seven types of
seagrass found in Tam Island is E. acoroides, T.
hemprichii, C. serrulata, C. rotundata, H. pinifolia, H.
ovalis and S. isoetifolium, while Island Tayando, Vatlev,
Reer and Wailir only found three species of seagrasses, and
each island has a kind seagrass different. Kiswara (1997)
stated that the distribution of seagrass in each location has
different variations and there is a relationship between the
composition of the characteristic habitat types. Habitat
characteristics of the study sites are presented in Table 2.
The composition of seagrass species is highest in Tam
Island which has a substrate of sand muddy water with high
levels of brightness. While the composition of the lowest
found in the first location of Tayando Island that has sand
substrate rubble. The quality of environmental in Tayando
Island is relatively lower than the other sites because in
these locations they are various types of fishing activities
such as pearl farming activities, etc.
Seagrass density
The density of seagrass species has a dependency on the
type because it deals with the size and layout leaf growth.
Short and Coles (2001) stated that the stand density of
seagrass is influenced by various factors such as the type of
seagrass, substrate conditions, seasons, tides, wave energy
strength, the content of organic matter in the sediment and
other environmental factors. The density of seagrass
species in the Tam-Tayando Islands can be seen in Table 3.
The growth of seagrass thought to be influenced by
internal factors such as the physiological and metabolism,
as well as external factors such as nutrients and fertility

Table 1. Biodiversity of Seagrass Species at Tayando-Tam Islands, Southeast Moluccas, Indonesia
Species

Location 1
I
II

Location 2
I
II

Location 3
I
II

Location 4
I
II

Location 5
I
II

Hydrocharitaceae
Enhalus acoroides
Thalassia hemprichii
Halophila ovalis

+
-

+
-

+
-

+
-

+
+

+
+

+
+
-

+
+
+

+
+

+
+

+
2
453

+
2
573

+
+
3
1376

+
+
3
1486

+
3
1310

+
3
1149

+
+
+
5
4288

+
+
+
+
7
3896

+
3
1595

+
3
2388

Cymodoceaceae
Cymodocea serrulata
Cymodocea rotundata
Halodule pinifolia
Syringodium isoetifolium
Total species
Total individual
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Temperature affects seagrasses from the global to the
molecular level. It influences the biogeographical
distribution of seagrasses worldwide. The temperature of
the water within and above seagrass beds may vary locally
depending on the density of the vegetation and the
hydrodynamic conditions prevailing in the area. The results
of temperature measurements in the waters of TayandoTam Island, Southeast Maluku, is in the range still in the
optimum range for growth of seagrass. The normal
temperature for the growth of seagrass in tropical waters
ranges 24-35oC (Hutomo 1985)
The salinity of the water may not only affect the
distribution and growth of seagrasses but can also be
environmental stress rendering seagrasses more or less
vulnerable to diseases. Salinity data can be a good indicator
of the origin of the water mass in the seagrass bed (oceanic
or riverine) and may also provide some information about
seagrass diversity and ecology in a specific area. Seagrass
species have tolerance to different salinity in the range of
10-40 ‰, the optimum value of seawater salinity tolerance
is good for seagrass growth amounted to 35 ‰. Dahuri et
al. (2001). The value of salinity in five observation stations
ranged between 32.3-34.5‰. The results showed that the
salinity of the waters in the locations of the research is still
in the range specified. Salinity effect on the quantities
which are the product of or related to photosynthesis such
as biomass, productivity, density, leaf width, and speed
recovery of seagrass.
Water flow affects almost all biological, geological and
chemical processes in seagrass ecosystems. On seagrass
beds, current speed has a significant influence, the
productivity of seagrass beds visible from state effect of
water flow speed, which has the maximum ability to
produce “standing crop” when the current speed of 0.5
m/sec (Dahuri et al. 2001). The flow velocity based on
measurements in the waters Tayando-Tam is from 0.7 to
0.31 m/sec. These conditions indicate the current speed is
medium, according to the statement Mason (1981), where
the waters flow velocities grouped fast-very fast (> 100
cm/sec), fast (50-100 cm/sec), medium (25-50 cm/sec),
slow (10-25 cm/sec), and very slow (<10 cm/sec).
Relatively calm water conditions will cause the leaf surface
is overgrown with algae will seagrass epiphytes and
covered by sediment trapped at the bottom, this is
particularly the seagrass that are substrates of mud. In
addition, the movement of water also causes leaf bent and
formed a dense canopy, thereby reducing light penetration,
this led to the effectiveness of photosynthesis decreases
due to the amount of light incident on the chloroplast
reduced (Susetiono 2004).
Seagrass community structure
Natural ecosystems are generally so rich in species and
affected in such complex ways by environmental variables
that there is little scope for testing the relationship between
diversity, productivity, and stability. Ecologists have
therefore resorted to manipulation of artificial ecosystems,
where levels of diversity and combinations of species can
be controlled, and key aspects of ecosystem function

(Hogarth 2015). The ecological index is used to look at the
sustainability of communities and community structure of
seagrass. The ecological index consisted of Species
Richness (D), Diversity Index (H '), Evenness index (E)
and Dominance Index. A community that has a high
species diversity if the abundance of the species or
proportions between species as a whole it just as much or
nearly as much (Brower et al. 1990).The results of data
analysis Ecological index seagrass communities in the
Tayando-Tam Island is summarized in Table 5.
Table 2. Description Substrate of Seagrass in Tayando-Tam
Island Waters, Southeast Moluccas, Indonesia
Location

Description of substrate

Tayando

To the land: rubble dead and life coral
To the sea: rubble dead and life coral
To the land: rubble, dead and life coral
To the sea: rubble coral and sand
To the land: rubble, life coral, and sand
To the sea: sand
To the land: soft muddy-sand
To the sea: sand
To the land: muddy-sand
To the sea: sand

Vat
Reer
Tam
Wailir

Table 3. Density of seagrass at Tayando-Tam Island Waters,
Southeast Moluccas, Indonesia

Species

Hydrocharitaceae
Enhalus acoroides
Thalassia hemprichii
Halophila ovalis

Density of seagrass (shoots/m2)
at each location
1
2
3
4
5

170

20.91
474.36 286.36 472.91
143.82 1.1

Cymodoceaceae
Cymodocea serrulata
1.82 8
Cymodocea rotundata
31.27 38
Halodule pinifolia
Syringodium isoetifolium

16.91

131.27
128.91
684.18
98.54

527.45
79.82

116.91

Table 4. Percentage of coverage and species dominance at every
observation sites at Tayando-Tam Island, Southeast Moluccas,
Indonesia
Location

Percentage (%)

Dominance

1
2
3
4
5

4.64
8.91
6
43.1
14.36

Thalassia hemprichii
Thalassia hemprichii
Thalassia hemprichii
Halodule pinifolia
Thalassia hemprichii
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Table 5. Ecology Index of seagrass community structure in
Tayando-Tam Island, Southeast Moluccas, Indonesia
Ecology index
Species Richness
Diversity
Evenness
Dominance

1
0.16
0.24
0.80
0.86

2
0.27
0.33
0.70
0.84

Location
3
0.28
0.62
1.31
0.62

4
0.60
1.26
1.63
0.34

5
0.26
0.74
1.54
0.57

Table 6. Water environmental condition at Tayando-Tam Island,
Southeast Moluccas, Indonesia
Environmental
parameters
Temperature (oC)
Current (m/s)
pH
Salinity (‰)

1
27.1
0.09
8.19
34.4

2
29.6
0.31
8.42
34.4

Locations
3
27.5
0.11
8.17
33.2

4
29.3
0.13
8.42
34.5

5
26.6
0.07
8.16
32.3

Value index of species richness in Tayando-Tam
Islands waters has a range of 0.16 to 0.6. The lowest index
value contained in the first location that is on the Tayando
Island of 0.16 which means that the species found at the
site of one fewer than in the other locations and species
richness was highest in four locations namely at Tam
Island at 0.6 due in Tam Island is most prevalent types of
seagrass. This shows that the type of the muddy sand
substrate Tam Island suitable for the majority of the growth
of seagrass in Tayando-Tam Islands. In general, species
richness of seagrasses correlates with higher biomass and
production. However, this effect appears to be related not
to species richness as such, but to the variability within the
seagrass meadow of the size of its constituent species.
Larger species function in some respects differently from
smaller ones, and the functional complementary of species
of different sizes may serve to enhance the function of the
community as a whole.
Diversity index is used to determine the abundance of
seagrass communities based on the number of species and
the number of shots of each species in a region,
biodiversity spanning two important things, they are the
number of species and number of individuals of each
species in a region, the more the number of species, the
more diverse community. From the calculation results
obtained Shannon diversity index of diversity in TayandoTam Islands ranging between 0.24 to 1.26 (Table 6). Based
on the criteria Shannon diversity index, the location of the
Tam island has the highest index value, which can be
interpreted Tam Island waters are still relatively moderate
and location diversity Tayando island have the lowest
index value relatively low category.
Evenness index is used to determine the abundance of a
community based on the degree of similarity several shoots
in an area, from the calculation of the index value evenness
Odum (1971) seagrass species in Tayando-Tam island
waters has a range of 0.7 to 1.63 (Table 6). Based on the
criteria of evenness Odum (1971), the highest evenness
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was found in Tam Island and evenness is the lowest in Vat
Islands. This shows that the Tam island addition to having
a relatively higher diversity compared to other locations,
Tam Island also have an evenness distribution pattern
seagrass.
Dominance Index is used to see how big a dominant
species in a region. The index value ranges between 0-1
domination of the greater value of dominance is indicated
the more likely their one dominant species population. The
observation and calculation of the index values obtained
dominance in the Tayando-Tam Island waters has a range
of 0.34 to 0.86. Domination lowest index value contained
in the Tam Island Waters at 0.34 which is included in the
low category, thus can be interpreted that in the waters of
Tam Island not found a certain species predominate in
these waters. The index value is the highest dominance in
the waters of Tayando Island at 0.86 which included a high
category, it can be interpreted that in the waters of Tayando
Island there is one type that dominates the region, which is
a type T. hemprichii
Based on the number of species found, diversity index
and dominance index than at 4 locations namely in the
waters of Tam Island can be said to have the most stable
communities, due to have a diversity index being (H '=
1.26), high evenness Index (E = 1, 63), a low dominance
index (D = 0.34) and which has the highest kind species
richness much as seven species.
To conclude, in the Tayando-Tam island waters
discovered seven species of seagrasses those are Enhalus
acoroides, Thalassia hemprichii, Cymodocea serrulata,
Cymodocea rotundata, Halodule pinifolia, Halophila
ovalis and Syringodium isoetifolium. The highest density of
seagrass is Halodule pinifolia at Tam Island with a value of
684.18 shoots/m2. Seagrass cover in these waters ranged
from 4.64 to 43.1%. Resource potential seagrass best with
the most stable community structure contained in the Tam
Island. Seagrass resources in the Tayando-Tam island are
good and the potential for biota the association, which is
supported by the quality of water is good for the growth of
seagrass.
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Abstract. Priyadi DA, Panjono, Bintara S, Hartatik T. 2017. The genotype of Brahman and Brahman Cross Cattle based on SNP in
Insulin-Like Growth Factor Binding Protein-3 (IGFBP-3) gene sequences. Biodiversitas 18: 795-800. The IGFBP-3 gene is a potential
marker of cattle growth, which is related to the functions that influence the growth, energy metabolism, reproduction and immunity. The
genome was isolated from whole blood samples of 10 Brahman cattle and 16 Brahman Cross cattle. Cattle IGFBP-3 gene that targeted
in this study was located in the part of intron 2, exon 3 and part of intron 3. The gene targets were amplified using specific primers by
Polymerase Chain Reaction (PCR) technique, resulting 563 bp amplification product. As data comparison to reveal the SNP, the
GenBank sequences (n = 14) from various breed and countries were used. The objective of this study was to reveal the SNP on the
Brahman and Brahman Cross IGFBP-3 gene. The results obtained 3 genotypes from one SNP that spread in the sample population. The
SNP was located in intron 2 at position 3,930 (GA). The Polymorphism could be recognized by PvuII restriction enzymes. There was
not enough evidence to associate the SNP with the phenotype (at pre-weaning age) of Brahman and Brahman Cross cattle. There was a
genetic diversity in the population studied. Knowledgeable SNP could be used as genetic markers for further research on Brahman and
Brahman Cross cattle.
Keywords: Brahman cattle, Brahman Cross cattle, genetic marker, Insulin-Like Growth Factor Binding Protein-3 (IGFBP-3), Single
Nucleotide Polymorphism (SNP)

INTRODUCTION
Increased productivity of beef cattle is one of the
solutions to answer the meet the increasing demand for
beef in Indonesia. Production performance cannot be
separated from cattle genetic factor. One of the gene
candidates on productivity is Insulin-Like Growth Factor
Binding Protein-3 (IGFBP-3). The IGFBP-3 gene in cattle
is located on chromosome four, consist of 4 introns and 5
exons (Kim et al. 2005), and the gene is approximately
8.407 bp length (GenBank; www.ncbi.nlm.nih.gov).
Growth trait in mammals are affected by various hormones,
one of them is Insulin-Like Growth Factor system (IGFs)
(Zhang and Steinle 2014). IGFs hormone functions and
capabilities are modulated by its binding protein, called
Insulin-Like Growth Factor Binding Protein (IGFBP). The
IGFBP family consists of six types of protein (IGFBP 1 to
6) that has four important functions, namely, to regulate
metabolism of IGF system, to indicate the path to location
of the specific tissue or an organ that will be addressed by
IGFs, to regulate the interaction between IGFs and their
receptors that would control the biological action, and to
act as a transport protein in the blood plasma IGFs which
regulates the discharge flow into the bloodstream
(Clemmons 2016).
The hormonal component of the mammalian growth
system include Growth Hormone (GH), Insulin-Like
Growth Factor I and II (IGF-I and II), and a protein that

binds growth hormone (IGFBP-1 to 6) with high-affinity,
as well as the growth hormone receptor (GHRHR, GHR,
IGF-IR and IGF-IIR) (Hjortebjerg and Frystyk 2013). Most
of the IGF-I hormones are bound by IGFBP-3, the
molecules are source of available hormone IGF-I in the
bloodstream,
stimulating
proliferation,
migration,
differentiation of cells (Hjortebjerg and Frystyk 2013;
Kessler et al. 2013; Nguyen et al. 2013), and apoptosis by
modulating gene transcription (Forbes et al. 2012).
According to Othman et al. (2014), IGFBP-3 can be used
as a marker for the function of growth, metabolism,
reproduction, immunity and energy balance in cattle. SNP
is a condition where the presence of a different nucleotide
constituent of a gene, and studies of SNP on IGFBP-3 gene
in sheep, goat, cattle and buffalo have been reported
(Rodríguez et al. 2013; Mahrous et al. 2014; Ramesha et al.
2015; Rasouli et al. 2016). SNP in the IGFBP-3 gene was
reported in Egypt cattle (Othman et al. 2014), Holstein and
Cross between Holstein-Haryana (Choudhary et al. 2007),
Hanwoo (Kim et al. 2005) and various Chinese cattle (Gao
et al. 2009; Liu et al. 2014). The presence of SNPs in
IGFBP-3 gene affected the phenotype appearance, body
weight gains (Choudhary et al. 2006; Rasouli et al. 2016),
IGFBP-3 serum concentration (Choudhary et al. 2007),
body circumference (Gao el at. 2009), and has been used as
a candidate gene for meat production (Mahrous et al.
2014).
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The study of IGFBP-3 gene has not been reported in
Indonesian cattle, or in Zebu cattle and their offspring in
Indonesia. This study was conducted on common
commercial cattle in Indonesia, which were mainly
Brahman and Brahman Cross. The objective of this study
was to identify the SNP in Brahman and Brahman Cross
cattle so that it can be used as a genetic marker for further
research.

MATERIALS AND METHODS
Samples collection
Twenty-six blood samples were collected from 10 of
Brahman and 16 of Brahman Cross cattle, which were
reared intensively at PT. Widodomakmur Perkasa farm,
Klaten, Central Java, Indonesia. The blood samples were
taken from the jugular vein using vacuum tubes (Venoject)
containing an anticoagulant K3EDTA. The samples were
stored in -20°C until they were processed for DNA
extraction.
DNA extraction
Isolation of DNA was performed using Extraction Kit
(Geneaid, Taiwan) in the Laboratory of Genetics and
Animal Breeding, Faculty of Animal Science, Universitas
Gadjah Mada, Yogyakarta, Indonesia.
Polymerase Chain Reaction (PCR)
Primer arranged based on 14 sequences of cattle
IGFBP-3 gene (GenBank accession No: KF899894,
AY306011, DQ536398, AY601888, AY338971, DQ536397,
JQ711181,
NC_0073302.6,
AC_000161,
U83465,
KF899893, DQ536399, AY3355439, AF305712), in order
to obtain primer; forward (5'-GCC TGG GTA TCC AGA
GAT CA-3') and reverse (5'-GAT GGT GCT CAC CTG
CTT TT-3') to amplify 563 bp DNA fragments gene
located in the part of intron 2, exon 3 and part of intron 3.
The sequences were also used as comparison data to reveal
the SNPs. Polymerase Chain Reaction performed in a total
reaction of 30 µL, containing 0.75 µL of DNA, 1.5 µL of
both forward and reverse primers, 15 µL PCR Kit (KAPA
BIOSYSTEMS, USA) and 11.25 µL aquabidest (Otsuka,
Indonesia). The reactions were performed using a thermal
cycle (PEQLAB Primus 25 advanced, Germany) with a
predenaturation temperature at 94°C for 5 minutes,
followed by 35 cycles of reaction; denaturation at 94°C for
1 minutes, annealing at a temperature of 56°C for 1
minutes and extension at 72°C for 1 minute, then the last
step was a final extension at 72°C for 5 minutes. The
quality of the PCR product was determined using gel
electrophoresis (2%), the thick and clearly DNA bands was
the preferred result (Lee et al. 2012).
Genotyping
The 30 µL/samples of PCR product and 20 µL of
primers were sent to the PT. Genetics Science, Indonesia,
for sequencing. A total of 34 sequences of IGFBP-3 genes
(10 Brahman cattle, 10 Brahman Cross cattle and 14
GenBank sequences (www.ncbi.nlm.nih.gov)) aligned

using Bioedit (version 7.2.5) to reveal the SNPs and to
determine the restriction enzyme that can recognize the
SNPs. Genotyping with PCR-RFLP method were used to
confirm the SNP in all samples. Three restriction enzymes
(PvuII, NlaIII and HaeIII) were used for PCR-RFLP, and
the cleavages were visualized by 3% gel electrophoresis.
Phenotype measurement
The phenotypes measured include birth weight,
weaning weight and Average Daily Gain (ADG). Birth
weight was measured within 24 hours after birth, and
weaning weight was measured in the age range of 6 months
then adjusted within 205 days. Birth weight and weaning
weight also adjusted to sex of calves and age of dam. ADG
was calculated by dividing the gain difference between
birth and weaning weight with age (days). To minimize
confounding factors may occur, similar management of
cows and calves and similar calf birth-time (seasons) were
used.
Statistical analysis
Data phenotype (birth weight, weaning weight and
ADG) compared to genotype data using One-Way
ANOVA statistical design. Genotype frequencies in
populations were analyzed using statistical examination
Chi-square to determine the status of the law of HardyWeinberg equilibrium.

RESULTS AND DISCUSSION
Recent studies have reported an association between
SNPs in IGFBP-3 gene with the economic trait on ruminant
livestock, including significantly correlated to the birth
weight, the body weight of 12, 18 and 24 months
(Choudhary et al. 2007), weaning weight and ADG from
birth to weaning (Rasouli et al. 2016), the chest width and
chest circumference (Gao et al. 2009), and the differences
in serum concentrations of IGFBP-3 as a result of the SNP
(Choudhary et al. 2006). This is due to the significance of
IGFBP-3 in the IGF-I regulation; they regulate the amount
of the IGF-I to their receptors. IGFBP-3 have their own
receptors or can penetrate the cell membrane and influence
intra-cell mechanism (Clemmons 2016). IGF-I is
proliferation agent and provides cell survivability. IGFBP3 as the major carrier protein of IGF-I is also active in
intracellular and be in action as anti-proliferative agent
(Baxter 2014). The presence of SNP in IGF-1 gene also
proved a significant effect on postnatal growth, mainly the
growth of muscles and bones (Yazdanpanah et al. 2013),
the milk fat content, and long days open
(Abdolmohammadi and Zamani 2014). The concentration
of circulating IGF-I have a significant effect on body
weight and Body Condition Score (BCS) (Mirzae and
Rezaei 2014). In the present study, the IGFBP-3 gene in 10
of Brahman cattle and 16 of BX cattle were isolated,
amplified (Figure 1) and 20 animals (10 Brahman and 10
BX) were sequenced then aligned with the comparator
reference sequence (GenBank) to reveal the SNP. All
animals were digested with three restriction enzyme to
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confirm the SNP. Brahman and BX cattle were selected in
this study due to their superiority, resistance to heat stress
and ticks, and have good growth than the common local
cattle (Porto-Neto et al. 2014), so they are potential for
further development in Indonesia. Brahman were
composite cattle which developed from crosses between
Bos indicus (Gir, Krishna Valley, Guzaret, Nellore) with
Bos taurus (Shorthorn) cattle. BX cattle were developed
from crosses between Brahman, Hereford, and Shorthorn
cattle with the blood proportion respectively, 50, 25 and
25% (Hardjosubroto 1994). The example of visualization
result of IGFBP-3 genes amplification (PCR product) can
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be seen in Figure 1; the thick and clearly DNA band
indicates the good quality of amplification.
From the 34 sequences were identified 3 SNPs that
spread in the most of the sequences (Figure 2). The SNPs
located in intron 2 at nucleotide base number 3,930, 3,996
and
4,177
based
on
the
NCBI
database
(www.ncbi.nlm.nih.gov) with the referenced sequence no.
AC_000161.1, that mentioned cattle IGFBP-3 gene has
8,406 bp of full-length sequence. Based on the similarity of
the SNPs, the 34 sequences can be divided into 7 genotypes
(Table 2). Brahman and BX cattle were split into 3
genotypes.

Figure 1. Visualization of PCR product by 2% electrophoresis gel; BX (lane 1-10); Brahman (lane 11-20)

Figure 2. Alignment of 34 sequences IGFBP-3 gene revealed 3 SNP; A. SNP-3,930 (G>A), recognized by PvuII, B. SNP-3,996 (A>C),
recognized by HaeIII, C. SNP-4,177 (G>A), recognized by NlaIII

A

B

C

Figure 3. Sequencing chromatography of genotype 3, double peaks indicating heterozygous gene and a single peak indicating
homozygous gene. A. SNP-3,930 heterozygous A/G, B. SNP 3,930-homozygous G/G, C. SNP-3,930 homozygous A/A
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The sequencing chromatogram showed double peaks
which indicate the presence of heterozygous genes (Figure
3). Double peaks are shown on genotype 3 in the
nucleotide number 3,930. Heterozygosity was also the
basis for determining the genotypes distribution. The
digestion results with specific restriction enzymes were
used as evidence of heterozygous genes which clearly
produced visible variations cleavages visualized by gel
electrophoresis.
The SNPs located in Brahman and BX IGFBP-3 gene
sequence were identified using restriction enzymes PvuII,
HaeIII and NlaIII, respectively (Figure 5). Although no
SNP-3,996 and 4,177 were found in Brahman and BX
cattle that were alignment (Figure 2), but the analysis using
three enzymes was still performed because the SNPs were
possible to appear in 6 unsequenced BX samples. As
shown in Table 2 and supported by previous research
(Choudhary et al. 2006; 2007, Cheong et al. 2008, Othman
et al. 2014), that SNP-3,996 and 4,177 have a tendency to
appear in Bos taurus cattle. Brahman and BX cattle were
Taurine influenced cattle so there is a possibility of the
SNPs on them.
The enzymes produced large size and specific among
other (Figure 4), so the determination of the genotype by
analyzing of the enzyme digestion results can easily be
done by identifying the DNA cleavages produced. The
information will be very useful for similar advanced
research that using the PCR-RFLP genotyping method.
Figure 4 illustrates the cutting position by the restriction
enzyme PvuII, HaeIII and NlaIII on IGFBP-3 gene in the
sample used which produce two types of digestion (x and

y) that establish three genotype combinations (Table 1).
Digestion cleavages with sizes above 100 bp will be easily
visualized by Agarose gel electrophoresis, so the three
genotypes can be identified by RFLP method which has the
advantage of being low cost, fast, simple, accurate and
reliable (Tabit, 2016). As shown in Figure 5, SNP-3,930
was revealed as evidenced by the variation of digestion
results using the restriction enzyme PvuII. While the SNP3,996 and 4,177 were monomorphic, as evidenced by
identical digestion results.
Three SNPs were in the intron 2 on the fragment gene
targeted and in sufficient detail were located at nucleotide
number 3,930 (SNP-3,930), produce AA, AG, GG gene
with the frequency were 23.08%, 42.31%, and 34.61%,
respectively. The allele frequencies at SNP-3,930 was A
(44.23%) and G (55.77%). Distribution of genotypes based
on the SNP in the sample population was consistent with
Hardy-Weinberg equilibrium (Table 3).

Figure 4. Restriction enzymes cutting site illustration that can be
divided into two types (x and y)

Table 1. Restriction enzyme mapping on 3 genotypes of IGFBP-3 gene that include Brahman and Brahman Cross cattle
Genotype
1 (x, x)
2 (y, y)
3 (x, y)

PvuII (CAG’CTG)
Site
Fragments size
2
84, 88, 391
1
84, 479
2
84, 88, 391
1
84, 479

A

HaeIII (GG'CC)
Site
Fragments size
5
166, 36, 18, 16, 199, 128
5
166, 36, 18, 16, 199, 128

NlaIII (CATG’)
Site
Fragments size
1
489,74
1
489,74

5

1

166, 36, 18, 16, 199, 128

B

489,74

C

Figure 5. PCR-RFLP visualization with gel electrophoresis (3%). Targeted sequence IGFBP-3 (563 bp) digested with three restriction
enzymes: A. PvuII; showed three type of cleavage on SNP-3,930, B. HaeIII; monomorphic on SNP-3,996, C. NlaIII, monomorphic on
SNP-4,177. M= marker ladder 100 bp, PCR = PCR product
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Table 2. Distribution of genotypes based on the SNPs
Genotype

Cattle breed

1

Brahman
BX

n=4
n=2

6

2

Brahman
BX
Bos taurus: GenBank KF899894.1,
DQ536398.1, AY306011.1, AF305712.1,
U83465.1
Bos indicus: GenBank AY601888.1,
AY338971.1

n=1
n=8
n=5

16

3

Brahman
BX

n=5
n=6

4

Bos taurus: GenBank NC007302.6, JQ711181.1,
AC000161.1
Bos taurus: GenBank DQ536399.1,
AY355439.1
Bos taurus: GenBank KF899893.1
Bos taurus: GenBank DQ536397.1

5
6
7
Total

n
total

n=2

11

3
2
1
1
40

Table 3. Genetic equilibrium based on SNP-3,930 on Brahman
and BX cattle

Breed

Genotype

AA
Brahman Observed 4
Expected 4.23
BX
Observed 2
Expected 1.56
Note: X2 value < X2
Weinberg equilibrium

AG
5
4.55
6
6.88
0.05;1

Allele
frequency
A
G
65.00 35.00

X2
GG
1
0.97
1.23
8
31.25 68.75 0.26
7.56
(3.841)= consistent with Hardy-

Table 4. Correlation between genotype and birth weight (BW),
weaning weight (WW) and average daily gain (ADG) of Brahman
and BX cattle
Genotype

n

BW

Mean
WW

799

The SNP on nucleotide number 3,996 (A>C) has been
widely reported (Choudhary et al. 2006; Cheong et al.
2008; Othman et al. 2014), and has been confirmed to exert
a significant effect on the economic traits of cattle
(Choudhary et al. 2006). SNP-3,930 and SNP-4,177 have
not been reported and the phenotypic correlations are still
unknown. The SNP was located in the intron, so they did
not cause amino acid changes (silent polymorphism). But
intron also has important function such us, it is known that
intron has direct role in regulating gene expression, rate of
transcription, gene translation, level of post-transcriptional,
also determine the fate of RNA molecule, the stability of
RNA, efficiency of translation, and subcellular localization
(Barrett et al. 2013). Intron has also an indirect role as
shown by the correlation of intron length with the
efficiency of natural selection and is known to provide a
source of new genes, and several kinds noncoding
functional RNA. Mutation in the intron can produce
disease-associated allele or trait-associated SNP (Jo and
Choi 2015). It can be inferred that SNP in the intron region
is also important.
The presence SNP in the IGFBP-3 gene was no
correlated to the phenotypes (Table 4). This SNP has not
been reported in previous research. IGFBP-3 gene has been
investigated on small ruminants such as goats and sheep
much more than in cattle. Eight SNPs have been detected
in exon 2 of IGFBP-3 gene, 6 of them produce nonsynonymous protein coding or non-synonymous mutation
(Sharma et al. 2014) which can lead to a significant
metabolic abnormality that is desirable or not desirable
(Veneroni-Gouveia et al. 2015; de Camargo et al. 2015).
IGFBP-3 gene expression was higher in the liver and
longisimus dorsi muscles, thus contributing to the
development of these organs (Zhang et al. 2015), increased
ADG from birth to weaning and weaning weight (Rasouli
et al. 2016), but there is not enough evidence to suggest
that SNPs are associated with milk production (Zhou et al.
2016).
In conclusion, this study revealed one SNP in the
IGFBP-3 gene of Brahman and Brahman Cross that were
located in the intron 2 at nucleotide number 3,930. The
SNP can be as a marker candidate for growth for further
research on Brahman and BX cattle. SNP can be identified
by restriction enzyme PvuII. This information will be
useful for further similar research.

ADG
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Abstract. Saputro TB, Sholihah NF, Ermavitalini D. 2017. Dynamics expression of Osr40c1 gene and growth of maize (Zea mays)
calluses in responding to salt stress. Biodiversitas 18: 801-808. Maize (Zea mays L) is one of the most planted cereal plants worldwide.
The demand of maize plant is increased over the years since its various usage in industry. Unfortunately, the production rate does not
meet the demands caused by the significant reduction of plantation area for housing and the others building. The marginal saline soil
area can be a promising area to grow the maize although contains a high amount of salt. The high concentration of salt can significantly
reduce the plant growth and productivity. The aims of this study were to determine the tolerant level of Manding and Bluto varieties
against salt stress. There were two main stages on this research. First, callus induction through in vitro culture (MS0 + 2,4-D 3 mg/L),
then the calluses were subcultured on the selection medium (MS0 + 2,4-D 3 mg/L + NaCl concentrations (0, 2500, 5000 and 7500
mg/L)). Second, Q-PCR analysis was used to observe the differences of gene expression level. The result shows that NaCl stress can
alter the color of callus, from yellow to brown. The percentage of surviving callus was 100% in both varieties, although the callus
weight decreased along with the increment of NaCl concentrations. In 7500 mg/L, Manding has 0.023 g in fresh weight, while Bluto
0,027 gr. Interestingly, the expression of Osr40c1 gene showed different level between those two varieties. Manding had only 0.82 fold,
while Bluto had 4.86 folds compared with the control. Taken together, Bluto has a better performance in high content of NaCl.
Keywords: Gene expression, in vitro selection, NaCl stress, Zea mays

INTRODUCTION
Maize or corn (Zea mays L.) belongs to the family of
Graminaceae (Iriany et al. 2008), which is one of main
foods and essential commodities in agribusiness (Kuruseng
and Farid 2009). The yield of maize is important in
improving the agricultural economy in the world
(Balkrishna and Shankarrao 2013). Department of
Agriculture (2005) explained that in the next 20 years, the
total usage of maize is expected to continue to increase. On
the other hand, the conversion of agricultural land into
residential area causes these needs will be difficult to
fulfill. The problem can be overcome by planted maize in
marginal land including saline soils that are the largest
marginal land in Indonesia.
Saline soils in the world include “salt marshes” in dry
regions and tidal areas; both can be found in the subtropical
and tropical regions. It is estimated that between 400-900
million hectares of land in the world has a problem of
salinity. Since Indonesia is an archipelago country, it has
many shorelines that have a great potential to extend the
area of agriculture. However, the main challenge of this
soils will be the high content of salt.
Salinity is one of the main limiting factors which
capable of causing a decrement in growth and productivity
of plant species (Flowers 2004). Suwignyo et al. (2009)
reported that salinity has a negative effect on several
parameters including plant height, leaf number, leaf area,
dry weight, root length and chlorophyll content on three
varieties of maize, namely Arjuna, Bhisma, and

Sukmaraga. High concentration of salt can affect plant
physiology, such as increases respiration rate, ion toxicity,
changes in plant growth, mineral distribution, disrupting
membrane permeability and decreases the photosynthetic
rate (Ashraf and Foolad 2007).
Based on this reasons, it is necessary to analyze the
tolerance level of local Indonesian maize against salinity
stress. Two local maize were used in this research were
Manding and Bluto, both varieties were showed the ability
to stand in Madura island which is well known for its high
content of salt. Local maize has a great demand, especially
for food, because it is more durable in storage periods
parameter (Arifin et al. 2010).
The aims of this research were to observe the tolerant
level of Manding and Bluto clones. Badami and Amzeri
(2011) explained that in vitro selection is one of the
effective technique to select the varieties maize that
tolerant to salinity stress with appropriate selection media.
Through in vitro selection, it will be able to obtain varieties
that have superior tolerant properties to salinity condition
without any others environmental factor that affects the
result (Rosas et al. 2003). The usage of tissue culture can
help to be more focus on the physiological and biochemical
mechanism without any environmental influence. Plant
culture through in vitro culture is proper and reliable
technique compared to traditional propagation methods
because it leads to the production of disease and virus-free
plants. Moreover, it allows the production of a high number
of plants, in a short period and limited propagation space.
In addition, rapid multiplication rate of plants that are
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difficult to propagate conventionally can be easily achieved
through in vitro culture (Al- Ajlouni et al. 2012). In
addition, this research also analyzed the expression levels
of salt-responsive genes. Salt-responsive gene is a group of
an inducible gene that will be expressed when the plant is
exposed to high salt concentration. The aims of this
research are to evaluate the response of plant's growth, the
resistance level of callus and the level of gene expression
of Manding and Bluto varieties against salinity stress.
MATERIALS AND METHODS
Experimental design
This research was conducted using completely
randomized design (CRD) with three replication. While the
observation was made during 28 days for callus induction
and 28 days for in vitro selection.
Sterilization of explant
The kernels of maize were used as explants. The entries
used in this research are local varieties from Madura island
including Manding and Bluto. For surface sterilization of
explants, the kernels were washed in running water for 15
minutes, then soaked in a soap solution (active compounds:
sodium alkyl benzene sulfonate 12%, sodium lauryl ether
sulfate 5%, 0.75% cocoamido-propyl betaine, sodium
salicylate 0.5%) and stirred for 30 minutes. Furthermore,
the explants were soaked in an 2 grams/L of antifungal that
solved in distilled double distilled water (active
compounds: propinep 70%) for 30 min, and then followed
by soaking in 5.25% NaOCl solution for 5 min, 70%
alcohol for 10 min, and finally rinsed in sterile aquadest 3
times.
Callus induction
MS0 Medium supplemented with The induction of callus
used medium MS0 (Murashige and Skoog) added with
PGR (plant growth regulator) 2,4-D 3 mg/L were utilized
to induced callus. First, the explants that have been surface
sterilized were split into two parts, with each part contain
an embryo. Then, the explants inoculated into culture
bottles jar/chamber that contains medium. After inoculation
process, the explants were incubated in the culture room in
the dark conditions for 28 days at 25oC± 2oC (Balkrishna
and Shankarrao 2013), and every two weeks, the explants
were subcultured into a new medium with the same
composition.
In vitro selection
The formed calluses were subcultured into selection
medium MS0 + 2,4-D 3 mg/L + NaCl (0, 2500, 5000 and
7500 mg/L) and incubated for 28 days in a culture room
with dark conditions. In this research, the selection of local
maize was conducted through in vitro culture.
RNA extraction
RNA extraction was conducted after the callus treated
with NaCl for 28 days. RNA minikit (plant) (GeneAid)

were utilized to extract the total RNA. Total RNA
extraction began by cutting the fresh or frozen callus as
much as 80-100 mg. Only callus from non-treated with
NaCl 0 mg/L (control) and surviving callus from NaCl
7500 mg/L. were used as a material for RNA extraction.
The sample was grinded in liquid nitrogen to obtain a fine
powder and transferred into 1.5 ml microcentrifuge tubes.
Then followed by a series of steps based on kit procedure.
RNA extraction can be used immediately and stored at80°C. The quantity of RNA was determined by using
Scientific TM Thermo NanoDrop 2000, and the quality
was tested by an electrophoresis method. The
electrophoresis was running on 0.8% agarose gel for 20
minutes 100 volt.
Quantitative Real Time-PCR (qRT-PCR)
The extraction of RNA for qRT-PCR used KAPA
SYBR® FAST One-Step qRT-PCR Kit and the procedures
were performed by the kit. In this study, Osr40c1 gene was
used as the target gene (accession number: X95402) and
the actin gene (accession number: NM_0011136991) as a
reference gene; then they were searched for the sequences
obtained from NCBI (The National Center for
Biotechnology Information). For Osr40c1 gene sequences,
it was used a forward primer: 5'-AAG AGC TTC CGC
CGC TGC ATT-3' and a reverse primer: 5'-TTC AAG
CAC TGG TTG TCG CCC-3', while for an actin gene
sequences, it was used a forward primer: 5'-TCG TGC
CTG ACT TTG GTG ACG-3' and a reverse primer: 5'GTC GTG GTG AAG GAG TAA CCC-3'. PCR reaction
used a Qiagen Rotor-Gene. Furthermore, the amplification
could be observed in the chart that appears as a result of the
accumulation of fluorescence of the probe (marker). Then,
the data of Quantitative PCR results were analyzed by
using a relative calculation of 2-∆∆CT method to measure the
difference of gene expression level in the treatment of
NaCl 0 mg/L and NaCl 7500 mg/L.
Observation of parameters
Morphology of callus. The parameters of callus
morphology consisted of color and texture of callus. The
color of callus was generally white, yellow, purple, green
and brown to blackish (Santoso and Nursandi 2003).
Meanwhile, the texture of callus could be distinguished by
a textured-compact callus (non-friable), friable and
intermediate callus (a blend of compact callus and friable
callus) (Sugiyarto and Kuswandi 2014).
Percentage of surviving callus. The observation of
percentage of surviving callus was conducted with the
following formula (Htwe et al. (2011):
% surviving callus = No. of tolerant callus x 100%
No. of inoculated callus
Callus weight gain. Callus weight gain was measured
by weighing the fresh callus weight before selection (initial
weight) and after the selection of callus (final weight). The
data of callus weight can be simply obtained by applying
this following formula:
Callus weight gain = final growth-initial growth
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Analysis of gene expression. Data were analyzed by a
quantitative PCR with 2-∆∆CT method. The 2-∆∆CT method
was performed after amplification process at Q-PCR
process completed. The 2-∆∆CT method is an easy way to
analyze the relative changes in gene expression as the
results of real-time amplification using RT-PCR. To get the
value of the targeted gene of mRNA expression levels, the
necessary steps to calculate is formulated as follows as
follows (Kenneth and Thomas 2001):
Normalization of CT (target gene) to CT (reference gene)
ΔCT (cal.) = CT (calib. target)-CT (calib. reference)
ΔCT (exp.) = CT (exp. target)-CT (exp. reference)
Normalization of ΔCT (exp. sample) to ΔCT (calib. sample)
ΔΔCT = ΔCT (exp. sample)-ΔCT (calib. sample)
Calculate the ratio of gene expression
The ratio of expression = 2-∆∆CT
Note: CT = Threshold cycle, calib = calibrator, exp =
experimental
Data analysis
The observation data of morphological callus, the
surviving callus percentage and the level of gene
expression were analyzed qualitatively. The data of callus
weight parameter was analyzed using ANOVA (analysis of
variance) with one factor at a confidence level of 95%. If
ANOVA test results showed “p-value” ≤ 0.05, it would be
continued to a Duncan test at 5% significance level by
using SPSS Statistic Software 24.0 version.
RESULTS AND DISCUSSION
Effect of variation of NaCl concentrations on callus
morphology
Callus formation was obtained through callus induction
phase. Callus was subcultured on selection medium
containing NaCl concentrations i.e. 0, 2500, 5000 and 7500
mg/L. This phase was carried out for 28 days or four
weeks, the callus morphological changes of callus were
observed once every 7 days. The condition of callus
morphology of Manding and Bluto varieties was shown in
Figure 1. The callus induction stage in this study used PGR
2,4-D 3 mg/L. Since the addition of 2,4-D in the culture
medium stimulates the cell division and the enlargement of
explants, it can stimulate the formation and the growth of
callus (Sugiyarto and Kuswandi 2014). Based on (Sholihah
and Saputro 2015), the usage of 4 mg/L of 2,4 D were
successfully induced the maize callus.
The morphological difference is one of plant response to
NaCl stress. The similar result was shown by (El-Meleigy
et al. 2004), where callus treated with NaCl had a brown
color and a compact texture. Since when it was exposed to
NaCl stress within a certain period, the physiological
function of the cells will tend to decrease on a regular basis
and then the cells will experience death (necrosis) if not
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able to adapt to high NaCl conditions (Turkmen et al.
2002). According to (Arianto et al. 2013), a good callus has
a crumb texture because it is easily split off into single
cells. Callus treated with NaCl stress has a crumb sticky
texture. According to (Bariyyah 2015), this is due to the
accumulation of Na+ and Cl-ions that overload in the cell
and followed by the inability of cells to regulate the
concentration of ions in the cytoplasm resulting in the cell
plasmolysis.
Based on the observations, the results showed that the
alteration of callus color occurs in a medium added with
NaCl, especially at a 7500 mg/L NaCl. The most visible
morphological change is the alteration of callus color, both
on Manding and Bluto varieties. In Manding variety, the
callus treated with NaCl 0 mg/L had a white color to
yellow and the crumb and compact texture. Meanwhile, the
callus of Bluto variety had a yellow color to green with a
crumb texture. This result showed very obvious
morphological differences of callus by NaCl stress,
especially on the color of callus treated in 7500 mg/L
NaCl. Callus of Manding had a yellow-brown to light
brown color and a crumb texture up to intermediate, while
callus of Bluto had a white-yellowish to white-brown color
and a crumb texture up to compact.
Besides the texture, the observations were also
conducted on alteration of callus color. The color change
indicates a change in the growth phase of cells and the
regeneration of cells (Arianto et al. 2013). The white callus
is an embryonic tissue that not contain chloroplasts but has
a high content of starch grains (Tsuro 1998). The white
color indicates the cells that are actively dividing, while the
young yellow or yellowish white color showed the cells
that are growing to the active division phase (Arianto et al.
2013). Green callus indicates the presence of chlorophyll in
the tissue (Andaryani 2010) and brown callus is alleged
because of their phenolic compounds which are toxic to
cells. Synthesis of active compounds such as phenol is
included in the response of plants to the salinity stress. The
salinity stress will disrupt the pathway of several plant
secondary metabolites pathway and increase the role of the
phenolic compounds (Djukić et al. 2013). However, the
phenolic compounds are toxic to cells, which can cause the
cell death and make the callus turned into brown in color.
The color change to brown occurred as well as the
activity of the copper-containing oxidase enzymes such as
polyphenol oxidase and tyrosinase (Hutami 2008).
According to Laila and Savitri 2014, phenol is oxidized
form of quinone, which is a compound that causes the tan
color on callus culture. The intensity of the brown color is
positively correlated with the hyperactivity of oxidative
enzymes. The increase in these enzymes associated with
the defense reaction of tissue from oxidative stress caused
by the accumulation of Na+ and Cl-ions overload in the cell,
thereby causing ion toxicity and osmotic stress.
Furthermore, these conditions will lead to the increment of
reactive oxygen species (ROS), which eventually will lead
to oxidative stress (Abdin et al. 2002).
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Figure 1. The callus morphology of Manding variety (left) and Bluto variety (right) at different NaCl concentrations. Note: A. 0 mg/L,
B. 2500 mg/L, C. 5000 mg/L, and D. 7500 mg/L

Table 1. The effect of NaCl concentration variation to the
percentage of surviving callus on Manding and Bluto varieties.

Varieties

The percentage of surviving callus (%) in
NaCl concentration variation
0 mg/L
2500
5000
7500
mg/L
mg/L
mg/L

Manding

100

100

100

100

Bluto

100

100

100

100

The result shows that the greenish callus turns into
yellow. This condition indicates a decrease of chlorophyll
content in the callus cells. The salinity stress may affect the
reduction in chlorophyll content due to the increased
activity of the enzyme chlorophyllase caused by reducing
absorption of Mg and Fe ions that are involved in the
formation of chloroplasts (Al Shorafa et al. 2014). Mg2+ ion
also acts as an enzyme cofactor and plays an important role
in the export process of photosynthesis, and can prevent the
degradation of chlorophyll by increasing the activity of
RuBP carboxylase oxygenase enzyme (Ramezani et al. 2011).
Effect of variation in NaCl stress concentrations on
percentage of surviving callus
The details percentage of surviving callus incubated for
28 days in various NaCl concentrations was shown in
Table 1. In this study, callus was able to stand and survive
to any treatment. This condition was demonstrated by the
percentage of surviving callus reaches 100% in each
treatment.

Callus was able to survive in the medium with the
treatment of NaCl in tested concentrations i.e 0, 2500, 5000
and 7500 mg/L in 28 days through the defense and
tolerance mechanisms with different response to each
callus. Nonetheless, it was still possible the salinity stress
may cause a reduction in growth rate and the mortality
callus tissue when exposed over a month (Queiros et al.
2007). Summart et al. 2010 stated that the salinity stress
with a particular concentration leads the slow growth of
growth.
Several adaptation mechanisms will be developed by
the plant in high NaCl condition. Betaine, free amino acids,
soluble carbohydrates, and proline are several well-known
compounds that protect the plant against salinity (AlShorafa et al. 2014). Such compounds will provide the
protection to plants from the effects of stress through the
different mechanisms. Furthermore, the mechanism can be
single or a combination of cellular osmotic balance,
detoxification of reactive oxygen species maintains the
membrane integrity and stabilizes the enzyme or protein
(Ramezani et al. 2011).
Plants that exposed with high salinity showed the
accumulation of proline. Proline is a signaling molecule/
regulatory, which can activate the response to salinity
stress adaptation process, as well as an osmoregulators
(Ashraf and Ooraj 2006). Soluble carbohydrate will also
accumulate when a decrease in the level of CO2
assimilation in drought stress, which has a role in balancing
the osmotic regulation, it also acts as a metabolic signal of
NaCl stress treatment (Chaves et al. 2003). In addition, the
cell will produce antioxidants and enzymes such as
superoxide dismutase (SOD), APX (ascorbate peroxidase)
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and catalase that act to recover callus from the effects of
osmotic stress Quesada et al. 2003). Superoxide dismutase
(SOD) system is the first defense in tackling the damage
caused by AOS to catalyze O2 into H2O2. Ascorbate
peroxidase (APX) plays an important role in the
detoxification of H2O2. APX is contained in the chloroplast
stroma, the thylakoid membrane, micro entities, the
cytosol, and mitochondria. Catalase is an enzyme that
serves to catalyze the decomposition of H2O2 into water
and oxygen (Rao and Prabhavathi 2012).
Some tolerance mechanisms explained, can help plants
to survive on NaCl stress. As reported by (Bariyyah 2015),
that the criteria of resistant callus to NaCl stress is the
callus that capable of living on a saline medium, callus
color is white to yellow-brown, has a friable structure and
able to grow in enlargement and cell division, thereby
affects the volume of callus and the percentage of callus
proliferation.
Effect of variation of NaCl concentration on callus
weight gain
The callus weight was calculated from the difference
between the weight of callus before subjected to selection
medium and callus weight after 28 days of incubation. The
influence of NaCl concentration on callus weight was
analyzed using One-Way ANOVA test. If the results of
ANOVA test showed a significant effect (the Significance
≤0.05), it proceed to a Duncan test with a confidence level
of 95% (α = 0.05). The effect of NaCl concentration
variation on weight gain callus of Manding and Bluto
varieties were shown in Table 2.
Based on the results of ANOVA analysis, the variations
of NaCl concentration were significantly affected to the
callus weight gain of Manding with the significance of
0.053 (>0.05). Meanwhile, on Bluto variety, the variations
of NaCl concentration had a significant impact on the
callus weight gain with the significance value 0.001
(<0.05). As shown in Table 2, the higher concentration of
NaCl was followed by callus weight loss. The lowest
weight gain callus was obtained at the highest NaCl
concentration treatment, i.e. 7500 mg/L. Both Manding and
Bluto, they had the same callus weight at 7500 mg/L NaCl
stress. The callus weight of Manding variety in the highest
concentration of NaCl was decreased to 93% compared
with controls, whereas the Bluto callus decreased to 87%
compared with control. The details of callus weight decline
can be seen in Figure 2.
Based on the ANOVA analysis, the result of callus
weight measurement shows not significant. The increasing
concentration of NaCl was not followed by a decrease in
callus weight significantly. The phenomenon caused by the
level of NaCl stress tolerance depends on the genotype.
Thus, the different callus on the medium with the same
concentration will have a different response (Summart et
al. 2010). The decrement of callus weight was inclined
following the increment of NaCl concentration on each
variety. Sholihah and Saputro (2015) report the same
results, the salinity stress decreased the callus weight of
Manding variety up to 83% compared to control.
Untreated callus with NaCl (control) had a greater
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callus weight compared with a NaCl treated-stress. The
fresh weight of large callus without NaCl treatment caused
by the optimum absorption of water through the cells. The
fresh weight depends on the speed of cells to divide and
multiply to be callus (Rahayu et al. 2003). Meanwhile, the
decrease of callus weight gain can occur because of salinity
stress, the imbalance absorption of water and nutrients, and
the inhibition of metabolism due to the imbalance disorder
of ion and osmotic effect. The decline in the growth of
callus is a common phenomenon that occurs when the plant
was exposed to salinity.
Callus requires more energy to held a normal
metabolism and causing the decrease of growth as the final
impact (Ubudiyah 2013; Yunita et al. 2014). The energy
generated seems to be more widely used to set the
adjustment of osmotic pressure and it will have a negative
impact on the cell mass (Babu 2007). Moreover, callus
weight loss can be caused by a water deficit in plant cells.
Water shortage phenomenon due to the accumulation of
NaCl on the planting media. The high concentration of
NaCl in media leads to the decrement of water potential in
media that will drive water out of the cell. Hence, in plants,
it will suffer a water deficit and a lower turgor pressure.
The impact of water deficit will have a significant
influence on the growth of callus since water is a major
factor in the physiological processes of plants (Li et al. 2006).
Table 2. The effect of NaCl concentration variations on callus
weight gain on Manding and Bluto varieties
Varieties

NaCl concentration
(mg/L)

Callus weight
(gram)

Manding

0
0.360
2500
0.120
5000
0.030
7500
0.023
Bluto
0
0.207
2500
0.053
5000
0.043
7500
0.027
Note: The values followed by the same letter in the same column
of each variety showed no significant difference in a Duncan test
with a significance level α = 0.05

Figure 2. Interaction of NaCl concentration effect to callus
weight gain of Manding and Bluto varieties

B I O D I V E R S I T A S 18 (2): 801-808, April 2017

806

Table 3. Osr40c1 gene expression levels of qPCR analysis results
Varieties
Manding

Ct

Ct Value

∆Ct (Ex.)

∆Ct (Con.)

∆∆Ct

TE
HE
TC
HC

21.33
20.31
19.84
19.10

1.02

-

0.28

-

0.74

Expression Fold Change
(2^ (-∆∆Ct))
0.823

Bluto

TE
18.55
-1.76
-2.28
4.857
HE
20.31
TC
19.62
0.52
HC
19.10
Note: TE = Target gene experimental), HE = housekeeping gene experimental, TC = target gene control, HC = housekeeping gene control

Salinity stress can also decrease the levels of K+ and
Ca2+, while Na+ ions increase. It had been reported
previously that K+ and Ca2+ ions play an important role in
maintaining osmotic balance also regulate the opening and
closing of stomata (Hirschi 2004). According to (Summart
et al. 2010), the high content of Na+ ions in cells inhibits
decision K+ leads to an increased ratio of Na+/K+, so the
balance of ions in the cell will be disturbed and damage the
structure and function of membrane integrity. The excess
of Na+ and Cl- contents in the extracellular can also inhibit
the absorption of nitrogen assimilation of nitrate (NO3)
which essential for plant growth (Yuniati 2004). The
accumulation of Na+ and Cl-ions is overload in the cell
causing ion toxicity and osmotic stress. Furthermore, these
conditions will lead to an increase in a reactive oxygen
species (ROS), which eventually will lead to oxidative
stress (Abdin et al. 2002). Oxidative stress may cause the
death of cells (necrotic) because of not able to adapt to
NaCl stress conditions (Turkmen et al. 2002), which can
cause a weight loss of callus on NaCl stress.
Analysis of salt responsive gene expression (Osr40c1)
There were two approaches to the analysis of gene
expression levels in qPCR results. Those two approaches
are absolute and relative calculations (Kenneth and Thomas
2001). In this experiment, we used a relative calculation to
measure the gene expression rate. The relative calculation
was conducted by simple comparison between the
expression level of the target gene with housekeeping gene,
both in callus treated with NaCl (test) or callus without
treated NaCl (control). The callus analyzed its gene
expression is only the callus treated with 7500 mg/L NaCl
and callus without treated (NaCl 0 mg/L). The calculation
of gene expression used qPCR results data in the form of
CT value (threshold cycle) which was a point in time or
cycle where the fluorescence of the target PCR
amplification was first detected (Wong and Juan 2005),
then CT value obtained was analyzed by using the 2-∆∆CT
method. The target genes analyzed included Osr40c1 and
actin as a housekeeping gene. The analytical results were
shown in Table 3.
Based on the calculation results in Table 3 showed that
the Osr40c1 gene expression level of Manding variety

treated with NaCl as much as 0.82 fold compared without
NaCl. The Osr40c1 gene expression level on a Bluto
variety treated with NaCl increased as much as 4.86 folds
compared without NaCl. The level of gene expression
indicated that the salinity-responsive gene in callus would
be increased to reduce the impact of NaCl stress as a
defensive response. The expression of salinity-responsive
genes will overcome the effects of stress due to salinity, so
the plants can adapt and survive.
The level of Osr40c1 gene expression in callus of Bluto
variety was higher than in callus of Manding variety. The
level of gene expression of several inducible genes shows
the survival rate of the plant to adapt to high salinity
environment. The level of gene expression depends on the
duration of stressing time, the stress level and the degree of
severity of crops due to stress (Moons et al. 1997). The
expression of Osr40c1 gene will increase the resistance to
stand in NaCl stress.
Osr40c1 gene is one of the salinity-responsive genes.
Besides Osr40c1, other salinity-responsive genes are SOS
gene (salt sensitive overlay), NHX, AVP, PAR, AAPK,
PKS3, P5CS, OTS, IMTI, MT1D and others (Munns 2002).
Osr40c1 gene is an osmotic stress-responsive gene which
can be expressed on salinity stress, induced by the
accumulation of ABA (abscisic acid) hormone and
translated into proteins putative r40c1 (Osr40c1), and has a
molecular weight of 40 kDa (Dooki et al. 2006). Osr40c1
protein can be found in the plasma membrane of young rice
roots gripped in salinity (Huang et al. 2006).
Osr40c1 gene is included Osr40 gene family which is
responsive genes to ABA and salinity stress first
characterized by (Moons et al. 1995). In a report of
Riccardi et al. (1998), it also identified a protein of the
same type in maize treated in water shortages and
associated with the dehydration tolerance mechanisms
(Riccardi et al. 2004). This gene acts to ameliorate the
effect of osmotic stress, such as detoxification of ROS
(Veeranagamallaiah et al. 2008). It can also reduce the
process of wilting. This indicates that this gene as the
osmoregulation gene and unresponsive to the impact of the
gripped in the long term. The protein of Osr40c1 also can
regulate the prevention of loss of water in the cell and the
rigidity of the cell wall (Dooki et al. 2006).
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A saline condition in the growing media is a result of
the accumulation of salt in a high concentration, such as
NaCl. NaCl salt in excessive planting medium will cause a
decrease in soil water potential and the water potential in
higher plants will trigger the release of water from plant
tissue to outside soil or growing media, so the plants lose
the turgor pressure and water deficit. It is due to the high
concentration of Na+ and Cl-ions will disrupt the membrane
permeability, resulting in Na+ and Cl-ions can enter into a
tissue of cells. The accumulation of Na+ and Cl-ions
overload in the cell will give a signal of salinity stress in
plants (Salisbury and Ross 1995).
Salinity stress may induce the activation of many genes
in ABA biosynthesis. ABA is one of the phytohormones
that has a key role in plant defense activity against many
environmental stresses. Chinnusamy et al. (2004) reported
that several genes that involved in ABA synthesis were
activated during the salt treatment. Further accumulation of
ABA will be able to induce an osmotic stress-responsive
gene expression, i.e. through the ABA-dependent pathway,
such as the DRE and Osr40c1 genes. In addition, those
induced the expression of genes that not responsive to
salinity through the ABA-dependent pathway, called the
ABA-independent pathways, such as SOS and MYC (Tuteja
2007).
All in all, it can be concluded the performance of callus
were affected by NaCl stress in both varieties Manding and
Bluto. In control, the callus performance was dominated by
a white color and a crumb texture, while in NaCl treatment
dominated by a brown color and a crumb texture. The
percentage of surviving callus were 100% in each treatment
in both varieties. The callus weight on both varieties
decreases in line with an increment of NaCl. Callus of
Manding variety was declined as much 93% and Bluto
variety was 87% compared with control. A big
differentiation in the level of Osr40c1 gene expression
occurred on both varieties. The level of gene expression in
Manding variety was 0.82 fold compared with control.
Furthermore, the level of Osr40c1 gene expression on
Bluto variety was 4.86 folds compared with control. Based
on the observations of some parameters, it showed that the
resistance level of Manding and Bluto to the high
concentration of NaCl was different. Bluto variety showed
more tolerant than Manding variety.
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Abstract. Rohyani IS, Ahyadi H. 2017. Short Communication: Diversity and abundance of soil insects at Jeruk Manis Protected Forest
in East Lombok (Indonesia) using several trapping methods. Biodiversitas 18: 809-812. Insects are the most successful organisms
because it can live in almost all types of habitats, namely water (freshwater and sea), land, air, and even in both hot and cold climates.
Identification of soil insects in a certain type of habitat requires practical, easy, inexpensive, and efficient collection methods so as to
obtain high abundance and diversity of soil insects. This study aims to analyze the diversity and abundance of soil insects using several
trapping methods in Jeruk Manis Protected Forest in East Lombok. There are five trapping methods applied in this study; (i) pitfall trap,
(ii) pitfall traps with bait, (iii) yellow pan traps, (iv) soil sampling, and (v) forest floor collection. The findings show that the overall
diversity of soil insects in Jeruk Manis Protected Forest is moderate (1.44), while its evenness level is low (0.48). Soil sampling method
provides diversity value of 2.36 and evenness level of 0.89, which is also the highest one among the other methods. Pitfall traps with
bait give high individual number of soil insects (10.577 individuals). The highest number of soil insect orders is obtained through forest
floor collection with 11 orders, while the highest number of soil insect families is obtained through pitfall trap with 30 families. The taxa
of soil insects with relatively highest abundance consecutively are Hymenoptera (Formicidae), Collembola (Isotomidae,
Entomobryidae), Coleoptera (Hydrophilidae, Ptiliidae, Scarabeidae), and Diptera (Drosophilidae).
Keywords: Abundance, diversity, Jeruk Manis Protected Forest, soil insects, trapping methods

INTRODUCTION
Protected forest, in general, has a very important
function in the protection of life support system to regulate
the water system, prevent flood, and maintain soil fertility.
Jeruk Manis Protected Forest is at the height of ± 30 m asl.
It is located in the southern part of Mount Rinjani National
Park and is included in the development areas of national
park management region II section of East Lombok. The
area has abundant natural resources such as natural
panorama with a very beautiful waterfall which makes it
one of the tourism objects frequently visited by the public.
Jeruk Manis Protected Forest is one of the habitats for
langurs and eagles which are thought to be the largest
population in Rinjani (Rinjani Mountain National Park
2015). Abundant natural resources have a high diversity of
organism. The fertile area which is rich in organic materials
makes the habitat favored by arthropods. According to
Gibert and Deharveng (2002), soil arthropods diversity will
form a complex food web in a soil ecosystem which has
sufficient organic materials.
The insect is one of the classes in Phylum Arthropoda
which is the most dominating one in its phylum. According
to Ross et al. (1982), the number of insects is eleven times
more than the number of other species in arthropods. Soil
Insects is one of the dominant communities in the soil
ecosystem. Its presence is necessary because of its ability
to recast and decompose organic materials. According to

Paoletti et al. (1991), invertebrates including soil insects
can decipher the forest floor in the range of 1-30% and can
crumble it up to 68%. The ability of soil insects in
decomposing organic materials will indirectly alter the
catabolism rate of organic materials' recast. The recasting
process of organic materials also helps the dispersion of
microbes. Passively, soil microarthropods can be a
mediator for bacteria, fungi, and protozoa to pass through
the digestive tract or skin, to reach a place that cannot be
penetrated by the microbiota (Moore et al. 1988).
Moreover, soil insects are known to play roles in recasting
the organic materials provided for green plants and in the
functioning of an ecosystem including the transfer process
of energy and minerals, the increase of soil porosity and
aeration, and lastly in being the bio-indicator of
environmental quality since Collembola, Carabidae, and
Staphylinidae can accumulate heavy metals in the bodies
(Suhardjono 2000).
Realizing how important soil insects are in the recast
process and the quality improvement of soil ecosystem,
continuous research needs to be conducted. Regarding this,
an effective and efficient insects trapping method with the
optimal and analyzable result is necessary. According to
Toda and Kitching (1999) and Borror et al. (1992), several
types of research have modified some existing methods so
that the result of soil insects caught can be obtained
optimally, compared, and analyzed quantitatively. A good
and appropriate method will make it easier to determine the
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diversity and abundance of soil insects in the ecosystem.
This study aims to analyze the diversity and abundance of
soil insects using several insects trapping methods in Jeruk
Manis Protected Forest, East Lombok, West Nusa
Tenggara, Indonesia.
MATERIALS AND METHODS
This research was conducted at Jeruk Manis Protected
Forest, which is included in the area of Rinjani Mountain
National Park in East Lombok, West Nusa Tenggara,
Indonesia. The process of data collection until
identification was done from February to July 2016. The
average daily temperature of the area is 22oC with humidity
of about 95% and the average soil pH of 5 which is
classified as sour. The dominant vegetation types found in
the forest area are Pterospermum sp., Myristica sp.,
Dipterocarpus sp., Ficus racemosa, Neonauclea sp.,
Myrsine sp., Erythrina sp., Anthocephalus cadamba, and
Meliosma pinnata. Jeruk Manis Protected Forest has
chosen with the consideration that its forest floor condition
is relatively flat and is still highly virgin.
The sampling of soil insects was chosen by making 100
m main transects line along the walkway. At a distance of
10 meters, additional perpendicular transect line was drawn
5 m to the right and left. At every point that had been made
on the main or additional transects, insect traps were set
randomly. Five trapping methods were used to collect soil

insects and were divided into two allocations; insects which
are active on soil surface and insects which are active in the
soil. The trapping methods used for insects on the soil
surface were (i) pitfall trap, (ii) pitfall traps with bait, and
(iii) yellow pan traps, while the trapping methods used for
soil insects in the soil were (i) soil sampling and (ii) forest
floor collection. The samples of soil and forest floor were
stored in a calico bag to be extracted in Berlese funnel
which had been modified for seven days. There were 10
traps set randomly for each collection method with three
day-installment-duration for each trap.
Identification of soil insects was done by observing
their characteristics, which were then matched using key
identification according to Lilies (1992), Borror et al.
(1996), and Suin (1997). The identification was done up to
the family level at Basic Biology Laboratory in The
Faculty of Mathematics and Natural Sciences, Universitas
Mataram, West Nusa Tenggara, Indonesia.
The samples obtained were then counted their number
of individuals (N), their number of orders (O), and their
number of families (F). The relative abundance (KR) of
soil insects was calculated using the comparison between
the number of i-th individual and the total number of
individuals from all types of families multiplied by 100%
(Magurran 1987, 2004). The diversity of soil insects was
calculated based on Shannon-Wiener diversity index (H ').
The type evenness was calculated based on ShannonWiener's evenness index (E) (Krebs 1999). The index
equation is as follows:

Figure 1. Research site in Jeruk Manis Protected Forest in East Lombok, West Nusa Tenggara, Indonesia
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KR = ni/N x 100%
H’ = -© (ni/N ln ni/N)
E
= H’/ln S
Note:
ni = the i-th individuals in the family
N = The total number of individuals of all types of
families
S
= The number of types of families

RESULTS AND DISCUSSION
Soil insect diversity in Jeruk Manis Protected Forest in
East Lombok
The findings (Table 1) show that the overall number of
individual soil insects acquired is 13.699 consisting of 9
orders and 42 families. The numbers of individuals, orders,
and families of each soil insect collection methods applied
provided different results. The highest number of insects
was obtained using pitfall trap with bait which collected
10.577 individuals. Soil sampling provided the least
number of insects (102 individuals). The highest number of
soil insect orders was obtained by using forest floor
collection (11 orders), while the highest number of families
was obtained through pitfall trap (30 families).
The high number of soil insects obtained through pitfall
trap method was allegedly caused by rotten chicken meat
provided as the baits which are the food source for some
types of soil insects, especially for Formicidae
predominantly found at the site. The amount of available
food supply for the insects is the factor that affects the
growth and density of soil insects. According to Andersen
(2000), the existence of soil insects such as Formicidae is
strongly associated with habitat condition, and some of the
main limiting factors that affect that are food resources,
climate, appropriate habitats for nesting, and home range.
The results are consistent with the study conducted by
Hasan et al. (2014) which stated that the abundant
availability of nutrition/food results in the high dominance
value of Formicidae in the forest. According to Rizali et al.
(2002), Hymenoptera, especially Formicidae, is a taxon
that is most commonly found in forest ecosystems.
Table 1. Soil insect diversity in Jeruk Manis Protected Forest in
East Lombok, West Nusa Tenggara, Indonesia

Soil insect trapping method

N

O

F

H'

E

Pitfall trap
1.732
9
30 1.34 0.39
Yellow pan trap
578
7
22 1.37 0.44
Pitfall trap with bait
10.577 8
28 0.46 0.14
Soil sampling
102
7
14 2.36 0.89
Forest floor collection
710
11 23 1.68 0.54
Note: N = number of individuals, O = number of order, F =
number of family, H’ = diversity index, E = diversity distribution
index

811

Forest floor collection method produced the highest
number of insect orders (11 orders) compared to the other
collection methods. This was because forest floor is the
most preferred location by many soil insect taxa.
According to Sembayang et al. (2000), the forest floor is a
source of food for saprophyte group and a prowl location
for carnivore groups. The existence of forest floor is very
important for the survival of soil fauna. Thick forest floor
can create a microclimate suitable for the soil fauna habitat.
The accumulation of forest floor on the soil surface is a
source of food for many organisms, particularly organisms
that play a role in degrading forest floor (Rohyani et al.
2013).
Pitfall trap method provided the highest result for the
number of families. This is linear with the research results
obtained by Suhardjono (1997) and Rahmawati (2000).
This method gives high enough results regarding the
number and diversity, and it also can catch diurnal and
nocturnal insects. Insects collected through pitfall trap are
usually active on the soil surface and are inadvertently
stuck in the trap. According to Suhardjono (1985) and
Paoletti et al. (1991), this method is the most appropriate
method in collecting soil fauna actively roaming on the
surface of the forest floor.
Soil sampling method gave the highest index value of
diversity and evenness index of soil insects, while pitfall
trap with bait gave the lowest diversity index. This result is
different from the one obtained by Sahabuddin (1998) in
which the diversity of arthropods in pine forest taken using
soil sampling method was apparently lower compared to
the other diversity taken using pitfall trap. Results obtained
by Sembayang et al. (2000) showed that the diversity of
arthropods in tomato garden and open area of ex-pine
forest using soil sampling method provided varied results
from 24-41 species, while pitfall trap gave the higher
result. This condition is in line with the statement from
Subahar (2000) that the diversity of soil arthropods
community is strongly influenced by the method of trap
used.
Shannon-Wiener diversity index overall in protected
forests by using five trapping methods was included in
moderate category (H'= 1.44), meaning that the
productivity of soil insects at Jeruk Manis Protected Forest
in East Lombok is fairly good with fairly balanced
ecosystem conditions and moderate ecological pressure
level. Shannon-Wiener evenness index (E = 0.48) is
categorized as low, meaning that at some collection
methods used, there were soil insects which were
dominant, subdominant, and most dominant which thus
makes the evenness in protected forest low. According to
Odum (1998) and Reece et al. (2013), the dominance of a
population causes the other populations defeated, which
thus reduces the community's population. A decrease in the
populations of making up community also means a
decrease the diversity of the community.
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The relative abundance of soil insect family Jeruk
Manis Protected Forest, East Lombok
Soil insect taxa that have the highest relative abundance
consecutively are Hymenoptera (Formicidae), Collembola
(Isotomidae, Entomobryidae), Coleoptera (Hydrophilidae,
Ptiliidae, Scarabeidae), Diptera (Drosophilidae) (Table 2).
Insect taxa that are always found in every sampling method
are
Collembola
(Isotomidae,
Entomobryidae,
Hypogastruridae), Orthoptera (Gryllidae), Coleoptera
(Ptiliidae, Scarabeidae), Diptera (Drosophilidae, Phoridae)

and Hymenoptera (Formicidae) (Table 2). Those overall
taxa are a group that has the most members in the
community of soil insects. According to Borror et al.
(1992), such group of insects has many numbers of tribes
which are active on the soil surface. The result of this study
is similar to results obtained by Adianto (1993) in
Tangkuban Perahu Nature Forest. This also showed that the
five methods of collecting soil insects could be used to
collect the taxa with different levels of relative abundance.

Table 2. The relative abundance of soil insect family Jeruk Manis Protected Forest, East Lombok, West Nusa Tenggara, Indonesia
Ordo
Diplura
Collembola

Orthoptera

Blattodea
Coleoptera

Diptera

Hymenoptera

Isopoda
Oligochaeta
Larva
Others

Family
Diplura
Isotomidae
Entomobryidae
Hypogastruridae
Symphypleona
Neanuridae
Pseudachorutinae
Gryllidae
Tettigoniidae
Acrididae
Phasmatidae
Blattidae
Hydrophilidae
Carabidae
Staphylinidae
Nitidulidae
Ptiliidae
Scarabaeidae
Cucujidae
Cleridae
Halticidae
Cerambycidae
Nabidae
Lycidae
Buprestidae
Tenebrionidae
Anthicidae
Dolichopodidae
Cecidomyiidae
Drosophilidae
Phoridae
Sphaeroceridae
Chloropidae
Rhagionidae
Agromyzidae
Tipulidae
Tachinidae
Formicidae
Mymaridae
Braconidae
Tenthredinidae
Apidae
Isopoda 1
Oligochaeta 1

Pitfall
trap
0.17
0.81
1.04
0.29
0.00
0.06
0.00
0.58
0.00
0.17
0.00
0.00
12.82
0.06
0.06
0.06
15.82
3.75
0.12
0.17
0.06
0.17
0.00
0.00
0.00
0.00
0.00
0.12
0.00
1.15
0.29
0.12
0.17
0.06
0.29
0.00
0.00
61.03
0.00
0.06
0.00
0.00
0.17
0.17
0.00
0.17

Relative abundance of soil insects
Yellow pan
Pitfall trap with
Soil sampling
trap
bait
0.00
0.00
4.90
2.94
0.19
13.73
1.56
0.26
5.88
1.21
0.08
3.92
0.00
0.00
4.90
0.00
0.00
0.98
0.35
0.09
0.00
1.04
0.25
13.73
0.35
0.00
0.00
0.00
0.00
0.00
3.11
0.00
0.00
0.00
0.01
0.00
4.50
3.36
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.00
4.15
0.93
7.84
2.42
0.80
8.82
0.00
0.00
0.00
0.00
0.02
0.00
0.00
0.00
0.00
0.00
0.59
0.00
0.00
0.01
0.00
0.00
0.03
0.00
0.00
0.02
0.00
0.00
0.01
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
4.90
2.25
0.75
5.88
0.69
0.30
0.98
0.00
0.09
0.00
0.17
0.00
0.00
0.00
0.00
0.00
2.25
0.18
0.00
0.17
0.00
0.00
0.52
0.02
0.00
70.93
91.78
21.57
0.35
0.00
0.00
0.17
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0.52
0.01
0.00
0.00
0.00
0.00
0.00
0.18
1.96
0.35
0.00
0.00

Forest floor
collection
5.21
56.06
11.27
0.70
0.14
0.99
0.00
0.28
0.00
0.00
0.00
0.28
1.27
0.00
0.14
0.00
2.25
1.13
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.13
0.28
0.56
0.00
0.00
0.00
0.00
0.00
0.14
10.99
0.00
0.42
0.00
0.28
0.42
1.13
0.85
4.08
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Order Hymenoptera (Formicidae) is one of the orders of
the highest relative abundance which were obtained using
the five soil insect trapping methods. Order Hymenoptera
(Formicidae) or ants is known as one of the insects that
have a high level of resistance to environmental changes.
These conditions make it as one of the indicators of
agroecosystem (Peck et al. 1998) as well as indicators of
environmental assessment programs, such as forest fires,
disturbance to vegetation, deforestation, mining, waste
disposal and land use factor (Wang et al. 2000). Formicidae
is a group of fauna living on the soil surface which also
likes moist, warm, and protected places (Wallwork 1970;
Setiadi 1989). Besides that, Formicidae is also social
insects which colonize and is divided into several castes,
namely kings, queens, soldiers, and workers (Wilson
1971). Formicidae, in exploiting its food sources, can act as
a predator, carnivores, fungivores, and herbivores. This
condition makes it found using all trapping methods.
Insect collection using pitfall trap generated high
relative abundance not only for Hymenoptera (Formicidae)
but also for a Coleoptera (Hydrophilidae, Ptiliidae).
Hydrophilidae is a family that is found in ponds or streams,
its presence on the forest floor is usually for pupation
process in a hole under the ground. The results of this study
differ from results obtained by Maulinda (2003) in which
the families most captured with pitfall trap method is
Scarabaeidae and Staphylinidae. Both are groups of insects
which are active on the soil surface and acts as a predator
for organisms that exist on the forest floor.
The Order Orthoptera (Gryllidae) produced the highest
relative abundance if collected by soil sampling method.
Family Gryllidae is one group of insects that live in various
habitats; wet or dry, especially shaded (Lilis 1994). This
taxon usually lays the eggs in the soil or paste them in the
plants, so it is very likely for the taxon to be collected by
using soil sampling method. This method is typically used
to collect soil insects that live or are active in the soil. Soil
insects were obtained by first extracting the soil samples in
Berlese funnel for seven days, usually, soil insects will fall
by gravity into pitfall container with alcohol.
Forest floor collection gave the highest relative
abundance results for orders Collembola (Isotomidae,
Entomobryidae). Forest floor is one of the important
factors affecting the availability of soil Collembola. Forest
floor is a source of food and a place to live for soil
Collembola. Soil Collembola has vertical diversity
distribution along with the soil depth level. Collembola is
most commonly found in the soil surface layer (0 to 2.5
cm) that contains lots of litter and humus (Rohyani, 2012).
Fungi and waste organic materials as soil Collembolan
food are most commonly found in this layer.
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Abstract. Pudiawati T, Patria MP. 2017. Short Communication: Population structure of mangrove crab Scylla oceanica in mangrove
ecosystem of Tanjung Lesung, Banten, Indonesia. Biodiversitas 18: 813-817. The mangrove crab Scylla oceanica is one of the dominant
crabs in the mangrove ecosystem at Tanjung Lesung Beach, Banten, Indonesia. The aim of the study was to determine the temporal
distribution, carapace width-weight relationship and condition factors of S. oceanica. The crabs were collected by using traps for four
months from August to November 2015. It was observed that the carapace was larger in male crabs (9.97 cm) than in female crabs (9.34
cm) and the average weight of the males (206.08 g) was higher than that of the females (183.83 g). b value of male (1.955) and female
(2.123) crabs were significantly different (P < 0.05). Both of them have a negative allometric growth pattern. The result of the
distribution analysis was a Morisita spread index Id of 1.5176; this indicates the crabs have clustered distribution patterns and their
distribution was allegedly associated with the reproductive cycle.
Keywords: Scylla oceanica, mangrove, carapace width-weight relationship

INTRODUCTION
Since 1980, mangrove crab fisheries have become an
important commodity with high economic value in
Indonesia (Cholik 2005). The growth of the mangrove crab
is influenced by internal and external factors. Internal
factors consist of sex, age, nutrition and disease resistance,
while external factors such as water quality, predator, and
habitat or mangrove condition (Effendi 1997; Levay and
Walton 2007). Distribution patterns of the mangrove crabs
depend on the spawning season, age and the relationship
between the crab with environmental changes (Sulaiman
and Hanafi 1992; Sherazul et al. 2013).
Mangrove crabs Scylla oceanica and Scylla serrata are
fast growing crab species and their eggs are commonly
available in shallow coastal waters, lagoons, estuaries and
intertidal swampy mangrove areas of Banten and are prone
to overfishing. The crab S. oceanica is widely preferred by
consumers as it grows to the biggest size (Marichamy
1996; Anil and Suseelan 2001). According to Catacutan
(2002), this type of crab is a valuable food source for local
people because of its high nutritional value.
The Tanjung Lesung mangrove of Banten is located
between 6°21'-7°10' South latitude and 104°48'-106°11' East
longitude and are intensively used for harvesting mangrove
crabs in Indonesia. Mangrove crab fishing has been
practiced by people of Tanjung Lesung, Panimbang subdistrict, Pandeglang, Banten, Indonesia for a long time,
which causes a major decline of mangrove crab populations
in this mangrove ecosystem; as it happens in the
surrounding area (Irnawati et al. 2014). The pressure

increases due to turning the coastal areas into tourist area
(Sugiwo 2014).
Biological information of mangrove crab needed as a
basis for conservation management of these crabs and
mangrove ecosystems (Paital 2012). Therefore it is
necessary to do research with the aim to analyze the crab,
Scylla oceanica, in terms of distribution, carapace width,
and body weight. It can be used to determine the condition
of mangrove crab population in the mangrove ecosystem of
Tanjung Lesung, Pandeglang, Banten, Indonesia.

MATERIALS AND METHODS
The study was conducted between August and
November 2015 at the mangrove forest area of Tanjung
Lesung Beach, Panimbang sub-district, Pandeglang,
Banten, Indonesia using three sampling stations; station 1
in Mekarsari Village, station 2 in Citeureup Village and
station 3 in Tanjung Jaya Village. They represent three
different types of mangrove forests; station 1 is mangrove
forest rehabilitation; station 2 is a natural mangrove forest
areas that are close to human settlement; and station 3 is
natural mangrove forest areas far from residential areas.
(Figure 1).
The crabs were captured using traps placed randomly
with three repetitions in each station. In each sub-station
(10 m x 10 m), trap positions on each repetition were
always changing, which is expected to occupy the entire
plot observations. The traps size were 40 cm x 25 cm x 15
cm, with a mesh size of 1.5 cm. The traps filled with small
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fish or shrimp as bait to attract the crabs to get into the trap.
Collected mangrove crabs were identified as gender,
weighed (g) and measured in length and width of the
carapace (cm) using the caliper and the scales.
Data analysis
The relationship between the width of the carapace and
their weight was analyzed using a regression by equation
W = aLb, where W is the weight (g), L is the width of the
carapace (mm), a and b are regression constants (Effendie
1997). To see the significance of the regression, analysis of
variance (ANOVA) was performed with a confidence level
of 95%.

RESULTS AND DISCUSSION
Density of Scylla oceanica population by sex
During sampling of Scylla oceanica, as many as 172
individuals were collected from three stations, consisting of
108 males (62.8%) and 64 females (37.2%). The
population density of male crabs (S. oceanica) was 18.3
individuals/station in the first station, the second station
consists of 14.3 individuals/station and the third station was
3.3 individuals/station. The population density of female S.
oceanica crabs was 11.3 individuals/station in the first

3

station,
the
second
station
consists
of
8.3
individuals/station and the station III was 1.7
individuals/station. It was observed that the population
densities of male crabs were higher (12 individuals/station)
than female (7.1 individuals/station). (Table 1).
Size composition of Scylla oceanica
The weight and size of collected crabs were variable.
The smallest size of female crabs was 95 g, while the
largest size was 495 g. From Table 2, it can be seen that the
average weight of male and female crabs found in Tanjung
Lesung, Banten amounted to 197.80 g with a lower limit of
187.54 g and the upper limit of 208.07 g (95% CI). If
separated, the average weight of the female crab was
183.83 g and 206.08 g for the male crab. We found that the
crabs weigh more than 200 g only 52 individual (48.15%)
in male and 17 individual (26.56%) in female respectively.
Table 1. Density of mangrove crab population by sex in Tanjung
Lesung Beach, Pandeglang, Banten, Indonesia
Station
1
2
3
Average

Number of Individuals caught
Males
Females
Total
55
34
89
43
25
68
10
5
15

Population density
Males
Females
18,3
11,3
14,3
8,3
3,3
1,7
12,0
7,1

2
1

Figure 1. The location of sampling stations in Tanjung Lesung Beach, Panimbang sub-district, Pandeglang, Banten, Indonesia. A.
Station 1 in Mekarsari Village, B. Station 2 in Citeureup Village, C. Station 3 in Tanjung Jaya Village
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Composition of carapace width in Scylla oceanica
Carapace width ranged from 6.8 to 14.5 cm in male and
from 7.1 to 13.5 cm in the female. The average width of the
crab carapace was 9.74 cm, the average for female crab
was 9.34 cm and for the male crab 9.97 cm (Table 2). The
average estimate of mangrove crab carapace width of males
and females at stations 1, 2, and 3 can be seen in Figure 2.

Discussion
The population densities of the crab Scylla oceanica is
larger in males (12 individuals/station) than females (7.1
individuals/station). These results are consistent with the
suggestions of Siahainenia (2008) who states that based on
the life cycle and behavior, adult female crabs tend to leave
the mangrove forest to migrate towards the sea for
reproduction in search of waters with relatively stable
environmental parameters. In accordance with Hill (1975)
the dominance of male crabs may occur during the female
reproductive migration. The crabs mate in the waters of the
mangrove area and female gradually migrate to the sea to
spawn in accordance with the development of eggs, while
the male crabs remain in the mangroves or estuaries during
this period. In line with this, Webley et al. (2009) said that
the crab S. oceanica is a type of organism that does migrate
(swimming) during their life cycle, so that at each stage of
his life S. oceanica occupies different habitats by their
needs. Bonine (2008) says the environmental conditions
allow crabs to survive up to the age of 3-4 years and reach
a size of maximum carapace width of more than 200 mm.
The capture of crabs (Scylla spp and Portunus spp) is
regulated in the Circular Letter of the Minister of Marine
Affairs and Fisheries No. 18/MEN-KP/1/2015 About
Catching Lobster (Panulirus spp). It states that from
January 2015 until December 2015, the weight of
mangrove crabs that may be captured is more than 200 g.
Under this regulation, as much as 48.15% of the male crabs
and only 26.56% of the female crabs that were caught
during the study were as regulated by the Minister of
Marine Affairs and Fisheries.

Growth patterns of Scylla oceanica
The weight of female crabs ranged from 95-495 g while
the weight of male crab ranged between 100-420 g.
Carapace width of female crabs ranged from 6.8 to 14.5 cm
while carapace width of males ranged from 7.1 to 13.5 cm.
Carapace length of female crabs ranged from 5.5 to 10.2
cm while carapace length ranged from 5.2 to 9.6 cm in
males. (Table 3). The analysis of data for weight and length
of S. oceanica) is shown in Table 4.
The results show that the total relation carapace width
and weight of male crabs are as follows: Log W = 0,351 +
1,955 * log L (b = 1,955) then, that of female crabs are as
follows: Log W = 0,188 + 2,123 * log L (b = 2,123 ). The
result of a combination of both is Log W = 0,285 + 2,022 *
log L (b = 2,022).
Based on the value b of the equation (b < 3), then the
pattern of growth male crabs are negative allometric, that
means the increase of carapace width is faster than the
increase of weight gain. Likewise, the female crab's growth
is negative allometric too. It can be concluded that the
growth pattern of both male and female mangrove
crabs (Scylla oceanica) is negative allometric, which
means the increase of weight gain is not as fast as the
increase in carapace width.

Table 3. Width measurement results, carapace length and weight
of male crabs in Tanjung Lesung Beach, Pandeglang, Banten,
Indonesia

The distribution pattern
By using the formula of Morisita spread index (Id =
1.52), the analysis of the distribution pattern of S. oceanica
at three stations in Tanjung Lesung, Banten, shows Id > 1,
which indicates that the distribution of species was
assumed to be clustered.

A
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Gender

Number
of crabs

Female
Male

64
108

Mangrove
crab
weight (g)
95-495
100-420

Carapace
width (cm)

Carapace
length (cm)

6.8 to 14.5
7.1 to 13.5

5.5 to 10.2
5.2 to 9.6

C

Figure 2. Crab carapace width for males and females in three stations in Tanjung Lesung Beach, Pandeglang, Banten, Indonesia. A.
Station 1 in Mekarsari Village, B. Station 2 in Citeureup Village, C. Station 3 in Tanjung Jaya Village
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Table 2. Comparison of the size of the body of mangrove crab in Tanjung Lesung Beach, Pandeglang, Banten, Indonesia
Body size
Weight (g)

Carapace Width (cm)

Carapace Length (cm)

Female
Male
Total
Female
Male
Total
Female
Male
Total

N

Mean

Std. Dev.

Std. Error

64
108
172
64
108
172
64
108
172

183.83
206.08
197.80
9.341
9.973
9.738
7.110
7.525
7.370

77.259
61.074
68.187
1.5309
1.4330
1.4975
1.0318
.9880
1.0214

9.657
5.877
5.199
.1914
.1379
.1142
.1290
.0951
.0779

95% Confidence interval for mean
Lower bound
Upper bound
164.53
203.13
194.43
217.73
187.54
208.07
8.958
9.723
9.700
10.247
9.512
9.963
6.852
7.368
7.336
7.713
7.217
7.524

Min.

Max.

95
100
95
6.8
7.1
6.8
5.5
5.2
5.2

495
420
495
14.5
13.5
14.5
10.2
9.6
10.2

Table 4. Equation weight relationship and mud crab carapace width of male and female in Tanjung Lesung Beach, Pandeglang, Banten,
Indonesia
Coefficients a, b
Model
1

(Constant)
LogWidth
Gender = Males

Unstandardized Coefficients
Standardized Coefficients
T
B
Std. Error
Beta
.351
.048
7,284
1,955
.048
.969
40,372

Sig.
.000
.000

Coefficients a, b
Model
1

(Constant)
LogWidth
Gender = Females

Unstandardized Coefficients
B
Std. Error
.188
.067
2,123
.069

Standardized Coefficients
Beta

T
2,825
30 844

.969

Sig.
.006
.000

Coefficients a, b
Model
1

(Constant)
LogWidth

Unstandardized Coefficients
B
Std. Error
.285
.039
2,022
.039

Log Weigth
Gender: Male

Log Width

Standardized Coefficients
Beta

t
7,381
51,633

.970

Sig.
.000
.000

Log Weigth
Gender: Female

Log Width

Figure 3. Carapace width and weight relationship of mangrove crabs in Tanjung Lesung Beach, Pandeglang, Banten, Indonesia
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Scylla oceanica males and females show a negative
allometric growth. According to Effendie (1997), negative
allometric growth indicates that the width of the carapace
grows faster than the crab can gain body weight. It is
suspected that there is a close connection with the process
of molting (the release of the shell) that occurs in the group
of crustaceans, including crab. As stated by Kordi (1997),
that after each of these molting processes, the crab will
increase their weight around 1/3 times that of the previous
body weight and the carapace width will be increased 5-10
mm (approximately two times the original size) in adult
crabs.
The distribution pattern of S. oceanica at three stations
in Tanjung Lesung was clustered. The clustered
distribution patterns of species happen if individuals living
in the community have a need for the same environmental
factors (Levay and Walton 2007). In this case, the crab
(Scylla oceanica) clustered distribution pattern can be
allocated to the same need for environmental factors such
as salinity, pH, temperature, substrate composition of the
fractions, and the fulfillment of foods derived from
mangrove ecosystem in Tanjung Lesung, Banten.
Catches of mangrove crabs (Scylla oceanica) at
mangrove ecosystem Tanjung Lesung, Banten, are
dominated by males at 62.8%, because their carapace width
ranges from 6.8 to 14.5 cm of which 53.70% had sexual
maturity, while the female crab carapace width ranging
from 7.1 to 13.5 cm and only 28.13% have sexual maturity.
Wijaya et al. (2010) suggest that the mangrove crabs have
full-grown genitals development if their carapace width is
more than 100 mm. Based on this, 53.70% of the male and
28.13% of the female crabs caught during the study were
sexually mature.
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Abstract. Zarikian N. 2017. Altitudinal distribution of Papilionoidea (Lepidoptera) in Mount Aragats, Armenia. Biodiversitas 18: 818825. In this study, the altitudinal distribution of butterflies on the highest mountain in Armenia was investigated. Butterflies were
collected from March to October in 2015 and 2016. This revealed that the relationship between the total numbers of butterfly species
and individuals and altitude shaped as bump. A significant relationship was also recorded between the altitude and the abundance and
richness. However, the diversity and evenness index yielded a consistent decrease with increase in altitude because of the dominance of
few species at high altitudes.
Keywords: Abundance, Armenia, evenness index, distribution, Lepidoptera, Papilionoidea, species diversity

INTRODUCTION
High altitude ecosystems on mountains are unique
ecosystems and the environment of high altitudes deserves
to be the studied carefully (Mani 1990). Mountain habitats
are spatially and structurally complex when trees or larger
shrubs form part of the landscape, producing a mosaic of
different habitat types with their own particular vegetation
and/or microclimateExploitation of these patches by
different plants and animals may reflect more their specific
life history strategies and ability to utilize a particular type
of habitat than the total taxonomic diversity present at a
particular altitude (Haslett 1997; Hodkinson 2005).
Patterns in the altitudinal distribution of species richness
have been considered as indispensable evidence for
hypotheses that propose associations with productivity and
ambient energy, as well as the past and current climates
taking in account, that these factors alter with altitude
(Rahbek 2005 Considerable, two patterns of species
richness are observed in the altitudinal distribution (Rahbek
2005). The first is a monotonic decrease with altitude. This
is expected if resource limitation and thermal constraints
govern species diversity (Fiedler and Beck 2008). The
second is that the pattern of species richness is bumpshaped, the mid-domain effect (Colwell & Lees 2000). This
pattern is expected if the geometric restrictions on habitat
areas change with altitude. Lomolino (2001) indicates that
peaks in diversity at intermediate levels along an decline
consort to points where the combined effects of many
environmental factors and associated processes enhance the
co-occurrence of many species. Therefore, it appears that
the changes in species richness with altitude may be
determined by more complicated mechanisms than
previously believed. Proceeding from the same principle,

many papers had published about the vertical distribution
of butterflies in Central Asia; which brought a new
scientific experience in this field (Korb 1994).
Studies on the patterns in the altitudinal distribution in
species richness in Mount Aragats have revealed it mostly
either decreases monotonically or is hump-shaped. This
study sought to determine the altitudinal distribution of
Rhopalocera in Mount Aragats and the influence of altitude
on butterflies richness and abundance. Aragats is a circular
mountain composed of both lavas and tuffsA volcanic cone
lies atop far older rocks. The crater of the volcano has
become the steep-walled basin. Near the serrated summit
are high mountain meadows and rockfalls. On the slopes
grows steppe vegetation and xerophytes (dry and arid
climate-vegetation), in addition to the widely distributed
light forest (Table 1).
Its geographic location and difference in altitude from
the majority of the mainland have facilitated many studies
on the altitudinal distribution of species richness. But
despite several surveys dedicated to the high altitude
butterflies of some regions of Armenia the researches and
published data on the fauna of Aragats Mount massive are
not enough for comprehensive knowledge of the fauna of
the high altitude butterflies of there.
Alpine vegetation types are distributed over the whole
Caucasus in heights between 2,000 m and 3,500 m above
sea level. In alpine turf communities densely growing
grasses dominate (Holubec and Křivka 2006), while less
dense, but species-rich alpine carpets are at most composed
of small, bowing herbs. Alpine turfs and carpets are
scraped resulting in a degradation of the vegetation and a
convert in species composition towards species that are
resistant or protected against browsing damage. Unlike
xerophytic the vegetation in lower altitudes, alpine rock
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vegetation in the Armenia is typically linked with at least
substantial precipitation (Holubec and Křivka 2006). In
general, Caucasian alpine rock vegetation is very diverse
and species composition largely depends on the chemical
composition of the rocks (basic or acidic), in the manner,
the rocks erode and climatic fluctuations, especially in
relation to water availability. Subnival and nival vegetation
occur near glaciers and areas permanently covered by snow
usually in heights between 3,000 m up to ~4,100 m in the
Caucasus. Endemism on species as well as on genus level
is high. For example, out of the ~200 species of vascular
plants growing in the subnival zone of the Caucasus, about
half are endemic (Holubec and Křivka 2006). The vascular
plants can grow till 4,095 m (summit of Mount Aragats),
where the endemic cruciferous grows (Holubec and Křivka
2006).

MATERIALS AND METHODS
Study sites
Mount Aragats (highest peak: 4090 m, area: 5000 km2)
is presented as the highest mountain in Armenia. The
annual average temperature is -3°C - +10°C and annual
precipitation are 300 - 900 mm, Snow covers the top of the
highest peak almost year-round. The circumference of the
massif is around 200 km and is a barrier to dispersal for
many species (Nazarian 1974).
Twelve sites in the Mount Aragats in Armenia were
sampled in this study (Figure 1, Table 1). These sites were
selected based on accessibility from the lowest (Byurakan)
(1550m) to the highest altitude (Southern peak) (3888 m).
These sites were also designated as either riparian or
upland, depending on their proximity to streams or lakes.
Two sites (Lake Lessing, Aragats village) were located on
eastern expositions, one on western (Mantash r.), one on
southern (Geghadzor) and the remaining sites on northern
expositions.
Rhopalocera data and sampling
The Lepidopteran species targeted included the
butterfly’s families traditionally falling under the suborder
of Rhopalocera and five readily identifiable families
(Hesperiidae,
Papilionidae,
Pieridae,
Lycaenidae,
Nymphalidae). A total 2,952 individuals belonging to108
species were identified. Five families were represented in
the collections by the following numbers of species
Hesperiidae (8), Papilionidae (4), Pieridae (21), Lycaenidae
(35), Nymphalidae (40) (See Table S1 for species list). The
study is based mainly on the analysis of our own materials,
collected in all sites above mentioned. The material was
collected during expeditions, conducted in 2015 -2016.
Specimens were collected using a sweep net and killed in
killing jars with ethyl acetate. Each specimen was put into
a labeled envelope and brought to the laboratory to be
spread and dried. Identification was carried out using the
guides of Hesselbarth et al. (1995), Tuzov et al. (1997),
Bozano (1999-2012), Kawahara and Breinholt (2014),
Korb and Bolshakov (2016), and by comparison with
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author's reference collections. Besides, all available
literature and collection data were taken into account.
Data analysis
The catches of butterflies for the two years were
gathered. Species richness (total number of species),
abundance (total number of individuals), Simpson’s
diversity index (D) and the Shannon evenness index (E)
were calculated for each site (altitude).
Simpson’s diversity index calculates the probability of
any two individuals drawn at random from an infinitely
large community belonging to the same species (Magurran
2003). The Shannon evenness index is H’/ (ln S) where H’
is the Shannon diversity index and (ln S) is the logtransformed species richness. Altitude, altitudinal area,
species richness, and abundance were log transformed prior
to analysis.
Relationships among altitude, altitudinal area, species
richness, abundance, diversity, and butterflies evenness
were investigated. First, correlation analyses between
altitude, altitudinal area and four dependent variables
(species richness, abundance, Simpson’s and Shannon
evenness index) were executed to determine the significant
relationships among the variables. Second, a piecewise
regression was carried out with a breakpoint at 2150 m
(Amberd). The two models were combined into a single
model by creating four new variables.
Two of the new variables, alt1 and alt2, represent the
effect of altitude on species richness above and below
2090m, respectively.
alt1 = (altitude - 2150), if (altitude≥2090) alti1 = 0
alt2 = (altitude - 2150), if (altitude < 2090) alt2 = 0
The other two new variables, int1 and int2, represent
the intercepts below and above 2090 m, respectively.
int1 = 1, if (altitude ≥ 2090) int1 = 0
int2 = 1, if (altitude < 2090) int2 = 0
All correlations and piecewise regression analyses were
carried out using SPSS software (SPSS Inc. 2006).

RESULTS AND DISCUSSION
Results
The results of our analysis are generalized in Table 2.
The species richness, abundance, diversity and evenness
results are detailed in Table 2. The distribution of these
variables relative to altitude has a hump-shaped pattern,
with the exception of the evenness index (Figures 2-5). No
significant correlations have been found between species
richness, abundance or diversity, and altitude. However,
the reverse correlation between altitude and evenness is
significant (Pearson’s r = -0 .865, P = 0.01) (Table 3).
Unlike the hump-shaped patterns for the relationships
between species richness and abundance relative to altitude
recorded in Mount Aragats, which decreased with altitude,
the relationship for evenness and diversity were almost
constant (Figures 2-5). Shannon evenness is a measure of
heterogeneity that considers the degree of evenness in
species abundances in terms of the ratio of observed
diversity to maximum diversity (Magurran 2003).
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Figure 1. Location of Mount Aragats and the twelve sites in Armenia (sites are numbered as in Table 1.)

Table 1. Description of the sites sampled in Mount Aragats, Armenia
No

Site

Site location

Vegetation type

Aspect

Altitude (m)

1
Northern peak
Upland
Subnival vegetation*
North
3888
2
Lake Kari
Riparian
Alpine vegetation**
North
3200
3
Lake Lessing
Riparian
Alpine vegetation
East
3200
4
Mantash Reservoir
Riparian
Subalpine vegetation***
West
2640
5
Geghadzor
Upland
Subalpine vegetation
South
2290
6
Armenavan
Upland
Subalpine (Light woodland) vegetation
North
2200
7
Amberd
Riparian
Subalpine (Meadow-steppe) vegetation
North
2150
8
Aragats (village)
Riparian
Xeric grass and semi-shrub vegetation****
East
2090
9
Khnusik
Upland
Xeric grass and semi-shrub vegetation
North
1890
10
Tegher
Upland
Xeric grass and semi-shrub vegetation
North
1720
11
Antarut
Upland
Hemi-xeric woodland vegetation*****
North
1650
12
Byurakan
Upland
Hemi-xeric steppe vegetation
North
1550
Note:
*Subnival vegetation. This includes open plant communities occur with Draba araratica, Poa araratica and Saxifraga hirculus.
** Alpine vegetation. The upper part of the alpine zone known for its dense vegetation and open coexistences diversity. Dense
coexistence main types are the rugs, which consisting of Campanula tridentata, Chamaesciadium acaule, Carum caucasicum,
Taraxacum stevenii, Minuartia oreina, Cerastium cerastoides, Bellardiachloa polychroa. Alpine grasslands include Festuca varia,
F. chalcophaea, Alopecurus aucheri, Carex tristis) and mats include Sibbaldia parviflora, Alchemilla erythropoda.
*** Subalpine vegetation. Subalpine woodland and grassland zone includes: - Quercus macranthera woodlands; - steppes (Festuca
valesiaca, Koeleria cristata, Sesleria phleoides); - subalpine meadows (Bromopsis variegata, Phleum nodosum, Koeleria
caucasuca); - meadow steppes (Festuca valesiaca, F. ovina, Bromopsis variegata, Sesleria phleoides).
****Xeric grass and semi-shrub vegetation. This includes: - tomillares (Thymus kotschianus, Scutellaria spp., Stachchys inflata); friganoids (Ambliopogon spp., Caccinia rauwolfii, Hedysarum formosum); - thorn-cushion communities (Astragalus microcephalus,
Onobrychis cornuta, Acantholimon glumaceum); - steppes (Stipa spp., Festuca valesiaca, Bromopsis riparia, Carex humilis).
***** Hemi-xeric woodland vegetation. This one includes: - Quercus macranthera woodlands; - low woodlands (Pyrus spp., Acer
hyrcanum, Crataegus spp., Juniperus polycarpos); - hemi-xeric shrublands (Cotoneaster spp., Sorbus graeca); - steppes (Stipa tirsa,
Festuca valesiaca, Koeleria cristata, Nepeta grossheimii); - thorn-cushion communities (Astragalus spp., Onobrychis cornuta,
Acantholimon glumaceum); - meadow steppes (Festuca ovina, Poa densa, Phleum phleoides, Carex humilis) (Voskanian 1976;
Baloyan 1987; Zazanashvili et al. 2000)
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Table 2. Summary of the species richness (total number of
species), abundance (total number of individuals), Simpson’s
diversity (D) and Shannon’s evenness (E) indices recorded at each
of the sites.
Site
1
2
3
4
5
6
7
8
9
10
11
12

Species
richness
5
22
15
29
46
61
65
53
63
65
77
78

Abundance
7
68
46
100
179
231
285
268
305
287
633
558

Simpson’s
diversity (1-D)
0.91
0.94
0.90
0.93
0.95
0.98
0.98
0.98
0.99
0.98
0.99
0.98

Shannon’s
evenness (E)
0.435
0.696
0.668
0.725
0.752
0.762
0.766
0.754
0.762
0.766
0.773
0.776

Figure 4. Relationship between species diversity index of the
butterflies and altitude in MtAragats, Armenia.

Table 3. Regression analysis of the abundance, species richness,
diversity and evenness of butterflies.
Dependent
variable

R2

Species richness
0.96
Abundance
0.70
Diversity
0.78
Evenness
0.74
Note: * P < 0.5, ** P < 0.05.

F
146.02
27.135
40.45
29.697

Independent
variable
Altitude
-12.09
-5.209
-6.36
-5.450

Figure 2. The relationship between species richness and altitude
in Mt. Aragats, Armenia

Figure 3. The relationship between and altitude in Mt. Mt.
Aragats, Armenia

Figure 5. Monotonic decrease in the relationship between the
evenness index altitudes in Mt. Aragats, Armenia.

Discussion
The results recorded in the present study doesn’t agree
with previous studies that the insect communities at high
altitudes are characterized by few species and a greater
abundance of individuals (Mani 1968). Due to the
generally extreme conditions at high altitudes, a high
degree of inter-specific integration with concomitant
community independence and isolation is one of the
peculiar characteristics of high altitude insect communities
(Mani 1968).
The results show also strong altitudinal zonation
convenient to the vegetation belts, as in many previous
studies (Despland et al., 2012) Butterflies are closely linked
to plants, both as herbivores and pollinators and our work
suggests, as much did before, that the altitudinal
distribution of a butterfly might depend on that of its larval
host plant existence ( Pyrcz et al., 2009) and hence that
attitudinal model in butterfly diversity might match those
of plants. The larval forms and host plants have been
described for some of the (Tshikolovets et al. 2012) and
these fit with the observations recorded here. For
instance, C. croceus larvae develop on (Medicago sativa),
which was common in all sites of Mount Aragats, while
Adults feed primarily on nectar of Dandelion (Taraxacum
sp.), which spreads in sub-alpine, xeric and hemi-xeric
vegetation.
It is obvious here the highest altitude (3888 m) adapted
spices are Pieris brassicae, Colias croceus, Vanessa cardui
and much more Aglais urticae and Polyommatus icarus.
Although the availability of other spices host plants in the
highest altitude site was not indicator to their existence, due
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to the climate factor or butterfly physiology. Equally, a
better understanding of the extent and speed of adaptation
is crucial to the responses of biodiversity and ecosystems to
climate change, which are still unclear for Mount Aragats.
Comparing with low-altitude fauna (Zarikian et al.
2016) the subalpine vegetation habitats showed similar
faunas to the low-altitude lands dominated by natural
vegetation but with much higher abundance: these were
dominated by Libythea celtis, Kirinia climene,
Coenonympha pamphilus, Melanargia larissa, Argynnis
aglaja and Argynnis pandora.
However, the ability to acclimate to human-modified
landscapes is clearly variable among our study species. The
pierid Pieris bowdeni documented as wide spread. Arabis
caucasica (Cruciferae) feeders found in xeric vegetation
belt (Tuzov 1997). In our study, Pieris bowdeni was not
observed in the xeric sites, but has alpine vegetation (Lake
Kari, site 2). Conversely, most Lycaenidae family
spices was still only seen in the native habitat. The
diapause strategies of some butterflies are unknown. Some
species can remain in diapause during dry years such
Colias thisoa.
Comparative studies of altitudinal gradients are needed
to identify the consistent patterns in scale effects, which
can then be used to study the effects of contemporary
climate, history and stochastic factors (Rahbek 2005).
Further study of the pattern in the altitudinal
distribution of butterflies of Mount Aragats must be carried
out in comparison with those for other taxa (e.g. spiders,
beetles, breeding birds, etc.). Also the underlying
mechanisms determining the different altitudinal patterns
were not examined in the present study; Analysis of
different taxa dependent altitudinal patterns (monotonic
decrease vs. hump-shaped) in species richness at the same
locality, Mount Aragats, Armenia is intriguing.
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Table S1. List of the butterfliey species sampled at Mount Aragats, Armenia (See Figure 1. for the locations)
Family / scientific name

1

2

Family Hesperiidae
Erynnis tages (Linnaeus, 1758)
Muschampia tessellum (Hubner, [1803])
Pyrgus melotis (Duponchel, [1834])
Pyrgus serratulae (Rambur, [1839])
Pyrgus jupei (Alberti, 1967)
Pyrgus alveus (Hubner, [1803])
Pyrgus cinarae (Rambur, [1839])
Spialia orbifer (Hubner, [1823])

3

2
2

Family Papilionidae
Papilio machaon Linnaeus, 1758
Papilio alexanor Esper, 1799
Iphiclides podalirius Linnaeus, 1758
Parnassius mnemosyne Linnaeus, 1758
Family Pieridae
Leptidea duponcheli Staudinger, 1871
Leptidea sinapis Linnaeus, 1758
Aporia crataegi Linnaeus, 1758
Pieris rapae Linnaeus, 1758
Pieris mannii Mayer, 1851
Pieris pseudorapae Verity, [1908]
Pieris napi Linnaeus, 1758
Pieris bowdeni Eitschberger, 1984
Pieris brassicae Linnaeus, 1758
Euchloe ausonia Hubner, 1805
Anthocharis gruneri Herrich-Schäffer, 1851
Anthocharis cardamines Linnaeus, 1758
Anthocharis damone Boisduval, 1836
Pontia daplidice Linnaeus, 1758
Zegris eupheme Esper, 1805
Colias croceus Geoffroy, 1785
Colias thisoa Ménétriés, 1832
Colias aurorina Herrich-Schäffer, 1850
Colias alfacariensis Staudinger, 1871
Gonepteryx farinosa Zeller, 1847
Gonepteryx rhamni Linnaeus, 1758
Family Nymphalidae
Libythea celtis (Laichating, 1782)
Kirinia climene (Esper, [1783])
Lasiommata maera (Linnaeus, 1758)
Lasiommata megera (Linnaeus, 1767)
Coenonympha leander (Esper, [1783])
Coenonympha pamphilus (Linnaeus, 1758)
Maniola jurtina (Linnaeus, 1758)
Hyponephele lycaon (Rottemburg, 1775)
Hyponephele lupina (Costa, [1836])
Erebia medusa ([Schiffermuller], 1775)
Erebia graucasica (Jachontov, 1909)
Chazara briseis (Linnaeus, 1764)
Chazara persephone (Hunber, [1805])
Pseudochazara thelephassa (Geyer,[1827])
Pseudochazara pelopea (Klug, 1832)
Pseudochazara mamurra (Herrich-Schaffer, [1846])
Pseudochazara geyeri (Herrich-Schaffer, [1846])
Melanargia galathea (Linnaeus, 1758)
Melanargia larissa (Geyer, [1828])
Limenitis reducta (Staudinger, 1901)
Neptis rivularis (Scopoli, 1763)
Vanessa atalanta (Linnaeus, 1758)
Vanessa cardui (Linnaeus, 1758)

1

5

6

7

8

9

10

1

1
2

2
1

1
3

1

2

3
2
1

4
3
4

4
7
3

3
3
5

4
1
1

10
8
4

8

2
1
3
5

1

5

7

3
6

5
9

8

3
4

2

2

3

1

3

2

3

2

4

3

1

1

1
5

4
2
3
3

4
2
15
12
8
5

2
1
23
11
1
3
6

5

2
5
2
5
3
4

5
6
4
8
3
5
2
8

9
3
5
8
3
7
5
11

4

3

2

1

2

2
1

3
1

2
1
2
2

5
3
2

6
3
2

5
5
5

11

6

24

3
2
3

4

3

2

3

4

6

3
4

3
1

2

1
4

3
4
2
2

2

9
21
1
6
3

10
12
2
4
3

8
14
1
3
2

2 1
1
33 43
26 29
4 3
9 9
7 7

4
6

8
2

19 13
5 3

2
14
6
15

3
4
5
5
2
9
2
9

7
5
11
2
10

11
8 5
21 23
6 6
25 22

7
1

3
1

2
1

9 11
4 3

1
1
5
12
12
12
6
7

3
2
2
1
5
11
10
7
4
4

5 8
5 2
4 3
4 3
8
23 21
19 11
18 9
9 10
7

5
2
2
2
3
5
4
5

1
1
11
9
9
7

9
11

12
1

2
1

1

2

2
2

1
5
5
2
2
1
2

5
6
3
2
1
3

5

1

1
2

11 12

8

3
1
30
26

3
1

4

1
2

1
4

4
3

3
5
9
5
6
1
3

2

5
9
6
3
2
7

4
3
4
2
14
7
4
4
2
6

4
1
3
3
2
1
11
6
3
4
1
6

7
2
6
3

3
2
1

1 1
18 15
16 16
8 9
9 10
3 4
5 8

Total

16
21
8
13
2
28
20
19
28
3
27
28

171
192
12
42
45
2
78
29
16
44
30
101
32
114
4
3
47
12
5
23
12
20
17
21
103
76
69
36
27
23
24
13
17
14
2
9
83
74
40
40
18
49
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Pollygonia egea (Cramer, [1775])
Aglais urticae (Linnaeus, 1758)
Nymphalis xanthomeles (Esper, [1781])
Argynnis niobe (Linnaeus, 1758)
Argynnis paphia (Linnaeus, 1758)
Argynnis pandora ([Schiffermauler], 1775)
Argynnis aglaja (Linnaeus, 1758)
Brenthis ino (Rottemburg, 1775)
Brenthis hecate ([Schiffermauler], 1775)
Issoria lathonia (Linnaeus, 1758)
Boloria caucasica (Lederer, 1852)
Melitaea ornate (Christoph, 1893)
Melitaea phoebe ([Schiffermauler], 1775)
Melitaea didyma (Esper, [1778])
Melitaea athalia (Rottemburg, 1775)
Melitaea cinxia (Linnaeus, 1758)
Euphydryas aurinia (Rottemburg, 1775)
Family Lycaenidae
Favonius quercus Verity, 1943
Satyrium ilicis Esper, 1779
Callophrys rubi (Linnaeus, 1758)
Callophrys paulae (Pfeiffer, 1932)
Callophrys suaveola (Staudinger, 1881)
Lycaena phlaeas Linnaeus, 1761
Lycaena thersamon (Esper, 1784)
Lycaena ochimus (Herrich-Schäffer,[1851])
Lycaena alciphron (Rottemburg, 1775)
Lycaena virgaureae (Linnaeus, 1758)
Lycaena candens (Herrich-Schäffer,[1844])
Celastrina argiolus (Linnaeus, 1758)
Cupido osiris Meigen, 1829
Glaucopsyche alexis Poda, 1761
Maculinea alcon (Denis & Schiffermüller, 1775)
Plebejus idas (Linnaeus, 1761)
Plebejus zephyrinus (Christoph, 1884)
Plebejus loewii (Zeller, 1847)
Plebejus eurypilus (Freyer, 1851)
Plebejus agestis (Denis & Schiffermüller, 1775)
Plebejus anteros (Züllich, 1929)
Plebejus crassipunctus (Christoph, 1893)
Plebejus pyrenaicus (Boisduval, 1840)
Polyommatus coelestinus (Eversmann, 1843)
Polyommatus semiargus (Rottemburg, 1775)
Polyommatus thersites (Cantener, 1834)
Polyommatus bellargus (Rottemburg, 1775)
Polyommatus corydonius (Herrich-Schäffer, [1852])
Polyommatus daphnis (Denis & Schiffermüller, 1775)
Polyommatus icarus (Rottemburg, 1775)
Polyommatus ripartii (Freyer, 1830)
Polyommatus eriwanensis (Forster,1960)
Polyommatus ninae (Forster, 1956)
Polyommatus phyllis (Christoph, 1877)
Polyommatus altivagans (Forster, 1956)

2

4

4

1
1

4

9
1

11
1

7

11

11

1
12 9
4 3
1 3
4 4
21 18

3

3

6

7

1
8 13

1
3
1

8

1
8

7

6

3

5

4

5

1
5

8

11
2

10
1

4
1

4
1

7
1

3

4

5
2
1
3
2

4

3

7
1

6

2

3

2
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3

4

3
1
5

4

3

3

3

5

4
4

2
5

2
4

2
3

2

4

2
2
11 10
2
1 1
7 3

6
1
10
6
5
4
9

2
6
5
2
2
15
4
5
3
8

5

1

3
2

1
5
2

2

3

3

3

6
5

6
3
5

5
2
2
4
4

5

2
5

2
1
1

1

1

1

1

2

1

1

3

2
3
2
2
4
8

2

3

1

4
2

5
3

5
5

4
5

3

3
2
8
4
4
5
3

2
2
2
5
3
9
7
7

2
4
5

5
11

4
5
2

2
3

2
4
4

1
8 6
4 3
12 12
5 2
12 8
19 10
8
5

6
6

1
93
13
4
8
68
20
6
2
50
5
2
4
53
3
3
36
2
6
21
2
3
56
14
13
14
34
5
18
8
8
16
5
2
18
3
4
23
17
4
5
35
12
49
11
54
73
3
18
16
2
5
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Abstract. Katili AS, Retnowati Y. 2017. Short Communication: Isolation of Actinomycetes from mangrove ecosystem in Torosiaje,
Gorontalo, Indonesia. Biodiversitas 18: 826-833. Actinomycetes is a group of positive gram microorganism known to produce secondary
metabolic compounds that work as antibiotics, anti-fungus, anti-virus, anti-cancer, and other important enzymes for the industry. This
research aimed at discovering the potentials of Actinomycetes of the mangrove ecosystem in Torosiaje, Gorontalo, Indonesia. It focused
on finding out the diversity of Actinomycetes at mangrove ecosystem in Torosiaje. Hence, various types of Actinomycetes that have
potentials to create secondary metabolic compounds/bioactive compounds for industrial purposes can be found. This purpose can only
be attained through isolation of actinomycetes. This isolation was conducted through characterization of morphological characteristics
of the colony and the spore, molecular characterization through isolation of DNA genome of the actinomycetes, amplification of 16S
rRNA through PCR, sequencing, and reconstruction of the phylogenetic tree. We were able to obtain the actinomycetes isolate from the
sediment in rhizosphere area of Ceriops tagal, Bruguiera gymnorrhiza, Xylocarpus sp, Rhizophora apiculata, Avicennia sp, and
Sonneratia alba species of mangrove. Each isolated actinomycetes has specific morphological characteristics. The density of isolated
actinomycetes in Torosiaje mangrove area was very low with an average of 1 x 105 CFU gram-1 in each sediment.
Keywords: Actinomycetes, diversity, mangrove

INTRODUCTION
Mangrove ecosystem is a wetland in the coastal area
with intertidal zone on the estuary, delta, sub-river system,
lagoon, swamp, mud area especially in the tropical and
sub-tropical areas. As one of the natural resources in the
coastal area, mangrove forest plays important role in the
ecosystem, economy, and the social aspects of life. In
addition to its function as home to biodiversity, mangrove
ecosystem also serves as genetic pool and supports the
overall life cycle of those surrounding the area (Begen
2002). The roots of the mangrove provide nutrients for
other shallow marine biota. The roots provide shelter for
other biological community such as invertebrate algae, and
other microorganisms (Giesen et al. 2006).
The microorganism is one of the crucial components in
mangrove ecosystem, considering their role as decomposer
and their involvement in biogeochemistry cycle. The
mangrove area is influenced by the intertidal. This intertidal, in
turn, influences the distribution and the diversity of the
microorganism in this area. The extreme environmental
condition is a limiting factor for the growth of the
microorganism. Therefore, only groups of microorganism
that are equipped with highly complex survival mechanism
can grow and survive in this area. One of these is the
Actinomycetes. Actinomycetes is a sub-group of Grampositive bacteria group that is equipped with filament and
has a high level of G+C content in its genetic materials.

This organism is widely spread in both aquatic and
terrestrial ecosystem, either natural or manmade ecosystem
and plays an important role in degrading the organic
materials (Naikpatil and Rathod 2011). This organism is
known to have the ability to produce secondary metabolite
with bioactivities such as; antibiotic, anti-fungus, antivirus, anti-cancer, enzymes and other various compounds
that are used within the industry sector (Suthindhiran and
Kannabiran 2010; Mangamuri et al. 2014).
Most of the actinomycetes can be readily found in
nature. Several reports on the ecology of actinomycetes
revealed that this microorganism is also readily found in
extreme environment like those of the mangrove ecosystem.
The mangrove forest condition is vastly different from the
terrestrial habitat. Thus, the distribution and biological
characteristics of actinomycetes in mangrove area are
expected to be different from those of the land ecosystem.
This study is important not only for the sake of basic
research but also for the exploration of the biotechnology
of that particular microorganism (Mangamuri et al. 2012).
Several types of research have been done to explore the
actinomycetes in the mangrove ecosystem. These
halophytic actinomycetes are potential to convert the
bioactive compounds and enzymes (Sahoo and Dhal 2009;
Amrita et al. 2012; Rajamanickam et al. 2014). The usage
of molecular technique to find out the microbes' diversity
has brought significant progress for the microbial ecology.
Hence, it is possible to determine the diversity of natural

KATILI & RETNOWATI – Actinomycetes from mangrove ecosystem

microbes especially underground microbes (Adegboye and
Babalola 2012).
Exploration of actinomycetes in mangrove ecosystem is
not commonly done in Indonesia, especially in Gorontalo
Province. The southern coastal mangrove ecosystem of
Gorontalo, in the area of Torosiaje village, has never been
explored for its microbial diversity and the microbial
metabolite. Hence, it is possible to explore and find out
new types of actinomycetes from this mangrove ecosystem.
Therefore, this research was designed to explore the
diversity of actinomycetes of the mangrove ecosystem in
Mangrove coastal area in the southern part of Gorontalo,
and the ultimate objective of this research is to screen the
bioactive compounds. This microbial screening is an
important aspect because it serves as the source of
secondary metabolite production that has high economic
pharmacologic-biological activities. Previous researches
have explored actinomycetes in several mangrove areas
and have proven that those microbes were able to produce
secondary metabolites that serve as anti-bacterial and even
as anti-tumor compounds (Arifuzzaman et al. 2010). This
research focused on finding out the diversity of actinomycetes
from Torosiaje mangrove area. This is important as a data
source for exploration of bioactive compounds that are
important for the biotechnology; hence, this research is
expected to serve as basic data for further researches in the
pharmaceutical industry for the development of bioactive
compounds production with biologic activities.
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MATERIALS AND METHODS
Study area
The samples of sediment were taken from the mangrove
forest area in Torosiaje Village, Popayato Subdistrict,
Pohuwato District, Gorontalo Province, Indonesia, and the
samples then were sent for further examination at the
Laboratory of Microbiology, Department of Biology,
Faculty of Mathematics and Natural Sciences, Universitas
Negeri Gorontalo (State University of Gorontalo),
Indonesia and the Laboratory of Microbiology, Universitas
Gajah Mada, Yogyakarta, Indonesia, as well as the
Assessment Institute for Agricultural Technology (BPTP)
of Yogyakarta for physicochemical analysis of the
sediment.
The sample locations are marked using the GPS
coordinate. The lower zone comprises of four plots with the
coordinate of each plots are: plot 1: N. 00o.28”.494’; E.
121o.27”.576’; plot 2: N. 00o.28”.505’; E. 121o.27”.568’;
plot 3: N. 00o. 28”.4,82; E. 121o.27”.560’; and plot 4: N.
00o.28”.480’; E. 121o.27’.548’. The middle Zone consists
of plot 1 N. 00o.28”.476’; E. 121o.27”.574’; plot 2: N.
00o.28”.505’; E. 121o.27”.568’; plot 3: N. 00o. 28”.4,82; E.
121o.27”.560’; and plot 4: N. 00o.28”.482’; E.
121o.27’.581’. Immage of these four plots is shown in
Figure 1.

Figure 1. Map of sampling location in mangroves forest of Torosiaje, Pohuwato District, Gorontalo Province, Indonesia
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The tools used in this research were: laminar air flow,
autoclave, incubator, oven, water bath, analytic scale,
incubator shaker, micropipette, light microscope, electron
microscope, medium speed centrifuge, high-speed
centrifuge, electrophoresis set, thermocycler, vortex, glass
tubes, soil tester, Han clinometer, lux meter, thermometer,
DO meter. The materials used in this research were: Starch
Casein Agar medium, Ringer's solution, yeast malt
dextrose agar medium, glass bead, lysozyme enzyme,
RNAase, phenol, chloroform, buffer TE, absolute ethanol,
ethanol 70%, proteinase K, CTAB, SDS, ethidium
bromide, cyclohexamide, and nystatin.
Procedures
The data collected in this research were a diversity of
actinomycetes isolated from the samples of mangrove
rhizosphere sediment. The data was collected through the
following procedures.
A collection of samples from mangrove forest sediment:
The sampling techniques were based on the purposive
sampling or stratified random sampling methods. The
samples were collected from the upper zone area especially
from Xylocarpus sp, Ceriops tagal, Sonneratia alba and
Avicennia marina species of mangrove and were collected
in five sampling points. The samples of sediments were
collected using the modified soil core in the depth of 0-20
cm. Further, the five sampling points of each rhizosphere
were then composited in the size of about 500 g. The
composite sediment samples were then put into a sterilized
sample bag and stored in a cooling box with an ice pack to
preserve the sample quality.
Physicochemical analysis of the sediment: The
chemical analysis of the soil that consisted of pH and
salinity test were conducted directly in the field, and
analysis of organic carbon level, nitrogen, phosphor,
potassium, Zinc, iron, magnesium, cuprum, and soil texture
were conducted in the laboratory.
Total genome analysis of the sediment: Total genome
analysis on samples were conducted through isolation of
DNA from the samples. Five g of sediment samples were
taken and then added with 5 mL of the buffer lysis, 0.8 g of
glass beads, 30 µL of proteinase K (20 mg mL-1), 70 µL
lysozyme, 750 µL of 10% CTAB, and 1.5 mL of 20% SDS.
Then, we vortexed the mixture for about 5 minutes and
incubated them for 2 hours in a 65 0C water bath. The
mixture was mildly shaken in every 30 minutes. After that,
we centrifuged the mixture in 3000 rpm speed for 20
minutes in 4 0C temperature room condition. The formed
supernatant was then separated from the palate using the
pipette and transferred into a 2 mL tube. Chloroform was
added to the tube with the ratio of 1: 1 (supernatant:
chloroform). The tube was shaken in high speed for 15
minutes, vortexed for a moment, and centrifuged in 12000
rpm for another five minutes. The supernatant was
collected in a conical tube and added with absolute ethanol
by the ratio of 2:1 of the supernatant. It was then stored
overnight in-20 0C temperature and centrifuged at 12000
rpm for ten minutes in 1.5 mL of Eppendorf tube (the
supernatant was disposed of in each centrifugation) or the
pellet was taken directly. The DNA pellet was the added

with 70% ethanol and centrifuged in 12000 rpm for 10
minutes. The supernatant was then disposed to let the DNA
pellet stick on the bottom of the tube. The tube containing
DNA pellet was then added with 30 µL of TE stored
overnight at 4oC temperature. The DNA quality was the
checked through visualization using agarose gel
electrophoresis.
Isolation of Actinomycetes: The samples were air-dried
in room temperature and pretreated before isolation of the
actinomycetes. Ten grams of sample were put into the
ringer solution and heated at 55 0C water bath for 15
minutes. The pretreated soil suspension was then
undergone series of dilution process in the dilution level of
10-1-10-5. A 100 µL of suspension was planted with surface
plate technique in Starch Casein Agar medium (SCA) g/L:
10 g L-1 of starch, 1 g L-1 of casein powder, 15 g L-1 of
agar, 50% of sea water and pH 7.2 ± 0.2 (Baskaran et al
2011) and supplemented with 25 µg mL-1 cycloheximide
and 25 µg mL-1 of nystatin to minimize the growth of other
bacteria and fungus. This sample was incubated at the
temperature of ± 2 ºC for 28 days. After the growth
indicated by a morphologically different colony, this
colony was then purified to obtain pure isolate by
scratching it into Yeast extract-malt extract dextrose agar
(ISP 2) medium. The purified colony was then further subcultured in an agar slope as a pure stock culture.
Determining
the
density
of
actinomycetes:
Actinomycetes density in each rhizosphere of mangrove
plants was determined by calculating a number of colonies
in an isolation medium using the colony counter. The
number of colonies was stated in Colony Forming Unit
(CFU) and calculated using the following formula: CFUgr-1
= number of actinomycetes colony x 1/dilution factor
Characterization of actinomycetes morphology:
Morphological characteristics consisted of morphology of
the colony (color, shape, structure of the colony edge),
characteristic of culture and the aerial mycelium color), and
substrate was observed by growing the actinomycetes
isolate in starch casein agar (SCA) medium, yeast extractmalt extract agar (ISP 2), oatmeal agar (ISP 3), Inorganic
salt starch agar (ISP 4), glycerol asparagine agar (ISP 5),
Tyrosine agar (ISP 7) and agar clusters in the temperature
of 30 0C for 14 days. The morphology of the spore was
observed using SEM.
Molecular characteristics. Molecular characteristics of
the actinomycetes isolate were derived from several stages,
i.e. isolation of actinomycetes DNA, amplification of 16S
RNA gene using the PCR, and sequencing the CPR
product.
RESULTS AND DISCUSSION
Description of the sample sites in Mangrove forest of
Torosiaje, Gorontalo
This research was conducted in Torosiaje mangrove
forest area with a karst ecosystem. This mangrove forest
was not influenced by the river flow. Hence, the fresh
water needed for the growth of mangrove trees was
supplied by the ground water. The type of mangrove in this
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area was basin mangrove forest and overwash mangrove
forest that composed of the species such as Rhizophora
mucronata, Rhizophora apiculata, Bruguiera gymnorrhiza,
Xylocarpus sp, Avicennia marina, Ceriops tagal, and
Sonneratia alba. The survey revealed that the mangrove
forest in Torosiaje was still considered natural and intact
mangrove forest due to the population that consisted of
trees, sapling, and seedlings. The basin mangrove forest as
the main site from which the samples were taken was
divided into three zone, upper, middle, and lower zone. The
mangrove trees found in this location were Rhizophora
apiculata, Bruguiera gymnorrhiza, Xylocarpus, Avicennia
marina, Sonneratia alba and Ceriops tagal.
Torosiaje mangrove forest was influenced by the
periodic tidal every four hours. The height of the water
during high tide was 1.5 meter from the forest bed. This
influences the physicochemistry of the forest bed,
especially the sediment as the habitat of the actinomycetes,
the focus in this research.
Measurement result of physical and chemical properties
of the sediment
Middle and lower mangrove forest zone sediments have
different physical and chemical conditions than those of the
measurement results as shown in Table 1. These
measurement results showed quite significant differences in
physical and chemical properties of the sediment between
two different sample locations. This condition may
influence the distribution and diversity of the
actinomycetes.
Result of DNA Analysis from the genome of the
sediment
The analysis of the DNA genome within the soil sample
showed that the sample from this upper zone mangrove
plants rhizosphere contained the DNA genome. The
isolation of DNA genome was followed by visualization of
DNA in DNA agarose gel electrophoresis as shown in
Figure 2. This figure indicates that based on the formed
band position in the visualization using agarose gel
electrophoresis, the four bands are in the same range
position. The four sediment samples show the similarity of
microbes population that inhabit the mangrove plants
rhizosphere.
Density of Actinomycetes in rhizosphere sediment
Actinomycetes density in lower and middle zones of
Torosiaje mangrove forest rhizosphere can be determined
through stages of actinomycetes isolation. Actinomycetes
isolation was conducted through Starch Casein Agar (SCA)
medium in the temperature of 30 0C for 30 days to obtain
several isolates, which are a combination of nonactinomycetes and actinomycetes bacteria. The growth of
non-actinomycetes and actinomycetes bacteria in SCA is
shown through different morphological characters as
presented in Figure 3.
Non-actinomycetes and actinomycetes bacteria were
grown in SCA medium after 30 days incubation at the
temperature of 30 0C showed different colony morphology.
The growing colony was then calculated to determine the
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density of the bacteria (Table 2). It is revealed in Table 2
that the population density of actinomycetes isolated from
the sample sediment of mangrove plants rhizosphere is
lower than that of the non-actinomycetes bacteria. This is,
presumably, due to the environmental factor that was not
favorable to the growth of general actinomycetes, hence,
only several types of actinomycetes that are tolerance to the
environment condition of mangrove ecosystem can grow
here.
Table 2 shows five isolates of actinomycetes that were
isolated from the rhizosphere of mangrove plants from the
species of Xylocarpus sp, Bruguiera gymnorrhiza and
Ceriops tagal. This indicates specific correlation among
actinomycetes and certain types of mangrove plants.
Table 1. Analysis of physical and chemical properties of the
sediment from the middle and the upper-level zones of mangrove
forest
Parameter

Middle zone

Ph
Salinity
Texture:
Sand
Dust
Clay
C-Organic
N-Total
Sulfur (S)
Nitrate (NO3)
Iron (Fe)
Mn
Zinc (Zn)
Coal (Cu)

5.33
18.57

Lower
zone
5.76
19.21

62.00
31.00
7.00
6.24
0.25
0.38
0.07
58.00
9.00
2.00
200.00

84.00
10.00
6.00
1.43
0.06
0.20
0.01
53.00
3.00
0.30
1.00

A

B

C

D

Figure 2. DNA Genome Visualization of sample sediments from
the mangrove plants rhizosphere in Torosiaje, Gorontalo. The four
sediment samples from all zones show the similarity of microbes
population that inhabit the mangrove plants rhizosphere. A. The
sediments sample 1; B. The sediments sample 2; C. The
sediments sample 3; D. The sediments sample 4
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Figure 3. Development of non-actinomycetes and actinomycetes bacteria in SCA medium after 30 days incubation in 300C temperature.
The arrow points the suspected actinomycetes isolates

Table 2. Number of bacteria and Actinomycetes that grow in
SCA medium after 30 days of incubation
Sample origin

Rhizosphere Sonneratia alba
Rhizosphere Avicennia marina
Rhizosphere Xylocarpus sp.
Rhizosphere Ceriops tagal
Rhizosphere
Bruguiera
gymnorrhiza
Rhizosphere Rhizophora apiculata

Number
of total
bacteria
(cfu g-1)
25 x 103
155 x 103
7.5 x 105
11 x 105
12 x 105

Number
of
actinomycetes
(cfu g-1)

30 x 103

0

0
0
2 x 105
2 x 105
1 x 105

Morphological characteristics of actinomycetes isolates
Morphological characteristics of Pureactinomycetes
isolate were observed from the color of their aerial
mycelium color, substrate mycelium grown on several
different media such as SCA, SCA, ISP 3, ISP 4, and
Cluster's Agar. In addition, the observation was also
conducted on the pattern on spores' ornamentation. The
morphological characteristics of these actinomycetes in
several media are shown in Table 3.
Actinomycetes have the ability to produce spores in
their growth. The morphological characteristics of spores
ornamentation is one of the important characters in

revealing the identity of actinomycetes isolates.
Observation result of the actinomycetes isolates using the
SEM is shown in Figure 4.
The figure 4 show that the result of characterization
based on color grouping on ISP 3 medium and spore
morphology indicates that isolated actinomycetes isolated
from the rhizosphere of some mangrove species in the
mangrove ecosystem of Torosiaje show character as a
member of the genus Streptomyces.
Molecular characterization of Actinomycetes
Pure actinomycetes isolate from the mangrove plants
rhizosphere sediments in Torosiaje are was molecularly
characterized. The initial stage of this molecular
characterization was the isolation of actinomycetes
genomic DNA which then followed by DNA visualization
in 1% agarose gel electrophoresis as shown in Figure 4.
Figure 5 indicates that isolation of DNA has succeeded
to obtain the genomic DNA, which is shown by the
appearance of bands of DNA genome. These genomic
DNA were then amplified using the 16S rRNA genes
through PCR technique. The amplification result was
visualized by agarose gel electrophoresis as shown in
Figure 6. PCR amplification of 16S rRNA gene of isolates
B1, C1, and C2 in Figure 15 shows that the amplicon has
nucleotide length of more or less than 1500 bp.
Rhizosphere sediment is a habitat that supports the
growth of microbes due to the aerobic condition provided
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directly from the sediment sample is one of the methods
employed to study the community and diversity of the soil
microbes. This method is classified as a unculturable
method that does not need laboratory isolation of the
microbes. The unculturable method is very effective
because it can properly uncover the microbe community,
either microbe groups that can or cannot be cultured in the
laboratory. This will further become the basis for microbial
isolation, especially actinomycetes (Bahnamiry et al. 2013).

by the root system. In addition, exudate production of root
cells also provides the nutrition needed for the microbes to
grow. This is evident in the analysis of genomic DNA from
the sample of mangrove plants rhizosphere sediments in
Torosiaje, Gorontalo. DNA visualization using agarose gel
electrophoresis shows the genomic DNA ribbons isolated
from the sediments of mangrove plants rhizosphere. This
indicates the presence of microbial community within the
root system of mangrove plants. Isolation of genomic DNA

Table 3. Culture characteristics of actinomycetes isolate on several growing medium.
No

Medium

1.

Starch casein agar
Growth
Aerial mycelium
Substrate mycelium
Colony edge
Cluster’s agar
Growth
Aerial mycelium aerial
Substrate mycelium
ISP4
Growth
Aerial mycelium
Substrate mycelium
Oatmeal Agar (ISP3)
Growth
Aerial mycelium aerial
Substrate mycelium

2.

3.

4.

B-1

C-1

Good
White
Brownish
Fibrous

Good
White
White
Smooth

Less good
White
Brownish

Actinomycetes isolate
C-2

X-1

X-2

Good
White
Brownish
Smooth

Good
Gray
Black
Smooth

Good
White
Brownish
Smooth

Not good
-

Less good
White
Brownish

Good
Gray
Black

Not good
-

Less good
White
Brownish

Good
White
Brownish

Good
White
Brownish

Good
Gray
Black

Good
White
Brownish

Good
White
Brownish

Less good
White
White

Good
White
Brownish

Good
Gray
Black

Good
White
Creamy White

A

B

D

E

C

Figure 4. SEM spore morphology of Actinomycetes isolate rhizosphere mangrove plant. A. Isolate C1; B. Isolates C2; C. Isolate X1; D.
Isolate X2; E. Isolate B.
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A

B

C

D

E

Figure 5. DNA profile of actinomycetes genome from the
sediments of mangrove plants in Torosiaje, Gorontalo. A. Isolate
B-1; B. Isolate C-1; C. Isolate C-2; D. Isolate X-1; E. isolate X-2.
The arrow is pointing the position of DNA ribbon of
actinomycetes genome

M B1.1 B1.2 B1.3 C1.1 C1.2 C1.3 C2.1 C2.2 C2.3

Figure 6. Profile of 16S rRNA gene from PCR in electrophoresis
agarose gel with ethidium bromide as a fluorescent tag. M.
Marker,; B1-1 to B1-3. Isolate B-1; C1-1 to C1-3. Isolate C-1;
C2-1 to C2-3. isolate C-2; The Arrow is pointing the position of
DNA ribbon of actinomycetes genome

The mangrove forest condition in Torosiaje Gorontalo
is one of the key factors that influence actinomycetes'
diversity. The availability of free fresh water from the river
environment is one of the opportunities for the
actinomycetes that grow in this area become an indigenous
type. Actinomycetes types found in the mangrove area of
Torosiaje is the one that can endure the extreme
environment, especially high salinity. Nevertheless, the
environmental factor is also one of the factors that limit the
diversity of the actinomycetes in this area. This is evident
of the number and types of actinomycetes obtained from
this area that is less than those of non-actinomycetes
bacteria. In addition, the physicochemical condition of the
sediments, especially in this lower and middle zone of the
fringe type mangrove forest largely determines
actinomycetes diversity. This is proven by the findings of
varying actinomycetes found in these two zones. In the

middle zone where mangrove types are more varied, more
types and number of actinomycetes were also found as
compared to those in the lower zone. Four types of
actinomycetes isolates were found in the sediment of
mangrove plants rhizosphere in the middle zone and only
one type isolate was found in the lower zone. This is
probably due to the soil texture property. The more sandy
soil texture of the middle zone, as compared to that of the
lower zone, might have caused the sediment in this zone to
be more porous. This porous soil texture provides a more
oxygenic condition than the clay soil texture type of the
sediment in the lower zone.
Fringe type vegetation conditions of the mangrove
forest in Torosiaje were varied between the two zones. The
lower zone was dominated by the Rhizophora apiculata
and some Bruguiera gymnorrhiza. Whereas, in the middle
zone, several mangroves types grew evenly such as
Xylocarpus sp, Avicennia marina, Sonneratia alba and
Ceriops tagal types were found. This varying vegetation
condition plays an important role in determining the
diversity of actinomycetes. In the present study, we found
four types of actinomycetes isolates in the rhizosphere of
mangrove sediments in the middle zone, two types in
Ceriops tagal rhizosphere and two types in Xylocarpus sp
rhizosphere. On the other hand, there was no actinomycete
found in the rhizospheres of Avicennia marina and
Sonneratia alba. In the lower zone, actinomycetes were
only found in the rhizosphere of Bruguiera gymnorrhiza,
and none was found in Rhizophora apiculata’s rhizosphere.
These findings proved that the types of mangrove species
determine the distribution, amount, and diversity of
actinomycetes. The existence of mangrove vegetation in an
ecosystem plays an important role in providing organic
materials into the environment. The litter produced by
mangrove vegetation is the main source of nutrient to
nurture the microbial growth. Actinomycetes are one of the
decomposers that play a role in decomposing complex
organic materials into simple organic materials.
Nevertheless, a microbe's ability in decomposing waste is
also influenced by chemical compounds in that waste. The
high level of tannin in a waste weakens the composition
ability of a microbe. In other words, only certain types of
microbes that are able to decompose tannin are able to
carry out the decomposition process. This condition is
likely to be a factor that influences the diversity of
actinomycetes in mangrove plants' rhizosphere. This is
evident in the isolation of actinomycetes from Rhizophora
apiculata’s rhizosphere. This type of mangrove is known to
have a high level of tannin; hence, it is possible that there
were no actinomycetes found in the rhizosphere of
Rhizophora apiculata.
The root system or rhizosphere is a suitable
environment for microbes to grow. Microbe population in
the rhizosphere is far beyond the non-rhizosphere areas.
The cell ability in the secretion of organic material
exudates as important nutrients for microbes. Nevertheless,
there is a specific correlation between exudate produced by
the roots and the types of microbes in the rhizosphere. It
influences the distribution, abundance, and diversity of
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microbes, including actinomycetes. Therefore, this research
shows that rhizosphere of certain mangrove plants contains
actinomycetes with specific characters. Two actinomycetes
isolate found in the rhizosphere of Xylocarpus sp. showed
characters that were different from two actinomycetes
isolates found in Ceriops tagal’s rhizosphere and one
isolate found in Bruguiera gymnorrhiza’s rhizosphere.
Characterization is a crucial part in revealing the identity of
an organism, including unveiling the identity of
actinomycetes isolate found in the rhizosphere of mangrove
plants. The characters are basically composed of
morphological, physiological, and biochemical characters.
The characterization of the culture of actinomycetes
isolates shows different growing capacity of each isolate in
several media. In addition, the aerial and substrate mycelia
produced by each isolate are also important characters.
Microscopic observation using the SEM electron microscope
showed that all five isolates had different morphology.
Based on these data, it is suspected that the actinomycetes
isolates found were of different types of isolates.
Advancement of molecular biology has made a
tremendous breakthrough in unveiling the identity of
certain microbe isolate based on the molecular
characteristics of gene marker 16S rRNA. This activity was
preceded by isolation of genomic DNA of actinomycetes.
The isolated DNA was then qualitatively analyzed using
agarose gel electrophoresis. In this research, we were able
to find DNA ribbons, the genomic DNA of actinomycetes
isolates. This isolated DNA was then subjected to PCR
amplification of 16S rRNA gene region using RC17 and
FC1492 universal primers with PCR amplicons of 1500 bp,
which corresponded to the length of 16S rRNA gene. This
result implies that the amplification process using the PCR
successfully amplified the 16S rRNA gene.
To summarize, It can be concluded from the findings
and the discussion of this research that the mangrove forest
in Torosiaje has actinomycetes as its natural resources
potentials stored within the sediment of mangrove plants’
rhizosphere. There were five actinomycetes isolates
isolated in this research with an average density of 1 x
105CFU g-1. Of those five isolates, one isolate was found in
Bruguera gymnorrhiza’s rhizosphere, two isolates were
found in Ceriops tagal’s rhizosphere, and two isolates were
found in the rhizosphere of Xylocarpus sp. Each
actinomycetes isolate showed unique morphological
characteristics of aerial mycelium and mycelium substrate
and different growth ability in the Starch Casein Agar,
Oatmeal agar, Inorganic Salt Starch Agar and Cluster Agar
media.
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Abstract. Partasasmita R, Iskandar J, Rukmana. 2017. Naga people’s (Tasikmalaya District West Java, Indonesia) local knowledge of
the variations and traditional management farm of village chickens. Biodiversitas 18: 834-843. There is a strong maintain on the
traditional Sundanese traditions among the village people West Java in the modern agricultural and the livestock farming. For example,
they have not adopted modern of race chickens with high external inputs, including chicken breeders, chicken foods, vitamins,
antibiotics, and various modern medicines. Ordinarily, the consequence of this in a situation the village people have traditionally farmed
the various village chickens based on local knowledge and strongly embed by culture. Recently, however, the traditional farming of the
village chickens in many villages of West Java, has dramatically affected by rapid development of the introduction of commercial the
modern race-chickens farming. As a result, the diversity of village chickens has dramatically decreased. In addition, the production
system of the village chicken farm has extremely depended on external inputs. This paper discusses on local knowledge of Naga people
of Tasikmalaya, West Java on variations and cultural practice among the Naga people in the managing of the village chicken farm. The
method used in this study was mixed of qualitative and quantitative with the ethnozoological and ethnobiological approach. The result
of the study shows that Naga people of Tasikmalaya, West Java has well-recognized variations of the village chickens which is based on
the folk classification at the level specific and varietal. Until recently, the Naga people have traditionally managed the village chickens
in the sustainable system due to economically viable, ecologically appropriate, and adaptable to socio-cultural traditions.
Keywords: Ethnozoological, local knowledge, Naga community, village chicken, West Java

INTRODUCTION
Indonesia has a rich diversity of local chicken because
Indonesia has been recognized as one of the domestication
centers of chicken in the world, in addition to Tiongkok
and India (Sulandari 2007). On the basis of morphological
characteristics, the local chicken or non-race chicken (ayam
bukan ras/buras) of Indonesia has been revealed 31 local
variations. They can be divided into two groups, namely
specific chicken that has special characteristics, such as
ayam Cemani, ayam Kedu, and ayam Merawang; and nonspecific chicken or ‘village chicken’ (ayam kampung) that
has wide distribution in many areas of Indonesia (Sulandari
et al. 2007; Sastrapradja 2010). Traditionally, various
‘village chicken’ (ayam kampung) have been
predominantly farmed for a long time by the village
communities of West Java. For example, based on the
village ecological research conducted from 351 household
respondents of 16 villages in the Citarum Watershed, West
Java in 1970s, revealed the village chicken was one of the
dominant livestock that are farmed by respondents
(Karyono et al. 1977). Initially, various village chickens
have predominantly farmed based on traditional ecological
knowledge with deeply embedded with traditional culture
(cf. Toledo 2002). Therefore, various inputs, such as
chicken breeder, chicken food, vitamins and chicken
medicines for production of chicken farming system have

predominantly obtained from internal (village) instead of
buying from urban or overseas. In other words, in general,
the low external inputs and sustainable agriculture (LEISA)
and organic farming have been mainly applied by the
village people to farm various village chickens (cf.
Reijntjes et al. 1992).
Traditionally, by the management of the village
chickens, some ecological and socio-economic and cultural
benefits, such as dung manure, meat, and egg of chicken to
fulfill the household needs have obtained by village people
(cf. Soemarwoto and Soemarwoto 1984; Sidadolog 2007).
Recently, however, the traditional farming systems of
village chickens in many villages of West Java, has
dramatically affected by rapid development of introduction
of the commercial race-chickens farming. It has been
supported by the high capital and various external inputs,
such as day of chicken (DOC), artificial food, vitamins,
antibiotics, and factory medicines. Interestingly, many
people in a number of industrialized countries regularly use
some form of traditional complementary or alternative
medicine (TCAM) for treating livestock/pets, such as
Germany (75%), Canada (70%), England (47%) and
Ethiopia (90%) (Kayne 2010; Thomas et al. 2001; Yiguze
et al. 2014). As a result, since 1970s many village people have
adopted the commercial race-chickens and homogenously
farming race-chickens. Indeed, the diversity of various
village chickens has rapidly decreased. Consequently, the
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diversity potential of various village chickens for breeding
programs to produce superior chickens, such as health
meat, pest resistant, and adapted to local ecological and
socio-economic conditions would be lost. Indeed, various
traditional ecological knowledge of village people on
ecological and biological have disappeared.
This paper discusses on local knowledge of Naga
community of Tasikmalaya, West Java on variations and
cultural practice among the Naga community in the
managing of village chicken farm.

MATERIALS AND METHODS
Study area
This research was undertaken in the hamlet (kampung)
of Naga, village (desa) of Neglasari, sub-district (kecamatan)
of Salawu, district (kabupaten) of Tasikmalaya, provinsi
(province) of West Java (Figure 1). The Naga is a hamlet
situated in the valley of edge main road to connect Garut
and Tasikmalaya. The hamlet location has a distance
approximately 26 km and 30 km from Garut and
Tasikmalaya, respectively. To reach the Naga hamlet from
the main road, we must walk traverse a hundred steers of
footpath and Ciwulan dike of the river approximately less
than one km. The Naga hamlet has a total area of 1.5 ha.
Traditionally, the area can be divided by the local
community into three main zoning, namely ‘holy area' or
'sacred place' (kawasan suci), ‘clean area’ (kawasan bersih)
and ‘dirty area’ (‘kawasan kotor’) (Suganda 2006; Iskandar
2009). The first zoning, the holy area, consists of mature
forest that is considered as a sacred place. Because bases
on the Naga perception, their ancestors have been buried in
this forest and must be respected. This forest area is
traditionally prohibited from conversing for agriculture
activities. Indeed, the trees of the forests are prohibited to
cut. As a result, various flora and fauna have been properly
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maintained over time. The second zonation, clean area as
the people settlement comprises houses (imah), mosque
(mesjid), meeting house (bale patemon), special house to
store of heirlooms (benda pusaka) and rice barn (leuit). The
houses are built close together. The front, back and sides of
the house are called buruan, jarian or buri, and pipir,
respectively. The buruan can never be planted with crops
and is mainly used by playing children or for drying rice
and other crops. The Naga houses are constructed from
wood, bamboo, and aren leaf, and aren palm fibre. The
houses are typically built on stilts over a base of stone, are
timber-framed with the floor about 50 cm from the house.
The space under the house is generally kept free through
may be used for firewood or chicken house. This area is
kept to solid wastes, such as dung of buffalo and ships.
Meanwhile, the third zoning, the dirty area, is located on
the edge of settlement consist of the sheepfold, fishpond,
and bathroom above the fish pond. The fish pond has an
important role in harvesting rain, to rare fishes, to crops
various vegetables in fishpond dike (Iskandar 2009). In
addition, the rice field, garden, and perennial mixed garden
are placed outside of the settlement area.
The Naga people have been recognized as one of the
traditional communities in West Java with a total
population recorded people 298 individual, representing
100 households in 2015. Some traditions including
constructing a house and using electricity have been
prohibited by the Naga culture. The main subsistence of the
people revealed as farmers and bamboo craftsmen. Some
livestock, such as village chicken, sheep, and goat have
traditionally farmed by people. In addition, various species
of fish, such as common carp/ikan mas (Cyprinus carpio),
tilapia/mujaer (Tilapia mossambica), nila (Tilapia nilotica),
tawes (Puntius javanicus), tambakan (Helostoma
temminci), gurami (Osphronemus gourami), and
catfish/lele (Clarias batrachus) have been traditionally
reared in the fishpond.

Bandung

Garut

Naga
Hamlet

Tasikmalaya

Figure 1. Study area of Naga Hamlet, Neglasari Village, Salawu Subdistrict, Tasikmalaya District, West Java, Indonesia
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Procedure
The method used in this study was mixed of qualitative
and quantitative with the ethnozoological and
ethnobiological approach (cf. Newing et al. 2011; Iskandar
2012; Albuquerque et al. 2014). It means, this study
approach is most emphasized on human perceive, classify,
names, and use of biology or zoology, particularly chickens
(cf. Carlson and Maffi 2004; Ellen 2006). For collecting
the qualitative data, field observation and deep interview
with informants were applied. Some field observations on
environmental conditions, such as settlement, agricultural,
and forest, and people activities in management village
chicken were undertaken. In addition, deep interview with
competent informants, such as informal leaders, village
administration leaders (RT, RW), old male and female
farmers was carried out. Meanwhile, for collecting the
quantitative data, the semi-structure interview with
respondent using questionnaire was applied. To decide the
respondent number, statistical formula of Lynch et al.
(1974) used as presented bellow:
N.Z2.P.(1-P)
n= ---------------------N.d2 + Z2 (1-P)
Where,
n = sample number, 33 households (respondents)
N = total household population of Naga hamlets (100
households)
Z = normal variable value (1.96)
P = largest possible proportion (0.50)
On the basis of statistic calculation, 33 households of
respondent were randomly selected and interviewed using
questionnaire sheets that have been prepared in advance.

Data analysis
The qualitative data collected by the field observation
and deep interview with informants were analyzed by
cross-checking, summarizing and synthesizing, and
narrated with descriptive analysis. Meanwhile, the
quantitative data obtained from questioner with
respondents were calculated by simple statistic, mainly
presents of respondent answering of the question are and
then narrated with descriptive analysis (cf. Newing et al.
2014).

RESULTS AND DISCUSSION
Local knowledge of village chicken variation
The Naga term for the chickens generally is hayam or
ayam in Indonesian. On the basis of folk classification as
mentioned by Berlin et al (1973) and Berlin (1992), the
Naga people recognize four taxonomic levels, namely the
level of live-form ungags, followed by generic, specific
and varietal, as hayam, hayam kampung, and various
hayam kampung, respectively (Table1).
As it can be seen from the Table 1, the Naga people
well recognize the chicken classification particularly at the
level three and four which is analog with species/specific
and varietal in term of biological scientific classification.
The folk classification of Naga people is similar to Karam
(Bulmer 1967), Katengan (Diamond and Bishop 2000),
Wola, Papua New Guinea (Sillitoe 2003), and
Karangwangi (Iskandar et al. 2015) in that it has well
recognized the chicken classification particularly at the
level species/specific and varietal.

Table 1. Folk classification*) of Naga people, Tasikmalaya, West Java, Indonesia on various chickens
Level

Rank

Sundanese

Indonesian

English equivalent

0
1
2
3
4

Unique beginner
Life form
Generic
Specific
Varietal

Sato
Unggas
Hayam
Hayam kampung
Hayam (kampung) rengge
Hayam (kampung) borontok
Hayam (kampung) hideung
Hayam (kampung) bodas
Hayam (kampung) beureum
Hayam (kampung) hideung bangbara

Bintang/Satwa
Unggas
Ayam
Ayam kampung

Animal
Domestic fowl
Chicken
Village chicken, Non-race chicken
Yellow, red and black feather chicken
Black and white feather chicken
Black color feather chicken
White color feather chicken
Red color feather chicken
Blackish color feather chicken or similar
to that of black beetle (bangabara) color
Blackish color white patch chicken
feather or similar to that of Asian Pied
Starling (manuk jalak)
Curly feather chicken
Small size chicken
Cockfight chicken
Non-cock fight chicken

Hayam (kampung) bulu jalak

Hayam (kampung) rengge
Hayam (kampung) kate
Hayam (kampung) adu
Hayam (kampung) lisung
Note: *) Adapted from Berlin et al. (1973); Berlin (1992)

Ayam hitam
Ayam putih
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Traditionally, according to informants of the Naga
people, chickens can be classified by Naga people into 5
variations, namely domestication, distinctive color, body
size, a crowing cock, and crough to fight.
Domestication
On the basis of the Naga perception, in terms of the
domestication of chicken can be divided into two
categories, namely hayam leuweung (forest chicken or wild
chicken) and hayam piaraan (domesticated chicken). The
hayam leuweung (wild chicken or fowl) are traditionally
recognized two kinds, namely cangehgar (green fowl) and
kasintu (red fowl). Like the Naga perception, Western
scientifically it has been known two species of wild fowl in
Indonesia, namely green fowl or Gallus gallus varius
(Gallus varius) and red fowl or Gallus gallus bankiva
(Gallus bankiva). The Gallus varius has naturally
distributed in Java, Lombok, Bali, Lombok, Sumbawa, and
Flores (cf. King and Dickinson 1975; Sulandari et al.
2007). Meanwhile, the Gallus bankiva has distribution in
Java, Sumatera, and Bali (Sulandari et al. 2007). The latter
category, the hayam piaraan has been recognized as a
result of domestication with a scientific name as Gallus
domesticus. According to the Naga people, hayam piaraan
can be divided into categories, namely hayam kampung
(village chicken) or hayam bukan ras/buras (non-race
chicken) and hayam nagri or hayam ras (race chicken). In
terms of biological classification, both the wild and
domesticated chickens are categorized as the kingdom of
Animalia, class of Aves, order of Galliformes, a family of
Phasianidae, and genus of Gallus.
On the basis of ecological history, the wild chicken was
domesticated in Asia 8,000 years ago that have been
originally domesticated in the round of Yellow river of
China and the Indus valley of India. As a result, both areas
have been recognized as a center of chicken domestication
in the world. Moreover, the domesticated chickens have
been distributed around the world. On the basis of
morphological characteristics, it has been revealed 31 kinds
of local chickens in Indonesia. The local chickens or nonrace chickens (ayam bukan ras or buras) can be divided
into two main groups, namely local specific chickens that
have special characteristics, such as ayam Cemani, ayam
Kedu, ayam Merawang, ayam Nunukan, ayam Kedu Putih,
etc; and non-local specific or popularly known as ‘village
chicken’ (ayam kampung) (Naatmijaya 2000; Sastrapradja
2010).
Distinctive color and feather forms
According to informants of Naga people, the village
chickens can be divided to among other things by
distinctive feather colors, namely hayam (kampung) rengge
(yellow, red and black (village) color feather chicken),
hayam (kampung) borontok (mixing black and white
(village) color feather chicken), hayam (kampung) hideung
(black (village) color feather chicken), hayam (kampung)
bodas (white (village) color feather chicken), hayam
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(kampung) beureum (red (village) color feather chicken),
hayam (kampung) hideung bangbara (Blackish color
feather chicken or similar to that of black beetle
(bangabara) color), and hayam (kampung) bulu jalak
(Blackish color white patch chicken feather or similar to
that of Asian Pied Starling (manuk jalak). In addition,
based on informants the village chicken can traditionally
divided into curly feather chicken or popularly known by
village community as hayam rintit (curly feather chicken)
and normal feather chicken form (hayam bentuk bulu
normal). Like Naga people, the Karangwangi people have
also traditionally classified birds based on distinctive color,
such heulang hideung or black eagle (Ictinaetus malayesis)
and heulang coklat or brown eagle (Splornis cheela)
(Iskandar et al. 2016).
Body size
The village chicken can be traditionally divided by the
Naga people into body size of village chicken. On the basis
of body size, the village chicken can be divided into normal
body size and small size body chicken or popularly known
by both the Naga people and Sundanese people in general
as hayam kate (small size chicken). In other words, hayam
kate has small size body and short body.
Crocking cock
On the basis of crocking cock, the rooster can be
divided into two categories namely ayam jago which has a
good crocking, such as long crocking sound and good
melodies, and non-good crocking sound. The rooster that
has a good crocking has been known as ayam pelung that is
originally come from Cianjur and spread to many parts of
West Java. Meanwhile, the non-ayam pelung are
recognized as an ordinary rooster. On the basis of
ecological history, ayam pelung was firstly recorded in the
village of Bumi Kasih, Jambu Dipa, Songgom and Tegal
Lega, sub-district of Warung Kondang, district of Cianjur,
West Java in 1850. The chicken then has been widely
farmed in the district of Cianjur and Sukabumi, West Java
(Sulandari et al. 2007a).
Crough to fight
Traditionally, on the basis of the Naga people perception,
the rooster can also divide into two categories based on
bold and brave in fighting. The bold rooster has been
commonly given the name as hayam lisung (mortal
rooster), and it cannot be involved in cock fighting.
Meanwhile, the brave fighting rooster has been popularly
recognized as hayam jagoan (the brave fighting rooster).
More recently, the brave fighting has also given the name
as hayam Bangkok due to the rooster that has
predominantly imported from Bangkok, Thailand owns
various advantages, such as big size body and bright in
cock fighting. Today, the Bangkok chicken (hayam
Bangkok) has been commonly farmed by chicken hobbyists
in particular due to has a high price.
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Cultural practices in the managing of village chicken
Source of the village chicken breeders and the traditional
farming practice
On the basis of an interview with respondents, it has
been revealed the hayam kampong (the village chickens) or
haram bursa/buskin raps (non-race chickens) have been
predominantly farmed by the Naga people. Traditionally,
they have originally obtained the chicken breeders from
different sources, such as buying from the neighbor (43%),
give from the relatives (24%), and give the parents (21%)
(Table 2). Based on this data, it can be seen that unlike the
modern chicken farming, the Naga people have obtained
chicken breeders from internal instead of externals, such as
urban or exported from overseas. Indeed, the village
chickens have been embedded by local culture. For
example, as the traditional Sundanese of West Java and
Banten, including the Baduy community of Kanekes
village, South Baten to get upland rice seeds and chicken
breeders has culturally obtained predominantly from giving
parents. Particularly, the swidden rice (pare Huma) have
been traditionally not allowed to sell. Therefore, each
household of Baduy community to get the rice seeds of
pare huma for annual cultivating the swidden by various
social mechanisms, particularly by borrowing from the
relative or neighbor (cf. Iskandar 1998).
The traditional farming practice
Managing the village chicken of the Naga people have
traditionally conducted by each household. Initially, among
individuals village chicken owned by the household, a
couple of adult rooster and adult hens have bred (Figure 2).
According to informants, when the hen wants to spawn
that is indicated by special behavior namely it seems to

Adult hen
(hayam bikang)

tend to restless and tries to looking for a nest, the owner
has prepared a chicken nest. Traditionally, the nest is made
of boboko/bakul (bamboo cook rice basket) or
carangka/karanjang (bamboo basket) and is filled by dry
rice panicles. The nest is placed with affixing at the
bamboo house wall. Moreover, the hen lays an egg each
day with a total between 10-15 eggs. The total egg is
categorized a normal because the local chicken is normally
produced between 10 and 12 eggs/clutch for laying an egg
of hen and will stop laying egg approximately and
continuously recycle annual producing egg approximately
three times (Iskandar 2007).
After the producing eggs, some of them are usually
taken for the home consumption, particularly if the owner
need it at that time, and the rests are hatched for
approximately between 20 and 21 days. Moreover, the day
old chickens (DOC) are taken from the nest and put in a
separate cage. Due to the DOC is very vulnerable to die,
and the chicks must be carefully looked after. For example,
they are provided various foods, including residual of rice
hulled of rice pounding in a wooden mortal (huut or dedak)
and residual of rice hulled and small grain of hulled rice
(huut and beunyeur) (Table 3).
Table 2. Source the village chicken breeders owned by the Naga
community, Tasikmalaya, West Java, Indonesia
Source of the chicken
breeders
Buying from the neighbor
Give from the relatives
Give the parents
Give from friends
Total

Respondent
number
14
8
7
4
33

Adult rooster
(hayam jago)

Mate

Spawn (ngendog)
Eggs (endog)
Consumed for the
household needs
(dituang)

Hatched
(dipegarkeun)
Incubated hen
Day Old ChickenDOC (Ciak)

Figure 2. The traditional village chicken farming of the Naga community, Tasikmalaya, West Java, Indonesia

Percent of the
total
43%
24%
21%
12%
100%
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Table 3. Various chicken foodstuff have been traditionally used
by Naga people, Tasikmalaya, West Java, Indonesia
Respondent
number
22

Percent
to total
67%

Residual of rice hulled and small grain
of hulled rice (huut and beunyeur)

5

15%

Residual of rice hulled and unhulled
rice (Huut and pare gabah)

3

9%

Residual of rice hulled and kitchen
food rubbish (huut and sisa makanan)

2

6%

Residual of rice hulled, small grain of
hulled rice, and unhulled rice (huut,
beunyeur and pare)

1

3%

Total

33

100%

Kind of foodstuff
Residual of rice hulled of rice
pounding in a wooden mortal ( huut or
dedak)

Traditionally, the foods are given twice or three times a
day, in the morning and the afternoon. However, after one
week both the chicks and their parent are released to try to
find food themselves in the home gardens. They are freely
released in the morning and are reentered to cage or
chicken house at the afternoon. The chicken house of 5 m x
8 m is traditionally placed under the house on stilt. To
maintain the cleanliness of the chicken house, the chicken
dungs have been regularly cleaned by broomstick
approximately three times weekly. Moreover, the chicken
duck is collected to use as the organic fertilizer in various
agroecosystems, such as the home garden and garden.
Unlike the modern race chicken farming, it has been
traditionally practiced that not all individual chickens are
normally entered to chicken houses at night. Some
individuals, however, have freely spent the night outside
the chicken houses and perched on the branches of various
trees at the home garden. This tradition has both some
advantages and disadvantages. Some advantages such as
the chickens that have usually spent the night outside
chicken houses might be freely infected by diseases during
an outbreak of infectious diseases. Meanwhile, some
advantages, such as those individual chickens have right
risk to be stolen by a thief or killed by predators, such as
Asian palm civet (careth/musang, Paradoxurus
hermaphroditus) (Partasasmita et al. 2016)
Regarding the development of age of chicks, based on
informants of Naga people approximately six months of
chick age have been considered as mature chicken. As a
result, the pair rooster and hen adult of weighing between 1
and 1.5 kilograms have commonly mated. After mating, as
mentioned earlier, the hen lays one egg each day with a
total between 10-15 eggs. Normally, each hen produces
eggs three times annually of the breeding. However,
according to informants, if the owner wants to their hens
breed quickly after hatching, the chicks must be separated
as soon as possible. Therefore, if the hen has not raised her
chicks, the hen will quickly rebreed and produce eggs.
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The village chicken diseases
According to the structured interview with respondents
of the Naga people, 76 percent of respondent revealed that
their village chickens have affected by diseases, while the
rest of respondents (24%) their chickens have never been
affected by diseases. Indeed, unlike the modern racechicken farming, the flu burung (the Avian Influenza-AI)
that is caused by virus influenza type A of the Family
Orthomyxoviridae has never been recorded to attack the
village chicken farming of Naga people. It is caused the
Naga people have not adopted the modern chicken farm
systems, such as the introduction of DOC form urban or
overseas. As a result, the village chicken has not high
riskily infected by the AI disease. Indeed, the majority of
the local chickens of Indonesia have resistant to AI disease
(cf. Sulandari et al. 2007b; Sastrapradja 2010). Meanwhile,
based on statically data it has been revealed until 2008, the
AI broadly recorded in 1289 districts of 31 provinces, with
110 people positively infected and 89 died until 2008
(Sulandri et al. 2007, Withworth et al. 2008).
Unlike the modern race-chicken farming, the
predominant village chicken disease of Naga has revealed
cekak disease or tetelo disease. This disease has
scientifically recognized as Newcastle Disease (ND). On
the basis of ecological history, the Newcastle Disease (ND)
was firstly found Newcastle city, the United Kingdom in
1926 and it has widely spread around the world, including
Indonesia (Muslim 1993). This disease is caused by a virus
of genera Aulavirus of family Paramyxoviridae. The
Aulavirus is known as virus RNA with single-stranded and
negative polarity (Kencana et al. 2012). The transmission
of the virus of ND from one individual chicken to each
other has directly and not directly contacted. The source of
the virus is usually derived from feces or urine of
individual infected chickens. Moreover, the chicken is
infected through various media, such as chicken food,
chicken drink, mucus, feces, air, and air. During the
individual chicken has affected by the virus, this chicken
produced virus through feces.
On the basis of the respondent experiences, the village
chickens have been predominantly affected by diseases,
such as cekak (the Newcastle Disease) particularly during
the transition from the dry to wet season, and in versa. The
cekak disease have distinctive empirically observed,
namely lost appetite, continue to drink, white liquid out of
the anus, look weak (nguyung), not excited, and bluish
comb. Similarly, on the basis of scientific diagnostic, the
Newcastle Disease has characteristically indicated, namely
respiratory disturbance, open bill, caught, sneezing, breaths
sound snoring, lack of appetite, continue to drink, green or
yellow watery feces, and sometimes bloody (Zainnudin and
Wibawan 2007). Unlike the modern chicken farming, the
village chicken of Naga, Tasikmalaya that has been
affected by the Newcastle Disease have traditionally
treated by the medicinal plants, such as onion, garlic, and
papaya instead of applying modern medicines (Table 3).
On the basis of study ethno veterinary pharmacology, these
crops have also been used to treat the ruminant livestock
diseases of village people of Pasir Biru, Rancakalong,
Sumedang, West Java (Mutaqin et al. 2015), livestock
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diseases in Ethiopia (Yigezu et al. 2014), in Brazil (Souto
et a. 2012; 2013; Confessor et al. 2009), South Africa
(Luseba and Tshisikhaw 2013). In addition, a bulb of garlic
has been traditionally used for the human health medicines,
such as against a cough, asthma, hyperemesis, otitis
internal, scabies, antidote for poison insect bite,
hypotension, cholera, as anthelminthic, against migraine,
dysmenorrhea, impotency. Banana fruit and it seeds have
been used as against catarrhus intestinalis, hemorrhoids,
and aphthae tropicae. Meanwhile, leaf of Lantana camara
as cure against abscess, colica, nusae, as diaphoretic,
against jumetactio, rheumatism, tussis (Kasahara and
Hemmi 1986; cf. Confessor et al. 2009)
Utilization of the village chicken
According to respondents of the Naga people,
Tasikmalaya, West Java, the village chicken farm has
provided some socio-economic and cultural, and ecological
benefits (Table 4).
In terms of socio-economic and cultural functions, the
meet and egg have been traditionally produced to fulfill the
protein food of the household. For example, the village
chickens have annually slaughtered by owners for using
some household rituals, hajat or salametan, such as birth
hajat or well-being of baby (nyalamekeun orok),
circumcision hajat (hajat sunatan), marriage hajat (hajat
ngawinkeun) and dead hajat (hajat kapapatenan). The
purpose of a hajat or salametan namely the giving away of
food to bring it in the condition of salamet (well-being) (cf.
Wessing 1978; Martinez GJ. 2013; Vliet et al. 2014; 2015).
In terms of the marriage tradition of the Naga people, after
weeding ceremony the new bridge must visit (munjungan)
some families of the groom to carry various traditional
foods and cakes, including village chicken. In return, they
will be given the amount of money and food material from

the groom families. The village chickens have also been
used for various Islamic fests, including the ritual of the
beginning the fasting month (Muanggahan), the ritual of
the end of fasting month (Lebaran Idulfitri), Muludan, and
Rajaban. In addition, the chicken and meets have been
provided for various rituals in the agricultural activities,
such as planting and harvesting rice. The main purpose of
these rituals is an expression of gratitude to the god
because the each household of Naga have been given wellbeing (salamet) and good luck of the form of various
agricultural productions. It has been widely practiced,
particularly in the past, the Sundanese people in their daily
life used to respect and to maintain the environment. For
example, considering the importance of water, it should
come as no surprise that the practice performed at the
seedbed and at transplanting time were primarily concerned
with assuring an adequate water supply. At the source of
water and at the place where it enters the rice field, a ritual
(mitembeyan) used to performed (cf. Wessing 1978)
Table 4. The Utilization of village chickens has traditionally
performed by the Naga people of Tasikmalaya, West Java,
Indonesia
Utilization
Source of meat and egg
For sale to obtain cash income
To produce organic fertilizer
For purposes of the household
rituals
For giving to neighboring or
relative who has household ritual
Egg is used as the traditional
medicines

Respondent
number
27
20
33
24

Percent of
the total
82%
61%
100%
42%

2

6%

5

15%

Table 3. Various plants, organ used, and how to use, and chemical content of medicinal plants have been traditionally used as medicines
of village chicken of Naga people, Tasikmalaya, West Java, Indonesia
Medicinal plant

Organ use

How to use

Chemical content

Bawang
beureum/bawang
merah-onion (Allium cepa var
ascalonicum L)

The bulb

Volatile oils, sikloaliin, metialiin, dihidroalin,
flavoglikosida,
saponin,
and
peptide
(Damayanti 2008)

Bawang bodas/bawang putihgarlic (Allium sativum L)
Cau lumut/pisang lumutbanana (Musa paradisiaca var
sapientum (L) Kuntze)

The bulb

Gedang/papaya-papaya
(Carica papaya L)

Leaf

One bulb of onion is excellently
mashed and fed to sick chicken
One bulb of mashed onion mixed
with one spoon of vegetable oil
drunk to sick chicken.
One bulb of garlic is excellently
mashed and fed to sick chicken.
One banana fruit is meshed and fed
to sick chicken, or meshed mixed
with chicken food feed to sick
chicken.
1-2 leafs of papaya are boiled and
placed in a chicken food container
to be eaten by sick chicken.
3 leafs of Lantana are boiled and
water extracted is placed in drink
water container.

Leunca hayam or
(Lantana camara L)

saliara

Fruit

leaf

Volatile oils, alisin, sterol, saponin, alkaloid,
flavonoid and triterpenoid (Sunanti 2007)
Flavonoid,
potassium,
pectin,
serotine,
melatonin and dopamine. Banana fruit of
against catarrahus intestinalis (Kasahara and
Hemmi 2007).
Papain, kimopapain, α-tokoferol, ascorbic acid,
flavonoid, glucoside sianogenic, glucocinolate,
and cystatin (Damayanti 2008)
Lantaden A, Lantaden B, lantanolic acid, lantic
acid, humulen, β-kariofilen, γ-terpiden, αpinene and p-cymen (Permadi 2008)
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Although various ritual traditions of village community
as practiced the Naga people have been ignored and
assumed as both hinder development and irrational by the
modern or urban community, these rituals has been an
important role for maintaining the social solidarity of the
village community. For example, a shared pattern of beliefs
can often provide a strong sense of group solidarity,
including managing and maintaining natural resources and
local environments. Therefore, it may be more useful to
consider how these systems of ideas can be usefully
incorporated into the process of development, rather than
ignoring or attempting to replace (Lovelace 1984; Mustapa
1996).
In addition to meet, eggs of the village chicken have
been an important role for the material of the traditional
medicines, such as maintain body health. Traditionally, the
upperpart of the egg is usually perforated. Moreover, the
white part of the egg is removed from its shell. Meanwhile,
the egg yolk whether is mixed with honey bees or directly
swallowed as traditional medicine, that is believed to
increase energy and to maintain body health.
The village chickens have been an important role not
only in the subsistence economy but also for the
commercial economy. Particularly, if the household of the
Naga household needs to get cash, some individual village
chickens have also been sold to relatives, neighbor or
village middlemen. For example, the mature village
chickens have been commonly sold to middlemen come
from Garut and Tasikmalaya who regularly visit Naga
hamlet of Neglasari village of Ciamis, approximately
between Rp. 30,000 and Rp. 40,000 during the fasting
month (Ramadhan) of 2015. According to informants,
during the Ramadhan, the price of the village chickens has
increased due to demand for the village chicken has
increased. As a result, on the basis of an interview with
respondent, it has been revealed during the Ramadhan in
average approximately 30 individual village chicken have
been sold by each household of Naga people. For each
village chicken of between 1 kilogram and 1.5 kilograms
has been sold Rp 35,000 in the Ramadhan time. The price
of the village chicken, however, has decreased after the
Ramadhan time, namely approximately between Rp.
18,000 and Rp. 20.000. Traditionally, although the Naga
households have commonly traded the village chickens,
some individual chickens have always been left to maintain
population stock for sustainable management of the village
chicken farming.
Of no less important to provide meat and egg, the
village chicken farming has also provided chicken dung to
use as organic fertilizer. According to structure interview
with respondents of the Naga people, it has revealed all
respondent has commonly used chicken dungs to fertilize
various crops of the home gardens and gardens. For
example, various crops including bawang merah (Allium
cepa var. ascalonicum L), bawang putih (Allium sativum
L), cengek/cabe rawit (Capsicum frutescens L), bawang
daun (Allium fistulosum L), leunca (Solanum nigrum L),
saledri (Apium graveolens L), and tomat (Solanum
lycopersicum L) planted in garden have been
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predominantly fertilized by organic fertilizers, including
chicken dungs.
On the basis of agroecosystem analysis (cf. Conway
and Barbier 1990), although the production of the village
chicken farming of Naga, Tasikmalaya has been considered
low compared to that of the modern race-chicken farming,
the stability, equitability, and sustainability have been
revealed high. For example, the village chicken farming
has been resistant to diseases and fluctuations of the market
economy due to low external inputs and maintaining a high
diversity of local race village chicken. Moreover, almost all
household has raised village chicken based on relatively
similar inputs and outputs, therefore, the equitability of the
village chicken farming considered as high. Indeed, due to
low external inputs and resistant to diseases and fluctuates
market economic conditions, as a result, the sustainability
of the village chicken farming of Naga people can be
considered as high.
In addition, the sustainability of the village chicken
farming has been maintained by ecological knowledge and
strongly embedded by cultural people, and adapted to local
ecological conditions. For examples, to provide various
village chicken foods have predominantly by local sources,
such as residual of rice hulled (huut), small grain of hulled
rice (beunyeur), and unhulled rice (pare). As a result, the
modern of food, medicines, and vitamins have been rarely
used or applied the LEISA (Low External Inputs and
Sustainable Agriculture (Reijntjes et al. 1992). In addition,
because the village chickens have predominantly freely
looked for natural food in the home garden each day as
very effective in the organic material cycle and produce
chicken dungs to maintain soil fertility and to provide
organic fertilizers for various crops in the village
agroecosystems. Therefore, the village chickens have been
considered an important role and integral parts of both the
home garden and village ecosystems (Soemarwoto and
Soemarwoto 1984; Soemarwoto 1985). In addition,
production of the village chicken farming of meet and egg
has provided the animal protein food that is essentially
needed by the villagers. However, the traditional practice
of the village chicken farming in many village areas of
West Java has seriously affected by the introduction of the
modern race-chicken farming since the 1970s. Unlike the
village chicken farming, the modern race-chicken farming
has high external inputs, such as DOC, food, vitamins and
medicines from urban or overseas. Consequently, the
modern race-chicken farming system has been vulnerable
the market economic fluctuations and diseases. Indeed, the
race-chickens have less resistant to diseases, such as the
Avian Influenza (AI) compared to that the village chickens.
As a result, the village chickens have a high potential as a
source of the genetics of chickens that has resistant to AI
(Sulandari et al. 2007; Sastrapradja 2010). Although the
village chicken farming has been an important role for
ecological and socio-economic and cultural village people
and producing healthy meats and eggs due to avoiding the
use of chemical medicine and antibiotic, many stoke
holders have low attention to develop the village chicken
farming. As a result, the village chicken farming has
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seriously affected by the modern race-chicken farming.
Indeed, some traditional ecological knowledge of the
village people on ecological and biological chickens have
eroded or even extinct.
Therefore, study on ethnozoology or the scientific
evaluation of local knowledge of traditional on zoology, in
this case on zoology of village chicken has been considered
very important for development of sciences and practical
results of the study can be used to support the development
programs of Indonesia, such as sustainable management of
biological sources (cf. Waren et al. 1995; Alves and Sonto
2011; Souto et al. 2012; Alves and Souto 2015). In
conclusion, this paper has demonstrated that the Naga
community of Tasikmalaya, West Java has well-recognized
variations of the village chickens which are based on the
folk classification of Beelin et al. (1973) and Berlin (1992)
at the level specific and varietal. In the management of the
village chicken farm, the Naga community has been based
on traditional ecological knowledge which is embedded
with the culture and adapted to the local environmental
conditions. Until recently, the Naga community has
traditionally managed in the sustainable system due to
economically viable, ecologically appropriate, and
adaptable to socio-cultural traditions.
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Abstract. Nugroho D, Patria MP, Supriatna J, Adrianto L. 2017. The estimates spawning potential ratio of three dominant demersal
fish species landed in Tegal, north coast of Central Java, Indonesia. Biodiversitas 18: 844-849. Java Sea is one of the important marine
waters for fisheries purpose in Indonesia. The rich diversity of marine fish has been exploited for decades. Among them, demersal fish
resource was commercially targeted by coastal fishers. The sustainability of demersal fishery is a crucial concern given the substantial
economic contribution and its significant dependence of small-scale fishers for their livelihoods. The fishing intensity is considerable
growing and tends to become threats their habitats. Three dominant species (Priacanthus tayenus, Scolopsis taeniopterus and Upeneus
sulphureus) were selected in this study. To evaluate the vulnerability of these species to their bio-exploitation level, the spawning
potential ratio (SPR) approach were applied. The calculation based on estimated length of first capture (Lc) indicates that SPR those
demersal species occurred at less than 20%. These values indicate that existing fishery can be categorized as nearly fully exploited.
Across broad range of species, 40% SPR is generally accepted as a proxy for Maximum Sustainable Yield (MSY) for recruitment
overfishing in less resilience fish population.
Keywords: Demersal dominant species, Java, north coast, spawning potential ratio

INTRODUCTION
The Java Sea is one of the high diverse aquatic living
resources in Indonesia. National capture statistics describes
that fishing activities in this water contributes as second
largest fish landing in the country (DGCF 2015). The
typical exploitation mostly consisted of coastal community
with small-scale fisheries. Demersal group of fish is one of
the major species that has been exploited since decades.
Landing record in 2014 was 1.67 million tons or 31% of
the national landings. Among eight provincial coastal
waters surrounding Java Sea, 93% of these species landed
in the north coast of central Java. Previous studies on
biological characteristics of dominant species in the north
coast of Java have shown that landing is dominated by
small size of fish and medium tropic level fisheries,
therefore, the exploitation of the demersal fish species is
suggested to be at risk (Nugroho et al. 2016).
For fish stocks to persist, successive from generation to
generation must be in an average state. This means fishing
should not reduce the amount of spawning per recruit
below a necessary threshold level for replacement. Brooks
et al. (2010) recommend that spawning potential ratio
(SPR) utility to apply to stocks with data-limited fisheries.
Meanwhile, Hordyik et al. (2015) suggested to support
management decision for data-poor fisheries, SPR is length
based approach to established biological reference point.
The significant increasing number of Danish seines
fleets since the year of 2000 has become a major concern to
sustain fish diversity in the Java Sea. The rapid expansion

of exploitation has created the need for information on
biological status of the demersal fish species as part of
developing conservation and management measures. One
of the basic goals of fisheries management is to conserve
sufficient reproductive potential in stock to allow
sustainable exploitation. Sustainability refers to the ability
of exploited stock to produce goods and services, including
yields at suitable levels in the short term, while maintaining
the existing stock's reproductive capacity to continue
providing these goods and services into the indefinite
future. To achieve this, we use a biological approach which
stocks could be managed based on maintaining limit
thresholds of Spawning Stock Biomass (SSB) and
Spawning Potential Ratio. Three dominant species of
Lattice monocle bream (Scolopsis taenioptera Cuvier,
1830), Purple-spotted bigeye (Priacanthus tayenus
Richardson, 1846), and Goatfish (Upeneus sulphureus
Cuvier, 1829) were used as an indicator of the ‘viability' of
demersal fish stocks in the Java Sea.
MATERIALS AND METHODS
Study area
The Java Sea has been widely exploited by fleets based
from eight provincial coastal fishing ports. Among them,
central and east Java are the major contributors. Tegalsari
fishing port of Central Java, Indonesia (6°50'58.01" S-109°
7'43.74" E) is one of the highest annual landings for
demersal fish, where it also serves as the base for Danish
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fleets (Figure 1). Sampling was regularly carried out twice
a month during August 2014 to July 2015. Specimens were
collected from commercial drag wooden demersal Danish
seiners (trawl like a fishing gear). The boat size ranges
from 10-30 gross tonnage (GT), equipped with a fish net of
18-27 m length of head rope and ¾ inch mesh size cod-end.
The catches have mainly consisted of demersal fish,
roughly swim up to 5 m above the bottom. Fishing activity
was usually done during the daylight.
Procedures
Data were collected regularly twice a month during
August 2014 to July 2015. The sample was measured and
observed from selected fleets during the observation. A
total of 12,969 specimens were taken for length frequency
distribution, among them, 2,038 fish specimens were
collected for biological observations (688 Priacanthus
tayenus, 587 Scolopsis taenioptera and 763 Upeneus
sulphureus) belong to three different families of
Priacanthidae, Nemipteridae and Mullidae. The biological
characteristics of these species were previously described
elsewhere (Nugroho et al. 2016). Fish length was measured
in mm, while weight measurement is in grams. To evaluate
direct human impact through exploitation to these
dominant species, a spawning potential ratio (SPR) and
spawning stock biomass estimation were applied as
indicators of fishing impact on marine communities.
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Data analysis
Data and information on biology and population
parameters were described as listed on table 1. Growth
pattern of each species follows the von Bertalanffy
equation:
𝐿𝑡 = 𝐿∞ (1 − 𝑒 −𝐾(𝑡−𝑡0 )

(1)

Where, Lt is the length at age t, and t0 is the time at
which length is theoretically zero on the modelled growth
trajectory (Beverton and Holt 1957). From length-weight
relationship, the length-weight regression (a and b) can be
obtained. Whole weight-at-age (Wt) is obtained from
converting lengths into weights using the equation:
𝑊𝑡 = 𝑎 ∙ 𝐿𝑡 𝑏

(2)

SPR is used to estimate the percentage of reduction to
allow "safe" reference point setting that will prevent
recruitment overfishing. Several studies have looked at the
optimum percentage over the last decade using metaanalyses, which is fishing mortality at 20% as a limit
biological reference points for stocks with average
resilience and 30% for stocks with unknown resilience
(Mace and Sissenwine 1993; Hoggarth et al. 2006). SPR
as the overfishing target and
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Figure 1. Site location and fishing ground of demersal Danish seine based in Tegal, Central Java, Indonesia
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threshold can be derived from different levels of length at
first capture (Lc) and F, by dividing spawning stock
biomass under exploitation (SSBF) by pristine spawning
stock biomass (SSBF = 0).
𝑆𝑆𝐵𝐹

(3)

𝑆𝑆𝐵𝐹=0

Biomass is calculated at each time-age class, while
spawning stock biomass is simply the sum of all biomass
above the age at maturity. Spawning stock biomass is
calculated as:
𝑡

𝜆
𝑆𝑆𝐵 = ∑𝑡=
𝑡 𝑚 𝑁 𝑡 ∙ 𝑊𝑡

Size frequency distribution
Size distribution figures of three dominant demersal
species (Figure 3) show length frequency distribution of
fork length accumulated on a yearly basis. Fish sampled
ranged from 7.5-30.0 cmFl for P. tayenus 9.0-26 cmFl for
S. taeniopterus and 5.5-16.0 cmFl for U. sulphureus
respectively. The figures also indicate mean length of each
species were approximately 11.2, 18.9 and 17.1 cmFl.
Combining annual trend of catch data (Figure 2) with the
size distribution of three dominant species (Figure 3)
indicates that the exploitation of the demersal fish
biodiversity was dominated by a group of small fish (with
estimated maximum size of less than 30 cm).

(4)

Where Wt is the average weight-at-age of species
caught. Spawning stock biomass is calculated at pristine
levels (B0) and under various management scenarios (Lc,
F). Natural mortality (M), the Von Bertalanffy Growth
parameters (k, L∞. t0), parameters of Length-weight
regression (a, b), and Length of the first maturity (L50) are
parameters required to estimate SPR (Ault et al. 2008;
Prince et al. 2014; Hordyk et al. 2015). Some data used in
this research (i.e, Population parameters of P tayenus, S.
taenioptera and U. sulphureus were taken from bioexploitation status analysis of three dominant demersal
species in the Java Sea (Table 1). A classical analytical
process using spreadsheet were applied for all parameters
estimations.

Annual landing
(x 1000) Tons

35

RESULT AND DISCUSSION

Mullidae

25

Nemiperidae
Priacanthidae

20
15
10

Annual trend of landing of demersal fish species
The best available data to perform the annual trend of
the landing of three interest species was derived from the
available national capture fisheries during 1980 to 2014.
Since fish landing records aren't detailed by species,
therefore, data represented by a group of each species is
used. Ignoring unreported data on this fishery, the annual
trend on the landing of the three groups of species shows
increasing trend since 2007 and rose significantly since
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2012 (Figure 2). This indicates that removal of fish due to
fishing proportionally increased particularly in the past two
consecutive years. The landing volume increased
proportionally with significant increment demersal Danish
seine numbers operating in the Java Sea. Demersal Danish
seine units increased from 1,300 in 1980 to around 13,000
units in 2014 (Nugroho and Atmadja 2014). This
increasing numbers of fleets is also correlated with spatial
shifting on fishing ground, from north coast of Java to
southwestern part of Kalimantan during the year 2000 to
2010 (Atmaja and Nugroho 2012).
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Figure 4. Growth curve of (P. tayenus, S. taenioptera, and U.
sulphureus)

Estimated age at length
The individual growth rate in a population is a critical
parameter for understanding the life history of a species
and to develop management plans for wild fish
populations. Although growth studies based on modal
progression analysis have yielded indirect measurements,
there are some disadvantages to this approach. This
approach, however, has been widely used particularly in
tropical waters (Pauly 1983 in Haddon 2011). Estimation
of Loo and K is derived from Gulland and Holt plot
approach (King 2007). The growth curve is shown in
Figure 4 and the parameters were indicated in Table 1.
The estimates growth coefficient (K) and length
infinitive (L∞) of three dominant species are 0.89 (P.
tayenus), 0.799 (S. taenioptera) and 1.4388 (U.
Sulphureus) with each length infinitive (L∞) of 29.4, 31.8
and 17.0. These parameters indicate that all three-major
species belonged to fast growing small size (< 30 cm)
species.
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Estimate Spawning potential ratio (SPR)
The population parameters are the main parameters to
estimate SPR. The size of maturity is estimated by the size
class, where the second essential data input is when 50% of
the stock become mature (L50). This condition needs to be
set when the technique is first applied to stock due to
limited available data. Through the calculation of the
Spawning Potential Ratio (SPR), the present status of the
demersal fisheries can be determined. The population
parameters used for this approach were listed in Table 1.
Applying the equation (3) and (4), the calculated SPR
of each species based on the value of the length of the first
capture (Lc) of 176 mm for P tayenus, 187 mm for S.
taenioptera and 113 mm for U. sulphureus. The
preliminary result sets as a precautionary approach to
evaluating the stock status. All values resulted equivalent
with the SPR of less than 20% (Figure 5) in which 17.5%
for P. tayenus, 13.2% (S. taenioptera) and 11% (U.
sulphureus). Goodyear (1993) suggests threshold level for
the SPR should probably not to be set much below 20%
(limited reference point) without considerable justification,
and that 30% (target reference point) might be a more
reasonable first choice.
Some consideration to define long-term management
objectives is values of the fishing level, which allow larger
catches in size to ensure conservation of the stocks. The
figure shows that the harvesting of all three-fish species is
relatively low and below the carrying capacity of the
environment or limited reference point (red lines). This
strongly relates to the increasing annual amount of landed
fish which were at an age before they reached the first
maturity. It is important to note as a preliminary assessment
which the applied SPR model suggests extremely high
exploitation rates occurred in this typical multi-species
fishery.

Table 1. Population parameters of P tayenus, S. taenioptera and U. sulphureus
Parameters
The average length at first mature (L50)
The average length at last mature (L95)
Intercept (a) on length-weight relationship
Slope (b) on length-weight relationship
Estimate length infinity L∞ (mm)
Estimate length at first capture (Lc) (mm)
Estimate growth rates (K) /yr
Theoretical age at zero length (t0)
Estimate age at first recruitment tr (year)
Estimate age at first capture (tc) (year)
Estimated maximum age tmax (year)
Estimated natural mortality (M)
Estimated total mortality (Z)
Estimated F/M

P. tayenus
194
275
3e-05
2.8335
294
176
0.8952
-0.76
0.3
1
3.35
1.38
3.23
1.34

Species
S. taeniopterus
168
300
6e-05
2.7381
318
187
0.799
-0.83
0.45
1.6
3.75
1.25
4.19
2.35

U. sulphureus
129
170
7e-05
2.7312
177
113
1.4388
-0.809
0.3
0.7
1.78
2.45
5.37
1.19
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Figure 5. Estimated spawning potential ratio of three dominant species: A= P. tayenus, B = S. taenioptera, and C = U. Sulphureus
Remarks: SPR 30% = target reference point; SPR 20% = limited reference point; SSB = spawning stock biomass estimation; SPR =
spawning potential ratio

Discussion
A fundamental goal on sustaining biodiversity as part
of conservation biology is to ensure the long-time survival
of species in its nature environment (Meffe and Carol
1997; Primack 2006). The growth coefficient of Upeneus
sulphureus was higher than previously studied (0.78) by
Martosubroto (1982), while Badrudin (1978) K at 2.04 and
Marzuki et al. (1987) estimate K at 1.76. The K of
Priacanthus tayenus is also different compared to
Prihatiningsih et al. 2013 with a value of 0.91. This
different value probably occurred due to uncertainties on
the model prediction of length based aging estimation
(Pope et al. 2010). Total mortality is derived from the
catch-curve model, where the length-based structure is
converted to age. If either fishing or natural mortality can
be estimated, then the remaining unknown mortality can be
determined by subtraction from total mortality. Once
fishing mortality and natural mortality have been identified,
it can be used to describe the fishing impact towards the
stock (Beddington and Kirkwood 2005). Several research
findings on the similar fishing situation have pointed out
that commercial fisheries reduced target populations, and
affected life-history parameters, such as growth rate and
age at maturity. Moreover, in extreme circumstances,
resulted diminishing local species (Casey and Myers 1998;
Pauly et al. 1998). The low SPR for all three species
indicates the ability of spawning stock to support their
abundance in nature was under their biological capacity to
produce the adult groups in their population structures.
Based on the biological parameters estimated for the
fishes of the study area, there was a clear indication of r
strategist species, characterized by high growth rates (K)
and high natural mortality (M), and strongly related to early
sexual maturation and low longevity. These parameters
could categorize as rapid replacement of generations
(Camargo et al. 2015). The relationship between spawning
potential and age of the species suggests life-history
uncertainty surrounding the status of the stocks, causing
overfishing to go incognito until stocks have finally
collapsed. To avoid collapsed fishery, increasing the
probability size of the first capture of this fishery should be
applied to achieve 40% SPR as target reference point. This

TRP were emphasized to rebuild predator species or higher
trophic level stocks in that has been diminished. This is
required to avoid loss capacity on supporting their
spawning biomass. In relation to this issue, there are
several ministerial regulations on controlling the fishery,
e.g. through minimum mesh size available. However, this
regulation does not seem to be effective due to low
compliance occurred in the area. Even fishing communities
want to invest and change their fishing strategies by
shifting forward to the fishing ground beyond its provincial
jurisdiction. Another strategy is by getting the vessels sail
longer by equipping more advanced technology (e.g. frozen
fish hold to storage large number of fish). Fishing vessels
sized less than 24 m LOA can operate for more than 30
days at sea, under the condition of a minimum catch 10
tons per trip. Fisher's resistance and reluctance due to low
awareness of stock status and high demand on market
supply play a significant role on this low value of SPR. The
extremely low values of the spawning biomass or the
fishing level, which might seriously affect the selfrebuilding of the stocks. These fishing level values of catch
and biomass are designated as biological reference points
(BRP). The target reference points (TRP) are BRP defined
as the level of fishing mortality or of the biomass, which
permits a long-term sustainable exploitation of the stocks,
with the best possible catch. For this reason, these points
are also designated as reference points for management
(Cadima 2003).
Global biological diversity is rapidly declining as
consequence of human activities (Sutherland et al. 2009),
and small unassessed fisheries are in substantially worse
condition and continue to decline (Costello et al. 2012).
Therefore, rebuilding the biodiversity through an effective
implementation of conservation and management measures
is essential for small-scale fisheries. This is mainly to
sustain food and livelihoods for households, particularly in
developing countries where other options are often limited
for the coastal community. One of major goals of fishery
management is conserving resource base. This means that
the productivity of the population in term of recruitment
overfishing should be prevented. States of the art of
biodiversity bottom fish to its long-term exploitation in the
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tropical waters were still needed to be observed so far. The
biological indication on declining fish stocks should
become one of the principal concerns of fisheries
management in the area. Moreover, the conservation and
sustainable use of marine resources are two main
highlighted goals on sustaining this demersal fishery. This
water requires crucial concern given the substantial
economic contribution and significant dependence of
small-scale fishers for their livelihoods.
Saving in some fish caught is not directly related to
improvement in static SPR. Theoretically, large number of
fish would be saved by increasing average size at first
capture from 17.6 to 19.5 cm FL for P. tayenus, 18.7 to
21.4 cm FL for S. taenioptera and 11.3 to 12.5 cm FL for
U. sulphureus. Applying size limit on saving small fish
seems to provide relatively small gains in static SPR.
Conversely, limiting catch limit would theoretically
produce greater gain than the increasing minimum size
limit. Saving more fish in the sea imply less pressure and
greater gain for the stocks. This is because the probability
of survival mature fish is higher for fish that already
survived from the impact of fishing and it would reduce
fish mortality, mainly to matured fish to accomplish greater
mature biomass. Declining population sizes of several
commercially exploited fish species have led to concerns
about threats of extinction. However, the extent to which
marine fish is threatened by extinction is still debatable, as
it is often assumed that the subject in question is naturally
resilient to extinction due to high fecundity, wide
distribution and high natural variability in abundance
(Butterworth 2000).
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Abstract. Sutarno, Budiharjo A, Setyawan AD, Lymbery AJ. 2017. Sequence variation among populations of sawfishes (Pristiformes:
Pristidae) from Indonesia and Australia. Biodiversitas 18: 850-856. The sawfishes (Pristiformes: Pristidae) are very rare and critically
endangered species globally, calling for conservation efforts around the world. This species is taxonomically interesting because
molecular research in recent years has led to re-groupings in some species. The aim of this research was to sequence the control region
(CR) of mitochondrial DNA of sawfishes from Indonesia and Australia, compare the sequences between samples, and construct
phylogenetic trees to know the relationship of those samples. To achieve these aims, dried rostra of samples from both countries are
collected, total DNA were purified and amplified using PCR, followed by sequencing reaction. The sequence data were then lined
followed by constructing phylogenetic trees. The results of the BLASTN and phylogenetic tree analysis found two species, the all
Australian samples belong to Pristis pristis (formerly P. microdon), one Indonesian sample also belongs to P. pristis, while the other
Indonesian samples belong to Anoxypristis cuspidata.
Keywords: Anoxypristis cuspidata, mitochondrial DNA, Pristis pristis (P. microdon), sawfishes

INTRODUCTION
Sawfishes (Pristiformes: Pristidae) are a small group of
elasmobranch large shark-like batoid of the order
Pristiformes, and the unique family of Pristidae (Compagno
and Last 1999; Sutarno et al. 2012). The taxonomy of
sawfishes is confusing (c.f. Sutarno et al. 2012), but refer to
current molecular and morphological studies there are five
species of sawfishes from two genera, Pistis and
Anoxypristis (Last et al. 2016). Faria et al. (2013) suggest
that based on a combination of mitochondrial DNA and
morphological characters, the three previously known
species (Pristis pristis, P. microdon and P. perotteti)
appear to be one species, Pristis pristis.
The all five species of sawfishes are found in the IndoWest Pacific, where Anoxypristis cuspidata (Latham,
1794), Pristis pristis (Linnaeus, 1758) (formerly known as
Pristis microdon Latham, 1794), and Pristis zijsron
(Bleeker, 1851) has widespread distribution; and Pristis
clavata (Garman 1906) appears to be limited to northern
Australia (Compagno and Last 1999; Last and Stevens
2009; Phillips et al 2011); whereas, Pristis pectinata
(Latham, 1794) reportedly originated from the Red Sea and
East Africa to the Philippines (Compagno and Last 1999;
Last and Stevens 2009; Phillips et al. 2011). In the EastPacific Atlantic are found two species, including P. pristis
and P. pectinata (Compagno and Last 1999; Last and
Stevens 2009; Faria et al. 2013). In Southeast Asian waters,
these five species of sawfishes can be recorded, including
Pristis pristis (P. microdon), P. clavata, P. zijsron, P.
pectinata and Anoxypristis cuspidata (Sutarno et al. 2012).

Sawfishes are characterized by a distinctive flattened,
greatly elongated rostrum armed on each side with a row of
the large transverse teeth, presumably used for hunting and
defense (Bigelow and Schroeder 1953; Wueringer et al.
2009; Sutarno et al. 2012). The rostral teeth grow
continuously from the base and attach to the rostrum
through the alveoli (Slaughter and Springer 1968;
Compagno and Last 1999). The peduncle is not expanded
and the dentine cap is easily removed (Slaughter and
Springer 1968). The maximum total length is around 7 m
(Last and Stevens 1994).
Sawfishes usually inhabit shallow inner shelf and
coastal habitat, in tropical and subtropical waters including
estuarine and freshwater habitats (Nelson 2006; Wueringer
et al. 2009; Waters et al. 2014; Hollensead et al. 2015), as
well as marine environments to a maximum depth of 122 m
(McEachran and de Carvalho 2002; Simpfendorfer 2006).
While presenting a wide spectrum of salinity, sawfish
prefer coastal marine and estuarine habitats (Peverell 2005;
Whitty et al. 2009; Norton et al. 2012). They can migrate
from euryhaline, brackish and freshwaters habitats, as a
possible behavioral mechanism to cleanse the body of
undesirable parasites (Morgan et al. 2010).
Sawfishes have been important as a source of food and
medicines as well as religious and cultural symbols
(Gonzalez MMB. 2005; Robillard and Séret 2006; Clarke
et al. 2007). The pressure from commercial and
recreational fishing, the loss of near-shore habitat due to
development, and low reproductive potential lead to a
decrease in population (Thorson 1982; Simpfendorfer
2000; Seitz and Poulakis 2006; Carlson and Simpfendorfer
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2015). Nowadays, sawfishes are among the most
threatened marine fishes, with declining numbers and
reduced distributions worldwide (Wueringer et al. 2009;
Simpfendorfer 2005; Faria et al. 2013). All five species
face a very high risk of global extinction (Dulvy et al.
2014). The decline has been observed in all parts of their
distribution range (Leeney and Poncelet 2013; Moore
2014; Fernandez-Carvalho et al. 2014). Sawfishes are
highly sensitive to exploitation and habitat destruction due
to their large size and their coastal and riverine habitats
(Robillard and Séret 2006).
All five sawfishes species have now been listed as
endangered or critically endangered species by the
International Union for Conservation of Nature (Carlson et
al. 2013, D'Anastasi et al. 2013; Kyne et al. 2013a, 2013b;
Simpfendorfer 2013; IUCN 2017). They have also been
listed in Appendix I of CITES, which prohibits their
international trade (CITES 2007). In Indonesia, populations
of sawfishes have declined severely, with recent surveys of
several sites where the species has historically been
recorded, including Lake Sentani and the Mahakam River,
finding no individuals. Legislation has recently been
enacted to protect all member of Pistis genus (as well as
Anoxypristis) in Indonesia, where overfishing and habitat
destruction has severely reduced population numbers (PP
7/1999). Population declines in northern Australia have not
been as severe, although the species is still listed as
vulnerable under the Australian Environmental Protection
and Biodiversity Conservation Act 1999 (EPBC 1999).
Genetic studies are essential for the effective
conservation of sawfishes, because (i) there is confusion
over the taxonomic status of sawfishes (Faria et al. 2013;
Sutarno et al. 2012), and (ii) population genetic data can be
used provide information on current and historical
population sizes and migration rates, which determine how
the species should be managed. Molecular genetic studies
using mitochondrial DNA sequencing analysis was used in
the research. Skin tissue from dried rosta of sawfishes was
obtained from collections and purchased from individuals
and markets in Indonesia. This means that genetic data
were obtained using previously collected samples, without
the need to obtain further specimens of this highly
endangered species to determine the relationship and
taxonomic status of Australian and Indonesian populations
of sawfishes.
The aim of this research was to sequence the control
region (CR) of mitochondrial DNA of sawfishes from
Indonesia and Australia, compare the sequences between
samples, and construct phylogenetic trees to know the
relationship of those samples.
MATERIALS AND METHODS
Sampling
Tissue samples were obtained from dried rostra sourced
from the museum, university and private collections in
Indonesia and Australia, and purchased from markets
throughout Indonesia (from a five-year survey, 2011-2015).
Fifteen samples from Australian collection (DNA material
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stored in the Fish Health Unit, Murdoch University,
Australia) and seven samples from Indonesian collection
(rostra stored at the Department of Biology, Universitas
Sebelas Maret, Surakarta, Indonesia; this is part of 24
samples collected over five years of field research) were
used in this study. A total of 22 samples were assessed.
Sampling from dried rostra obviates the need to catch and
obtain tissue samples of these rare and threatened fishes.
DNA extraction
Total genomic DNA will be extracted from tissue
obtained from dried rostra using a Masterpure™ (Epicentre
Technologies, Sydney) DNA extraction kit, and following
the procedures of Phillips (2006) and Phillips et al. (2009).
To minimize the risk of contamination with non-target
DNA, all genetic work involving dry rostra samples will be
carried out referring to the protocols for working with
ancient DNA set out by Mulligan (2005). The quantity and
quality of the extracted DNA will be assessed through the
appearance of a 2 µL aliquot of the extract on a 2% agarose
gel subject to electrophoresis for 25 min at 46 mAmps,
stained with ethidium bromide, and illuminated with UV
light.
mtDNA sequencing
Polymerase chain reaction (PCR) will be used to
amplify a 353-351-bp portion of the control region of the
mtDNA of sawfishes using the forward primer (CRF: 5'ACGTATCCGTAATACTCAT) and reverse primer (CRR:
5'-ATGCAAATATTATGTCGAGGGTAG), as described
by Phillips et al. (2008). The PCR amplification will be
carried out in a reaction mixture containing about 10 ng of
DNA template, 10 mM TAQ buffer with 1.5 mM MgCl2
(Roche), 0.1 mM of each of the dNTPs (Promega), 0.5 U of
Taq polymerase (Roche), 20 µmol of each primer, and
adjusted to the final volume of 50 µL with PCR-grade
water. The amplification conditions will consist of an
initial 5 min denaturation phase at 94°C, followed by 35
cycles, each cycle consisting of 30 sec of denaturation at
94°C, 30 sec of annealing at 59°C, and 30 sec of extension
at 72°C; followed by a final 7 min extension phase at 72°C.
Prior to sequencing, the PCR products will be cleaned
by using Qiaquick columns (Qiagen), referring to the
manufacturer’s protocol. The sequencing will be carried
out by using the dye terminator cycle sequencing method.
Each sequencing reaction will be prepared using
approximately 30 ng of clean PCR product, 3.2 pmol of the
forward or reverse primer and a Big Dye 3.1 terminator
cycle sequencing ready reaction kit following the
manufacturer’s protocol (Applied Biosystems Inc. 2001).
The sequencing products will be electrophoresed, and the
raw data chromatograms generated using an Applied
Biosystems 3230 DNA Analyzer automated sequencer.
mtDNA data analysis
The forward and reverse sequences of the mitochondrial
control region will be aligned using GeneTool™ Lite v1.0,
the primer sequences removed from both ends and a
forward reading consensus sequence generated. Tajima's
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(1989) and Fu’s (1997) Fs-tests will be applied to test
whether the patterns of variation in the control region
sequences are selectively neutral. The statistical
significance of the tests will be assessed by randomly
sampling the data under the assumptions of selective
neutrality and population equilibrium. The level of genetic
diversity within populations will be described by haplotype
diversity (h), nucleotide diversity (π) and the standardized
number of haplotypes (SNH), estimated using ARLEQUIN
v3.1. (http://cmpg.unibe.ch/). Appropriate values of the
gamma correction for the control region haplotypes will be
empirically determined with the software GZ gamma (Gu
and Zhang 1997). The number of haplotypes observed in a
sample strongly depends on the size of the sample;
haplotype numbers will, therefore, be standardized
according to the numbers of individuals present in the
smallest sample involved in the comparison.The percentage
of similarity between CR region of mtDNA of Indonesian
and Australian will be compared to the central data of
GeneBank using BLASTN (https://blast.ncbi.nlm.nih.gov/).
Analysis of molecular variance, implemented with
ARLEQUIN v3.1, will be used to assess how genetic
variation is partitioned within and between populations
from different geographic localities, with the statistical
significance of the variance estimates assessed using a
nonparametric permutation approach. Exact tests will be
used to ascertain whether the haplotype frequency
distributions in selected pairs of samples are significantly
different to each other.
Evolutionary relationships among haplotypes will be
estimated by constructing a haplotype network using the
parsimony method of Templeton et al. (1992) and
implemented
with
the
software
TCS
v1.21
(http://darwin.uvigo.es/software/tcs.html). This method
estimates the maximum number of substitutions required to
connect any two haplotypes parsimoniously (with 95%
confidence) and builds the network by firstly linking
sequences with the smallest number of differences.
RESULTS AND DISCUSSION
Phylogenetic relationship
The results of the sequencing reaction to 22 samples
from Indonesia and Australia have then checked the
similarity with BLASTN data, and the results are presented
in Table 1.
The similarity percentage between CR region of
mtDNA of Indonesian and Australian sawfishes after
comparing it to the central data of GeneBank using
BLASTN indicated that there are two species of the
sawfishes found in Indonesia, P. pristis and A. cuspidata.
The P. pristis was found from Samarinda, a region in
Kalimantan (Borneo) island, while A. cuspidata was found
from Merauke in Papua island. Unfortunately, the sample
of Samarinda was only found 1 sample from this island due

to the species was facing extinction since couple years ago.
The sawfishes samples from Australia all belong to P.
pristis. The sequences resulted were analyzed using the
program MEGA 5.10 to construct the phylogenetic tree,
and the result is shown in Figure 1.
The phylogenetic trees presented in Figure 1 indicated
the relationship between the population of P. pristis from
Samarinda and Australia. The Pristis of Samarinda
population is at the same taxonomic group of most
populations from Australia, indicating that the Samarinda
populations have high sequence similarity compared to
most Australian populations. While samples of sawfishes
from Merauke in Papua island are all indicating taxonomic
different, and it belongs to species of A. cuspidata.
Similarity analysis using BLASTN between the
sequence of CR region of Sawfishes from Indonesia and
Australia to the central data of GeneBank indicated that
there are variations found in those samples both from
Indonesia and Australia. Analysis of phylogenetic trees to
find out the relationship between those samples indicated
that one of Indonesian Pristis (from Samarinda) is closely
related to PM1023, PM10220, PM3196, PM1027 and
Flyma03; the other samples from Merauke belongs to
different species of origin compared to any other samples
studied, A. cuspidata.
Conservation effort
The decline and extinction of sawfishes have been
reported or found from across the Indonesian archipelago.
This is evident from five years of field and market surveys
(2011-2015) in various regions of Indonesia, where part of
the sample is used in this study. The field research and
market surveys cover the western coast of Sumatra and the
Mentawai Islands, the northern coast of Sumatra (Aceh),
the eastern coast of Sumatra (Jambi), the western coast of
Kalimantan and the mouth of Kapuas and Peniti rivers, the
southern coast of Kalimantan and the mouth of the Barito
River; the Mahakam River estuary in East Kalimantan, the
coastal areas of Manado (Sulawesi), the coastal areas of
Sorong and Manokwari (west of Papua), the northern coast
of Papua and Lake Sentani, and the river estuaries and
coastal areas of Merauke, southern Papua, and several Fish
Auction Places (TPI) in Java's northern coastal fishing port,
especially in Juwana and Pekalongan.
In the field research and market surveys (2011-2015),
there are only 24 individual sawfishes were recorded,
represented by the rostrum. A total of two samples of P.
pristis were recorded, i.e. from Lake Sentani, Papua (1
sample) and Mahakam river estuary, East Kalimantan (1
sample was used in this study and the identity was
confirmed as P. pristis, under the code of Samarinda);
besides, 21 A. cuspidata was recorded from south coast of
Merauke (6 samples were used in this study and the
identity was confirmed as A. cuspidata, under the code of
Merauke, HGM1, HGM2, PMB141, PMB148, PMC143).
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Table 1. Percentage of similarity between CR region of mtDNA of Indonesian and Australian sawfishes comparing to the central data of
GeneBank using BLASTN
Sequence

Query
The most sequence having similarity
length

Identity

Access no.

Australia
1121 (Australia)

397

Pristismicrodon haplotype 1 control region, partial sequence; mitochondrial
Pristismicrodon haplotype 2 control region, partial sequence; mitochondrial

99%
99%

GQ980006.1
GQ980007.1

7879 (Australia)

401

Pristismicrodon haplotype 1 control region, partial sequence; mitochondrial
Pristismicrodon haplotype 2 control region, partial sequence; mitochondrial

99%
99%

GQ980006.1
GQ980007.1

7881 (Australia)

402

Pristismicrodon haplotype 1 control region, partial sequence; mitochondrial
Pristismicrodon haplotype 2 control region, partial sequence; mitochondrial

99%
99%

GQ980006.1
GQ980007.1

7883 (Australia)

401

Pristismicrodon haplotype 1 control region, partial sequence; mitochondrial
Pristismicrodon haplotype 2 control region, partial sequence; mitochondrial

99%
99%

GQ980006.1
GQ980007.1

7885 (Australia)

399

Pristismicrodon haplotype 1 control region, partial sequence; mitochondrial
Pristismicrodon haplotype 2 control region, partial sequence; mitochondrial

99%
99%

GQ980006.1
GQ980007.1

7891 (Australia)

401

Pristismicrodon haplotype 1 control region, partial sequence; mitochondrial
Pristismicrodon haplotype 2 control region, partial sequence; mitochondrial

99%
98%

GQ980006.1
GQ980007.1

7899 (Australia)

401

Pristismicrodon haplotype 1 control region, partial sequence; mitochondrial
Pristismicrodon haplotype 2 control region, partial sequence; mitochondrial

99%
99%

GQ980006.1
GQ980007.1

7901 (Australia)

329

Pristismicrodon haplotype 1 control region, partial sequence; mitochondrial
Pristismicrodon haplotype 2 control region, partial sequence; mitochondrial

93%
93%

GQ980006.1
GQ980007.1

Flyma02 (Australia)

404

Pristismicrodon haplotype 1 control region, partial sequence; mitochondrial
Pristismicrodon haplotype 2 control region, partial sequence; mitochondrial

99%
99%

GQ980006.1
GQ980007.1

Flyma03 (Australia)

410

Pristismicrodon haplotype 1 control region, partial sequence; mitochondrial
Pristismicrodon haplotype 2 control region, partial sequence; mitochondrial

99%
99%

GQ980006.1
GQ980007.1

PM10220 (Australia)

370

Pristismicrodon haplotype 1 control region, partial sequence; mitochondrial
Pristismicrodon haplotype 2 control region, partial sequence; mitochondrial

89%
89%

GQ980006.1
GQ980007.1

PM10231 (Australia)

395

Pristismicrodon haplotype 1 control region, partial sequence; mitochondrial
Pristismicrodon haplotype 2 control region, partial sequence; mitochondrial

99%
99%

GQ980006.1
GQ980007.1

PM1027 (Australia)

407

Pristismicrodon haplotype 1 control region, partial sequence; mitochondrial
Pristismicrodon haplotype 2 control region, partial sequence; mitochondrial

99%
99%

GQ980006.1
GQ980007.1

PM1028 (Australia)

425

PM3196 (Australia)

411

Pristismicrodon haplotype 1 control region, partial sequence; mitochondrial
Pristismicrodon haplotype 2 control region, partial sequence; mitochondrial
Pristismicrodon haplotype 1 control region, partial sequence; mitochondrial
Pristismicrodon haplotype 2 control region, partial sequence; mitochondrial

99%
99%
99%
99%

GQ980006.1
GQ980007.1
GQ980006.1
GQ980007.1

Indonesia
Merauke

364

Anoxypristis cuspidata haplotype 2 D-loop, partial sequence; mitochondrial

93%

JQ026199.1

HGM1 (Merauke)

405

Anoxypristis cuspidata haplotype 2 D-loop, partial sequence; mitochondrial

99%

JQ026199.1

HGM2 (Merauke)

404

Anoxypristiscuspidata haplotype 2 D-loop, partial sequence; mitochondrial

99%

JQ026199.1

PMB141 (Merauke)

402

Anoxypristiscuspidata haplotype 6 D-loop, partial sequence; mitochondrial

98 %

JQ026203.1

PMB148 (Merauke)

342

Anoxypristiscuspidata haplotype 5 D-loop, partial sequence; mitochondrial

92 %

JQ026202.1

PMC143 (Merauke)

368

Anoxypristiscuspidata haplotype 5 D-loop, partial sequence; mitochondrial

99%

JQ026202.1

Samarinda

395

Pristismicrodon haplotype 1 control region, partial sequence; mitochondrial
Pristismicrodon haplotype 2 control region, partial sequence; mitochondrial

99%
99%

GQ980006.1
GQ980007.1

Note: Refer to Faria et al. (2013), Pristis microdon (Latham, 1794) should be included in Pristis pristis (Linnaeus, 1758)
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Figure 1. Phylogenetic trees of Indonesian and Australian sawfishes based on the CR gene sequences analyzed using MEGA 5.10.

In the previous 20-25 years, fishermen in the surveyed
places still catch and sell sawfishes, but at the time of the
study (2011-2015), fishermen could no longer catch
sawfishes, except on the coast of Merauke. The intensive
research at Merauke in 2014 shows that sawfishes rostrum
are sold freely as souvenirs in stores around the harbor, but
to bring out the island special permits are required. Some
fishermen said still to catch and sell sawfishes and offer to
provide fresh (or alive) sawfishes caught on the demersal
coast or river mouths of the southern coast of Merauke,
between Yos Sudarso Island and Wasur National Park. The
lack of public awareness to keep the animals protected by
law (PP 7/1999) and inadequate law enforcement causing
hunting, trade, and consumption of protected animals is
still common in this region, not only for sawfishes but also
rays, sharks, deer, kangaroos, birds, etc. The pressure of
development and conversion of natural habitats is likely to
immediately reduce the protected animals if the
environmental law enforcement and public awareness to
participate does not arise. In PP 7/1999 it is said that the
protected sawfishes are Pistis spp., but the Anoxypristis
cuspidata should also be treated equally because this is
only a taxonomic case.
In Australia, all sawfishes species have decreased
significantly, although most are unquantified. In places,
viable populations exist, representing some of the last
surviving populations in the Indo-West Pacific, with

Australia being one of a number of global strongholds for
sawfishes (Stevens et al. 2005), they can find in the Gulf of
Carpentaria, Western Australia, Northern Territory and
Queensland coastlines, with the distribution of each species
and gender is not always equitable (Phillips et al 2011).
The rate of decline in the Genus Pristis is generally
higher than that of A. cuspidata, because the latter species
have smaller body sizes that require less food and space,
and have a high reproductive capacity. P. pristis and A.
cuspidata are the most distributed species, but in places
where some sawfishes are found, A. cuspidata is the easiest
to be found (Thorburn et al. 2007; Peverell 2009).
Although A. cuspidata is relatively common throughout
their global distribution, it is relatively declined throughout
its range. The accurate information about the decline of
sawfishes population is difficult because baseline data is
not species-specific (Peverell 2009; D'Anastasi 2010;
Harry et al. 2011), misidentification, weak reporting and
not appropriate for the observation program. In general, the
decline of sawfishes population occurred since the 1960s
and in the last 20 years, the remaining population tends to
be 20% from the 1960s (D'Anastasi et al. 2013). The
appropriate regulation, law enforcement, accurate
databases and the growth of environmental awareness are
expected to prevent the extinction of sawfishes populations,
although unavoidable global climate change can affect the
population.
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